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LETTER OF TRANSMITTAL.

UNITED STATES DEPARTMENT OF AGRICULTURE,
BUREAU OF' (iiEM1ISTRY,

Washington, D. ('., December 26, 1907.
SIR: I beg to submit for your inspection and1 approval the results

of the investigations which have been nlae in this Bureau to deter-
mine the effect of henzoic acidl and henzoa.tes upon digestionn and
health. he work is a continuation in plan of that described in Parts
I-III of Bulletin 84. I recommend that this report he published as
Part IV of Bulletin 84.

Respect tfullyv, II. WY. WVILEY,

(hif (oj'Buireau.
lon. JAMiES WILsON,

SecretarU of Ariculture.
Ill
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INFLUENCE OF FOOD PRESERVATIVES AND ARTI-
FICIAL COLORS 0N DIGESTION ANT) HEALTH.

IV.-BENZOI(' A('II) AN I) IENZOATES.

INTRODUCTION.

In the continuation of the work (les(ribel in Parts I to III of this
bulletin, experiments were co)nd(uctel, acc(rling to the general plan
already (lescribe(l, to determinee the effects of benzOic acid and ben-
zoates upon health and digest ion. This investigation is of special im-
portance because of the opinion held by many manufacturers, food
officials, and consumers that )enzoi( aci(1 and benzoates are probably
the least harmful of the p reserv"ativ-e sul)stances employed. It is
believed that for this reason there has )een a very lar e increase in the

use of these )reserv-ativ"es in the last few years with a corresponding
decrease in tlie amount of ot he' )I'eserv"ative sul)staices employed.

It has also b)eel c laimle(d that there can h 1e no reasonabl)le ob1)jection to

the se of 1>e1ZO 2L(1 ) reasll of its n1at1r1l occulrenc1e IlITy

foo0 pro(ltlUs, eltler 11I traces Jf Ill cc 111(le1al)le (tua1ttes. Amngll

the products c itel the ('IerI)eIr ocui iJ)les the most )roinlIlenlt 1)osi-

tion h>erause of the Ilotable 2a1in>mlt of belzoic aci(ld it contains. These
conslderLtlols, lowOee, lhlt 110 (lete'1111111111 111flie(1e o11 tile choice of

t11is sll)staulce for tile eX)'I illlelit ai work, istisitilllci as it was included

II I lhe 10ri nliil sc 1ll e W 110 i Wi s I)rel)tired bIefo re the wo rk: reported III

1' 2i I Wzis l) r' 1Il.

[l1e satielll Ii tli I f) les W l11i I gili leo I 1ie rti111lZnt ll tic !iof I Il e wco)rk as
lesc ri I)Pe Ill Ialii r I w ere fc 1 Oled I it 1 lj)leSellit illstaL1e. I )t1n (t1e
seleti)l of the Illeiilers of the 0 varjeiicllic ttil' c 0'11 uIlil1 wNs 5 0l0jc'cte(I

toc a thL lcll 1 1 Ill tti('li (X11c'\I llilut lIl of tie 1 oli'1ILtoei' 2lit'21i v clt'ScriiH'tl.

. O 0110 Was t1(cl11tte to) I the taili 0 Wlic) 1iis e iih'rinuz frolll till cfgiallll:

disease, W 1 I lltillifestei ilI\ tet1tile " to 10eire ittir cli4 1 z14 , or Who

hild 1 e11 serial zsl ill it hil lie 1 e:Lr 1)r 'i)lUS to) tl 1K'trilllllltr of t lie

('.X )) fIllllelltiltW rk.
11043



INFLUENCE OF FOOD PRESERVATIVES ON HEALTH

The delay which has attended the presentation of this report for
publication has been due to several causes. First, the great burden of
collating the data, condensing the analytical tables, and checking the
data for accuracy, required, as is usual in such cases, a large amount of
time and expert labor. There were also a number of points brought
out in the investigations which required further study of the question,
both experimentally and in consulting authorities thereon.

Another reason for the dela- consisted in the fact that various repre-
sentations were making on the >art of manufacturers and others re-
specting the effect upon the industries using benzoic acid should the
conclusions reached in this report receive executive and judicial confir-
mation. It was thought adlvisable, therefore, to give ample time to the
industries involved to experiment with methods of manufacture look-
ing to the elimination of objectionable preservativ-es. Investigations
were also undertaken b this Bureau in collaboration with the manu-
facturing interests along the same line. Results of these investiga-
tions have shown that there is not a single article of food which has
been commonly preserved by- means of benzoic acid or benzoate of
soda which cannot be preserved and offered to the consumer in perfect
condition without the ai(d of any chemical preserv-ative. This fact has
been completely demonstrated in the case of cider and grape juice,
mince-meat, jelly, jans, (atsups, preserves, and other articles of the
same character, and there seems, therefore, to be no longer any indus-
trial reason for delaying publicatioll even if the former necessity- for
such delay )be admitted.

It is believed that the distribution of the results of this inlvestiga-
tioll at the Sresent tille W1ii 1'1thIer work llardlshil) to ally Imanu-

facturllg Interest 11or interfere In ally WaY wil ally leglitlate busi-

ness. At the sane tillic It will inldicate to the rImantifact urer, as well

as to the consumer, the important truth that the use of benzoic acid
or benzoate of soda as a pIreserving ine1diumn is not without (lalger,
that its effects are always inious or ten(Id to injuy, and that its
exclusion from food lrodulcts is d(esiralble not only in order t~o con-

forImi to the food adl( (Irugs act, 1ult also for hygien ic reamoins.

The greater care whII ie' is reu(j hired in1 thle mau fact ilr(' of fo(d )rod-
ucts without the usoe of )enzolc a.cid Ir bI)enlzonta of (' soda , necessi tat-

ing the use of a higher quality olf raw material, w ill place tle inuiilsrl ies
which would oth erw ise ulse ihiese i)reserva t ivyes ini foo)(Is oni a 1)etter
)laeI1, and secure fOr their prodI uct s a greater con iul1smpllt ion.

1044



BENZOIC ACID AND BE\ZOATES. 1U-5

SERIES VIII.

ADMINISTRATION OF THE PRESERVATIVE.

In Table I are recorded the dates of the periods and subperiods
during which this experiment was conducted. A preliminary or
relaxation period of one month elapsed between the close of Series VII
and the beginning of Series VIII, the subjects being the same in both
series with the exception of No. 4.

TABLE 1.-)ahts r' pu s Uid sliplruds 6 a Stries VlJJ.

Date of Date of
Period andi sulperiod. bin- ending.

ening.

1904. i1904.
Fore period.........--............................................................ Aprii11 April20

First subperiod........................................................do... April15
Second subperiod............................................................... Apri1 16 April 20

Preservative period............................................................ ..... ' A. pril21 I May 10
First subperiod........................................................ .do... April 25
Second subperiod..................................................... pril 26 April 30
Third subperiod....--........................................................ May 1 May 5
Fourth subperiod.....................................................11ai- 6 May- 10

After period........."........................................................May 11 Miay- 20j
First subperiod ...-............................................................ do...' May 15
Second subperiod........................................_....-... . . . ..... ay 16 Mfay 20)

Inl Table II is given a schedule of the administration of the 1re-
servative. The so )dium benzo )a.te used is calculated in the t ablte as
benzoic acil. lhe prese'rv(atiVe was iv'en1 in1 all cases in1 ('apsules, as
experience had shown tis to be the best method from every p)oit

of view of admillistering a substance of this nature.
In1 the' first )reservative subl)perio)(1 t here was given to No)s. 1 to 6,

inclusive, oIe granm of benzoic acid per daY; to N us. 7 to 12, inclu-
sive, omne grain pi r d oay with thto' ('ixcel)tion01 of the first olay whl1(e1

only 0.9! grail 1aS givel. Duini I g thlte secon o1>I'j eservativ sub1)-

period 1.5 gruns f b'zlro)ic' aciol were givE'1 each laY to each mIlellber.
In the tlirdl l)iesebrvativle slb)eriodl 2 graIns, and in th1le fouirthIi 2.5
grains we ro given eacl 1(1 da", with1 tihe ex (' Epti1ons 11otedI inl thie t2a)le.
TIhere were several c('a(e1s dllring th0' fo)lrthl sul))eriod)l w1('1n the I)re-
servative, b\- reason of its ill effects and for other causes, had to bwe
W\ 1iftlrl . TIle ill Xilllilll (tuRlitities of 1)o'ZOic aol , lIorefore,
gliven ( lirnllg t 1 ( 1 ilf ire reservev aiyle peTIOo 00li aal .i.0 fIgllis,

all( 0111V tlirt'1 Ill(ll WOP'(' a)lt' to) take these :iiiotiiits. I1 all o)f the
otller ('u1esl it WUS2l 11'( 1 5U:1"x to w it lid" raw 1)o rti lull all of thet_

Ipreser\-at ive for t11(1 r'asolis airt'adl \tatedtl



1046t INFIILUEN(i' O1F FOOD I:IESERYATIVES ON HEALTH.

TABLE II.- Schtduile of administration of preserratire, Series III.

[In capsules.]

Benzoic acid. Sodium benzoate (expressed asBenzic aid.benzoic acid).
Period and date. bno a _ .

No.1. No. 2. No. 3. No. 4. No. 5. No. 6. No. 7. No. 8. No. 9. No. 10. No. 11. No. 12.

First subperiod: Gms. Gms. Gns. Gms. Gms. Gns. Gms. Gms. Gmrs. Gms. Gms. Gms.
Apri)21,1904..... 1 1 1 1 1 1 0.9 0.9 0.9 0.9 0.9 0.9

22, 1904..... 1 1 1 1 1 1 1 1.0 1.0 1.0 1.0 1.0
23, 1904..... 1 1 1 1 1 1 1 1. 1.0 1.0 1.0 1. 0
24, 1904..... 1 1 1 1 1 1 1 1.0 1.0 1.0 1.0 1.0
2i, 1904. . ... 1 1 1 1 1 1 1 1.0 1.0 1.0 1.0 1. 0

Total per idi-
vidual....... 5 5 5 5 5 5 4.9 4.9 4.9 4.9 4.9 4.9

Second subperiod:
April2t,1904._.. 1.5 1.5 1.5 1.5 1.3 1.3 1.5 1.5 1.5 1.5, 1.5 1.5

27, 1904 .. 1. 5 1.5 1.5 1.5 1.5 1.3 1.5 1.5 1.5 1.5 1.5 1.5
28, 1904._.. 1.5 1.5 1.5 1.5 1.5 1.3 1. 1.5 1.5 1.5 1.5 1.5
29, 1904_... 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 15 15 1.5 1.5
30, 1904.. . . 1.5 1. 5 1.5 1. 5 1. 5 1. 5 1.31 1. 5 1. 5 1. 5 1.5 1.5

Total per indi-'
Todual .... _. . 7.5 7.5 7.5 7.3 7.5 7.3 7.3 7.5 7.5 7.5 7.5

Third suhperiod:
May 1, 1904...... 2 2 1 2 2 2 2 2 2 2 2 2

2,1904..' 2 1 2 0 2 2 2 2 2 2 2 2 2
3, 1904...... 2 2 0 1.5 nl 2 2 2 2 2 2 2
4, 14)4...... 2 2 0 2.5 1 2 2 2 a2 2 2 2
5, 1904...... .2 2 0 2 2 2 2 2 2 0 2 2

Total per indi-
vidual........ 10 10 1 10.0 8 10 10 10 10 8 10 10

Fourth subperiod:
May6, 1904....... 2.5 2.5 0 2.: 2 0 1.5 2.3 0 0 2.5 0

7,1904...... 2.5 0 0 2.5 1 0 2.5 2.5 0 0 0 0
8, 1904...... 2.5 0 0 2.5 0 0 ' 2.5 2.5 0 0 0 0
9, 104....... 2.5 0 0 2.5 0 0 0 2.5 0 0 0 0

10, 1904...... .2.5 0 0 2.5, 0 0 0 2.5 0 0 0 0

Total per indi-
vidual....... 12.5 2.5 0 12.5 3 0 6.5 12.3 0 0 2.5 0

Total per indi- I
vidual for en-
tire preserv-
ative period.. 35.0 25.0 13.5 3:i.0 23.5 22. 5 28.9 34. ? 22. 4 20.4 24.9 22.4

a Took preservatli, hut becnuw sick inim ediately a fh rivrds.

EXCRETION OF HIPPURIC AND BENZOIC ACID.

In 'I'lale III are <rJivll the results of the d(1tclellrm1iLt IonS of hil)-

I~uri'Intfll lxinic'i !lci(I iii 111 i IlriI1( (ltjlill lie (lit ir tinlce cof cobser~t-
Vlt 1011.

METHOD FOR DETERMINING HIPPURIC AND BENZOIC ACID IN
THE URINE.

'1ltc IltcthllO( ('lI j)I1)Vc~l V "!t tltut (lce cl'ilxe(I l)\" I~tl1&~(b l11(l thltjlie(c~c-

I>,clg.' hhI'c (issltit l fceatllct hIPS t1c le itt 1101 ltri i, us follows":

Make alkalim- 100) to 200) cc of u rir with I salitium (enrlmI ate, evaporate to irynless,
an1l extract the reilu with alcol. ( oiuletely dIistill ofl tlui alcohol, muake the

reillaininrg water solulItionI acidl withI llvydrololric atcil midl extraCt at last five tile8

with acetic t her. Wash thle n:ietir tofher extract withI water mdl t hen evaporate.

a Arch. erxp. 'at I. 'hiarmiuakol., 1876, 6: 235; also Anialyse desf larny, Neuhauer and



BENZOIC ACID AND BENZOATES.

Purify the hippurie acid and benzoic acid, crystallize, and weigh. Separate the
hippuric acid from benzoic acid by means of petroleum ether; the difference in
weight of the crystalline forms is benzoic acid.

The method is not as exact as could be desired and presents many
difficulties, particularly in the case of concentrated urines, where a
considerable quantity of fatty and resinous matter is remove d by
the acetic ether employed to extract the benzoic and hippuric acids.
As in other determinations the analyses were male ol coll)Ositel
samples.

Ilippuric acid occurs as a normal constituent of human urine in
amounts varying from 0.1 grain to 1 gram per day (Analyse des

Iarns, Neubauer and Vogel), and in some cases after eating freely
of vegetables and fruit, especially plum((s, cranberries, etc., it may
be more than 2 grams per day.a In the ordinary mixed diet the
average quantity of hippuric acid eliminated is given as 0.7 gram

per day.
Ilippuric acid is the chief nitrogenous constituent in the urine of

herblivora. This is explained by the fact that animals feeding
wholly on vegetable foods consume a large amount of aromatic

substances, which, by oxidation, as toluol (einnamnic acid), or by

reduction, as quinnic acid, are converted into benzoic acid, or sub-

stances containing the benzene nucleus, a.nd then, by combination

with glvcocoll, are converted into hi)puric acid and excretetd as
sucl1.

The formation of hippuric aci(d in thle human organism is there-
fore associated with the formation of benzoic acid. It has been

prov-en conclusively, both synthetically and by feeding experiments,
that hiippuric acid is formed as the resulting product of the union
of bellzoitl acid, or a substance ontainingt lie benzene nultcleus, milld
glycocoll. 7 lus ant substance or material taken with the food
which count aiis tlie benzene nucleus or is cnpab le, 1)y txidaXtiton i or

relu(tion, of 1)eing converted into benzoic acid will unite with gl-co-
coll, whi clh is derii vedt from l t lIe p)rote in mi etabiolsm111 within ii the bod-,
to form bippuric acid.
There are also a few cases where the 1 benzoic acid is derivetd soltely-

from protein. Salkowski, leissner, Sleparld, antd others found
hli)plllc acid in1 the urine of starving o ogs, also in dtzgs' urine after
a diet consistillg ('i i'elf' of 1111t. lilte elleIt' atld Ill these cases

evidnlt'lity o )1rig1iatetld fromi tlie pu t refiact in)Il of pI'o)tinl ii tlt' intes-

1 Ines.

r'Fll 1a ilutll of ili p)llfl du'11 td1111111111t ed is I llteIlcet, first, ) i 1e

ann101111t of glvco00) )l0(1 t)s011t, a ll, 5 0c0 t I, h) tli a I tllt lllt ot f 1 1-

zoie atild formIied. If there is sullici'ient glvencoll formiled during; tlt

digestit)n of lIrott'eids to ct Iliille withl the ibelOlizoic acid, tle all will

la liunarsten, Phlly il al Chemistry', 190.

10-17



1048 INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

be eliminated as hippuric acid. Experiments have been conducted
on rabbits by Wienera in which he administered small amounts of
benzoic acid and recovered the entire amount in the urine, combined
with glvcocoll. as hippuric aci(1.

DISCUSSION OF RESULTS.

Table II, page 1046, shows the (lailv ingestion of benzoic acid, and
sodium benzoate in amounts equivalent to benzoic acid, during the
preservative period.

In Table III are given the (leterminations of benzoic and hippuric
acid for the fore period, preservative perio(1, and after period. The
table shows amounts of ether extract or benzoic acid, varying from
0.00 to 0.07 gram (lailv in the urine during the fore period, the
amounts for Nos. 4 and 7 being quite high. The quantity of benzoic
acid excreted in the preservative period varies from 0.064 gram,
in the case of No. 11, to 0.784 gramn in the case of No. S. That
benzoic acid remains in the system some time after its ingestion is
shown by the increased excretion in the after period over the fore

period . For Nos. 4, 7, 9, and 10 there is a dilminished excretion in
the after period as compared with that of the fore period. The
average increase (luring the plreservativ-e period for Nos. I to 6,
who received benzoic acid, is 0.159 gram over the fore period ; for
Nos. 7 to 12, who received sodium benzoate, there is an increased

excretion of 0.255 gram over the fore period. The average increase
in the after period over the fore period( is 0.031 and 0.029 gram for
Nos. 1 to 6 and 7 to 12, respectively.

In that section of the talble which shows the excretion of hippuric
acid, the variations in the amounts in the fore period are again quite

marked, as in the case of benzoic acid, though there is apparentl-
no <('eeral relation between the excret ionl of t lese t w'o subst dances,
the hi1ppuric aci(d vary inlg iidep1en(nl(bEtly of the ('xcretion of benzoic

Ile amllounts of hipluric acidI excreted in the fore period vary from
0.:330 grall per (lay for No. 6 to 1.11 S grants per (lay in the case of

No. 9. Tle average excretion for Nos. 1 to 6 (luring the fore p1erio(1
is 0.505 graini per (la", while for Nos. 7 to 12, it is 0.754 grain.

1)11ring t he pre('s'Ivative period )(I t (ere is, of course, an 1 crease in

t le amiiounits of hippari( acid ex(rete(l, which again shows qluite an

inliviu(llal variat lion. Tlhe average inc(re('se for Nos. I to 6 is 1.017

(iralis per (lay, ald for os. 7 to l , O.(ii gr1i11 per (ay over the fore
period.

Inl thle after p)erio( th1'e average increase over the fore period is
0.293 <rrain per day for Nos. I t) 6, an1 for Nos. 7 to 12 it is 0.062

raill.

a Arch. (xlper. Pat h. PIharnuakol., 1874, -: 313.



BENZOIC ACID AND BENZOATES.

In the third section of this table the results are expressed and cal-
culated in terms of benzoic acid, that is, the amount of hippuric acid
found is calculated to benzoic acid and added to the ether extract
considered as benzoic acid, given in the first part of the table.

The maximum amount of hippuric acid excreted (Part 2 of Table
III) occurs in the third preservativ-e subperiod, during which the
largest amount of benzoic acid was administered. There is also quite
a decrease in this period in the excretion of benzoic acid as compared
with the previous subperio)d.

In the sununarvof Table III, the entire amount recovered as benzoic

and hippuric acids is 81.32 per cent for Nos. 1 to 6 and for Nos. 7 to 12
(No. 9 omitted) 61.41 per cent of the amount ingested. There is
evidently a Im1arked difference shown in the manner and amount in
which the benzoic acid and the sodium lhenzoate are excreted.

It is also seen that the elimination of liplplric and benzoic acid had
not returned to normal at the close of the after period and that the
entire amount had not been eliminated at the close of the experiment.
Tlis point is further discussed in the supplemental studlv which follows.

It is very probable also that, under the conditions of the experi-

Inent, the supply of glvcocoll in the body would not be sufficient in

quantity at all times to combine with the benzoic acid ingested.
Lender the powerful oxid izinr andl reducing actions, to which the
(lrug is sulbjected, various prodU(ts resulting from this action as well
as substitution products are doubtless formed, resulting in the eliini-
lationl and destruction of part of the benzoic acid.

For the further elaboration of these points, especially the differ-
eIe. showI in1 the rate of elimination of the preservative when a(dmilin-
ist ereal in the t wo fOrm s, a suppllementry a' st 11(1 o Of t lie excretion of
benzo iC and11 I hippuric acidI was madte.

SUPPLEMENTARY STUDY."

I'LA.N (W)I 'T'lHE JDIEXPltl.11EN'.

*' he sll)))1 IllieIt trv st t Il 1l(l1e( slX sull)j0ts, ill(ti- Wls begull ol

%oVeIllber 2f, 1907. ll(' (ebx)eri1IIIlst wV-as divi(le(d into a fore J)eriod
of fly' (lays, a. )eservallye )pli o1 f 1 112IlV , !11lts an ll n ifter P('' 1ati

Of folirteell ill-s, (lllilg Willl(' l e t h11 t walt' ke1)t p)ra'Ct icullv COnsta nt.

. soIlleW-111 longer after perioni Il tills case w2as deIelld Ilecsrtiy,

2s thl tilata 01)1 ztilll'i 11 I ll' ) o1Ylls Iivest1t 21o1 Illtl e(ttil at 'o l-

Ii(lorth ll) Il'e 12X1e 011 l l of t11t Iligtest (ti 1)e'll%1(/ l ati , 1) rt lell-

larly in tile (1as' o f the benlzonlt(' o)f Mola.
I1lfillr t ile )res valIt 11 perio It I otf1i of 2 .. g rnlls of bl01E01i

lifl'l Wils givell to Nos. 1. 2 i. 111(1 :, 2111(1 2 111 110 111it of ell'1att tof

a IE. W. rnit anil I I. I.. .\nIII(w wt~rfornnt'di nto of th :usalyticual work in thii innies-
tigation.
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\ INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

soda equivalent to this was a.dnimstered to Nos. 4. 3, and 6, giving
1 gram per day the first five days ands 1.5 grams per laY during the
second subperiod of five days.

ANALYTICAL IM ETIIOI) USEI).

The same method, essentially that of Bunge and Schmiedeberg,
was emjploe-ed in this investigation as in the original series, the details
of its application in this case being as follows:

Evaporate 200 cc of urine to dryness on a steam bath after making alkaline with
sodium carbonate. Extract the dry residue with hot alcohol i98 to 99 per cent),
using a blunt glass stirring rods or a pestle to break up the coarse particles. Extract
by using two 100 cc portions of alcohol and one 50 cc portion, heat to boiling each

time and then filter. Finally wash the residue on the filter, using from 25 to 50 cc of

cold alcohol. Evaporate the alcohol and take up the residue with 15 to 25 cc of water
andl transfer to a Squibbs separatory funnel of 200 cc capacity.

Extract five times with acid and alcohol-free acetic ether, using 50 cc for the first

two portions and three 25 cc portions. Wash each portion of acetic ether extract with
an equal volume of water saturated with acetic ether. Allow the combined extracts

to evaporate spontaneously and, when the acetic ether has disappeared, transfer to

weighed dishes by a small amount of acetic ether. Again evaporate the acetic ether
andl dIry the residue in a vacuum oven at a temperature of 500 to 550 ('. and a vacuum
of 25 to 28 inches for six hours; cool and weigh.

After weighing extract the resilue with from 20 to 30 cc of petroleum ether divided
into three portions, dry in vacuo and again weigh. The final residue is hippuric

acid and the differencee (lue to the extraction with petroleum ether contains any
benzoic acid that may he present as such.

As waS )ointed out in the previous study-, this met hod is not as

clear-cut as coulh1 he desired, but by the procedure descril)ed fairly
accurate results were obtained and the residue of hippuric acid wa.s
ini a.ll cases c rystalline1 ant(d only slightly colored.

In (r(ler to) test the legree o)f extraction an(d to det ermlline whether

ally hipparic acitl reInla.ine(d in the resi(lue or was reol(ve'( )y washing
the acetic ether wit hl water, a series of these residues alnd wash

waters w(ere eva)orate(l to c(rvness withl excess of s(diulim1 ('nrl)onatc
ainl I t reate( Il t Ie usual uiIInner. InI all cases onlly- slight traces of

(i'V5tals W'ere old aitietl, 811l Willg I l1e etracnt i( l to be fa1irl coIl1 1 lete.

1((LSSI()N ()1' ANALY'TI('AL. 1)ATIA.

II ile T 1'Cl 8llts O( t It 1 l j s l)))lell lt'litty t1X)eI i' t idU.C gl leIl 1 i1 Ia l)le
I \. I1'0 dit U lie 1 alc1illate , frollli t lie aillalvsis, ol I lte (lil sU1111)l s

crI also, o0 l tilt coh111)sit '5 fotr eac1h J)eFiat , Which11 were kep)t (hurinig

I 110' Jlpf gI( 5ss Of 111' 1 'Xj))(f'Ii litl . II i 1e tifst test 011 (c llij)OSit( s5illl-

1)4', PS (W 1 11sel , W l1icl 1 )Ir )ttl)Zl)I ac"("tl1t11 l l )l Ift fo0r suc"I (lil'r l('cS
US dIre filled ii Il I(' t1 1 O sets f res11lts.

11 Jlft 1 of th1 l ill)I 11e results ilfeP giehll 1i1 terllls Of hil)1)ufi

wi . 01)21111 ) lf((l )W 1ll liril t eigiii asst ilgs, 5 ) l it loitIl of t lie fial

residue 1iW11 t tl -Ilt hi-1iO[IiliI SOli1111 h(IroioI T . t'1fort11li100 thil'

1050



BENZOIC ACID AND BENZOATES.

titrations were not made on the daily samples throughout, and these
data are lacking for the first subperiod of both the fore and preserva-
tive periods. The titration figures given, however, serve to show
that part of the residue which is weighed is not hippuric acid. It is
believed that this is, at least in part, a compensating error, inasmuch
as all the hippuric acid is probably not extracted and there is a
slight loss during the washing of the acetic ether extract with water.

An inspection of the data shows an increase during the preservative
period in the amount of hippuric acid excreted, which is much more
marked in the case of the results on the (laily samples than on the
composites and also is much greater in the case of Nos. 1, 2, and 3,
receiving benzoic acid, than for Nos. 4, ;, ani f1, receiving benzoate
of soda.

In the suniary for Nos. 1, 2, and 3 there is in the fore period an
average excretion by the (laily samples of 1 .1389 grams of hippuric
acid as compared with 1.0361 grams by the composite samnhples. For
Nos. 4, 5, and 6 the figures representing the excretion in the fore

period are 1.0389 and 1.1954 for the daily and composite samples,
respective el\-.

During the preservative period for Nos. 1, 2, a.nd 3 the average
excretion is 2.7677 grams for the daily sa.mplles and 2.283:3 grams for
the composites. For Nos. 4, 5, and 6 the same relation holds between
the daily and composite samples and there is a. marked decrease from
the figures obtaineI for Nos. 1, 2, andi 3, namely, 2.4127 and 1.5026
grams for the dlailv and comn1posite saliples, respectively.

One striking point in the data is the marked decrease in the amount
of hippuric acid obtained for Nos. 4, 5, and 6 in the composite sain-

ples (Illring the first preserva:tive slb1period. No. 4 shows about one-
fourth a.ndl Nos. 5 and 6 albolt one-tlir1 as Iuch li)ppuric acid
excretel (luring this period as is shown lb\ the (lail\ sales. There

is, however, a correspon(inhg increase (see part 2 of Tabl 1e I V) in the
amount of b enzoic acil excretetl, which was obtained in these
mnst ances in plure c'yst alline formii anld th1e amount titrated. hle
coIn >losit('d sain >les were not analvZeld at the clotse of each w erioml or

subperiodl, )ut were taken up alt the close of the experiment. Iis
particular colllJ)osite probal)ly stool tweut y-ivye ln es, preserved with
t llllol U.I(l l1ltoI'ftfIll. A Is well known, hailin&r with i acids or

alkalis Ilec'om)poses hiippllric ltidl into )enzoic acit and glvcocall.
Ihere is a prolbality of such a <lecolpositio1n having taken place in
tis instance, <h ha imrf seal i11(Itst, slit it
is (onnlC(eI dt to thoSe subhj(bcts re('('Iv'lng b enonitto of sotliz aind occurs

O iH ( l gYlg t lie 1 rst 1)Ifsei'valve sil Ol lel'loI. H 10c HYaffi'P ea OXce f

h1)))11i'W a1ci( eNcret('e I llilill t l1e )resel'Vat iYe p 0i4l in t l1e daily
salllIJ) ill 1 .8072 ''lllls for t lte '. 1 jctts feei'vill e t'llZ l' acid n111ti

13.3 1 g a'ills for those receirIng StoillIll heIlZttle.
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During the after period the excretion is still in excess of that of the
fore period, amounting to 3.1646 grams for Nos. 1, 2, and 3 and
2.9884 grams for Nos. 4, 5, and 6 during the first subperiod, bringing
the total excess per man up to 17.3621 grams and 14.7342 grams for
those receiving benzoic acid and sodiium benzoate, respectively. Dur-
ing the second after subperiod the excretion for Nos. 1, 2, and 3 is at

little less than during the fore period, while for Nos. 4, 5, and 6 there
is again an excess of 2.4263 grams over the fore period, bringing the
total excretion from the sodium 1benzoate subjects up to 15.5430
grams per man. There is thus seen a. marked tendency to an earlier
excretion of the benzoic acid as hippuric acid than in the case of
SOdiumI11 benzoate.

In part 2 of Table IA the data are expressed in terms of benzoic
acid. The total hippuric acid as determined by weighing the residue
is calculated to benzoic acid. The residue obtained after the extrac-
tin diWith petroleum ether, which in the original experiment is regarded
as benzoic acid, is marked ' petroleulm ether extract." In this experi-
ment (with the exception of the incident with Nos. 4, 5, and 6 in the
first )reserv-ativye subperiod on the composite samples) no crystals
were ever obtained in this extract, and, moreover, by collecting and

keeping the individual extractions during the different p)eriols, only
slight traces of benzoic acid were recorded on one or two occasions,
when tested b)V Moihler's method. a To further test this point two
voung men were given 2.5 grams of benzoic acid an( two an eqjuirn-

lent qluantity of sodium lbenzoate. In only one case was a. p ositive
reaction for benzoic acid obtained, and that was for one of the subjects

receiving So(lim henzoate. It is only fair to assume then that tnder

the cond(it ions of this experimentt no) benZoic acidl as such was ex('rete(l

in t lie urine. It iust 1e remnemlbered, however, that in the original
exl)eriient only tle composite salpIJles werale analvze(l andl a larger
amount of benzoic acid was ingrested. It is possible, t therefore, tlit
ui(ler tlie conditions of tle original (xperiluelit, in1 which the amiiounlits

of tihe reservea tiv' ingest ed1 were I 1111(11 great er, t ie sul})1)1yl of glvco(a()llI
was not sufficient to combillle wit Ih all of the benzoic acid, and Ile

Ietroleumlll otherr extract in the brst experilmellt didI contain b1 henzoic
aci, althiioughzii in t le sup1)pl(nenll t aryf st l(Iy t lie results imlit thiate flit
th(' )einzoic aci(d is all recov'er('l 2s lippiuric ncid.

Ac(ortlineg to several aut loi'it ihes'" benzoic acid is found ill ralblits
urin an( s t1ies Ill s1ma11  (uant it is 11 <logs 1rine. It iS 11so
found1(1 111 II1111uan 1iuie iIn diseLses of t ie ki(llners. Thmis o('cureI'I'nc of

benzoic a.(id(' seesll to( 1)' (In11 to a lerinenl taltive (Iecomp(l1oSIt i1 of hi1p-

)lf1c 21(t( , 811( a (I CC Oliejo) it loll I0 1( I \' O C1ll ll I ll till nialkaline

lilillle of1 111 Oil' ('o ltl lllllly 1)f' t(ld. . ('(oI' rn to 'll18 1111( " 801110

1 l . I. 1) .>. .\lr., har ,n of 4'lemist rv. lIIl. 107. p. 151.

14 'ited iii HlaIIrmu rstteln 1'IiPh sio lgi I ('hemiistrv, Io1ok p. 503.

' 'harniuaclogy aI1l 1he4rape t ic, 19(1, 2d l., t,. -112.
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ingested benzoic acid escapes in the urine unchanged, this depending
on the general health of the subject, the condition of the kidneys,
and the amount administered. This is of considerable interest in
relation to the point already brought out in regard to the benzoic
acid excretion and also in connection with the lessened excretion of
the hippuric acid when ingestedl as benzoate of soda.

The same relations hold in this part of the table in regard to the
excretion, as were brought out in the discussion unler part 1, as the
benzoic acid is calculated lirectlv from the hippuric aci(d. The
weight of the extract, since it contains oxvacids, phenols, and resinous
bodies, and was found to contain no benzoic acid, was not added to
the calculated benzoic acid from hippuric acid. Further, this residue,
if added to the data for the composite samples, is not sufficient to
make up the deficiency between the composite samples and the daily
samples, although in general there is an increased amount of 'extract"
for the composite samples over the daily samples, especially in the
after period. This form of expressing the data. merely affords a
means of readily calculating the percentage amount, excreted as
hippuric acid, of the amounts of benzoic acid ingested.

Based on the excess excreted in the preservative period 92.0 per
cent of the amount ingested in the case of Nos. 1, 2, and 3 is recov-
ered, while for Nos. 4, 5, and 6 only 71.9 per cent is excreted.
There is again an increase in the first after subperiod, which brings
the excretion for Nos. 1, 2, and 3 up to 100.5 per cent and for Nos.
4, 3, and 6 to 76.(0 per cent. The excretion in the second and third
after subperiods is practically of the same magnitude as that of the
fore period for Nos. 1, 2, and 3, but in the case of the subjects
receiving so(lilllll benzoate t here is still a slight increase in the second
after subperiod, blringig the percent age excreted up to 77.6.

It is apparent that the rate of elimination and the total amount of
lippuric aci(l elimflinlate(1 are quite different under the influence of
henzoic acid alnl of so(Iium1 blenzoate. Wit h1 1)enzoic acid the elimina-
tion seems to )(' complete with in1 five day5s after its adlministratoll is
(liscontilnled, whlile inl the ctle of sodium h'enizoate there is qllite a
retarldationl in t he excretion, which exte(ds at least over ten days,
and I 22.4 per cent ( t h(e aIount ingestedI still remains unrecovered.

lhese results are in I he main (onil iriatorv of those o1)tainedI in the
original series, in so far as t hey show t h(e dliffereIce in t he excretion of

lfl)pl1ic aid l('l d1( id frII11 t1 le iligestoll of benzoic acid and
from b(enlzoat ( of sod; also t he fact is brought out in this invest i-
gation llat t hr(' is (isparit v 1>et WP('II t h(' results oi1 t l1e daily s m1-
)t' a2111(1 Collp )slt( sat ilel ', o'"idl(t v du(1 to a. d(I'c011 Ou sioll Of

I l1e lij)j))1il ai1 taking pilae on st aiding, an11 that these subjects,
wit h1 the ilgest tor ) f 1'2.3 graIns of b (enzroic acid ov er a period of ten
days, showed no )('nziic acid ('x('rete(d a such.

2331i0--3u11 8t, pt "-U5 -- '2
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Tl.lInu: Ill. -Excretion of tie' benluZOir acid in the urine, Scries 1IIH.
1. PETROl. EIM E''IIER EXTRACT (BENZ)IC ACII)).

Suinnaries.

Period.

Fore period.

First suhperiod:
Total.......................
Average.. ..............

Second subperiod:
Total.......................
Average.................

Entire fore period:
Total......................
Average....................

Preserratire period.

First swhperiod:
Total.......................
Average....................

Second subperiod:
Total.......................
Average....................

Third suhperiod:
Total.......................
Average................

Fourth suhperiod:
Total.......................
Average....................

Entire preservative period:
Total.......................
Average................

After period.

First subperiod:
Total.......................
Average... ..............

Second suhperiod:
Total......................
Average....................1

Entire after period:
Total....................
Average.................

No. 1. No.'_.Io2

Grams.
0. (KX)0

.(KXhK)

.0243

.0049

.u245

.K)2S5

.1802 ,

.03(10

.6793

.1359

.4529
.0901;

.2200

.04401

1.5324
.07116

.0202

.0040

.1548

.0310

.1730

.0175

Grams.
0. 2022

.0404

.10001
.02(X)

0302

1.4560
.2912

4. 7208
.9442

2. 679
.5354

.7298

.14401

9.58.35
.4792

.348.5

.(fi97

.1273

.9848

.0985

No. 4. No. 5.No. 3.

Gmms.
0. (XX)
.((NN

.0000a

.0000

.0XX)

.0) 0

.89166

.1793

2.1083
.4217

.1857

.0371

.4159

.0832

3. 60615
.1803

.14416

.0289

.6138

.1228

.7584

.0758

Gnram us.
0. 638 9 )
.1318

.0782

.01511

.7371

.0737

.4553

.0911

1.553{0
1(Hi

.31022

.0604

.4275

.08

2.73811
.13(19

.2058

.0412

.I(X)

.(XXX)

.20.58

.020fi

Individt al data.

No . Gi. No. 7.

Grams. G
0. 1088

.0218

.xoN

.IXXX)

.1088

.0109

.1673

.0335

.66191

.1338

36i9i
.0739

.1799

.0360

1.3859
.06593

.2873

.0573

.4160

.0832

.7033
.0703

No. 8.

Grams.
11. (KN)

.()

.(XN
.INNN

.I(N

.INN)

2. (298
.52510(

8.2835
1.(1(17

7898.13!4
15811

3.9738
.7948

15.l6769
.7838

.51N04
.1121

.3730

.0746

.9334

No. 9.

(:rarinrs.
0. 34t;9

0694

.00(X)

3469
0347

. 2782

.036

2. 1716
.14341

2.9101
.1941

.2785

.0557

.2785
.0279

No. 10. No. 11.

rains.
0. 0:23

.(XXX)

.(XX)

0323
.)32

.471

.(0)34

1.5029
.3( li '

.4719

.0944

.2618

.024

2.71)37
,1352

.0)584

.0)117

.1561l
.0:{12

.2145

.0215

Graims.
0. i897
.1379

.oXX)
(XXX)

.1897
. 0(ith)

.3576

.0715

4.7632
.9524li

.8294

.1159

.5732

.114(6

6. 5234
.32(2

.0413

.0083

.1808

.0362

.22'21

.0222

No. 12.

Grans.
0.1911
.08u3

.1811o

.0361l

.3722

.0372

.8440)

. 1188

2. 5203
.5041

.930

.180111

.121
.0424

4.4793
.22440

.0(XN)

.000)

1.92411
.3849

1.9246
.1925

Nos. 1
to 6{.

I. I)22
.0334

.2027
.(X6iB

1.204 9
0201

3. (i225
. 1208

11.2334
.3744

4. 4592
. 14811

2'1349
.0745

21. 53XM)
.17!1(

1.10648
.0355

1.97710
05i 9

3.0418
.0507

No. 7
to 1'1.u

;ram is.
1.5818
.0527

.18011

1.71124
.0294

4. 8(H)8

1i. 9804

). 7534
.1918

5.1419
.2057

32. 6765
.2841

.97!16

.0327

2.54311
.0848

3.5232
.0587

Grams.
10. :35311
.0707

.Xm)
.(X)

.353 i

.0354

.4298

.18 )

.6195)

.1239

.3289

.1058

.2257

.1)41

1.8(139
.0!)2

.(N)

,I)NNI

0652
.10130

.0652

.(0)6

Urms.
0.(X N

.( ) )

.(NN

.(N)

.INN0

.INN0I

.214
0523

3311
.((iti7

.53117

.1n11

.1572

.0:14

I.2829
.01141

.)994
.0199

,I NN)
.0NX)N

.0994

.(X)99



2. IIIPPURIC ACID.

Fore period.

First suhperiod:
T otal .......................
.1verage .... .............. .

Second subperiod:
To ta l.......................
Average.................

Entire fore period:
To ta l.......................
Av~e rage..................

'restratire period.

First suhperiod:
Total .......................
Ayverage ............ .......

Second so I periodi:
Totatl.. ... ... ........... '
Ave rage...................

Third suhperiod.
T otal....... ................
Average..................

Fourth vsubperiod:
Total.......................
A verage.... ... ...

Entire preervativ'e period:
Total .................... .
Average....................

After period.

First suhperiod:
Total......................
A verage....................'

Second sulhpedod(:
Total.......................
Average.................

Entire after period:
Total.......................
Average...................

7-
Grams.

2. 152.5
.4305

Grams.
6i. 3443
1. 2689

Grams.
2. 8284

. 51158

Grams.
:i. 0438

.11088

Grams.
2. 7201

5440

I I

G~ramns.
1. 9718

.:1944

Grams.
2. 4795

.4959

Grams.
li. 1321t
1.22t3ill

Grams.
2. 43105

.48t1l

1.7749 3. 190' 1.t3i9 2. 1840 1. 2908 1. :314 2.570)3 3.1279 8. 7487 2.944t11
.3551) . l400) . 3248 . 438i .2582 .2(663 .5141 .2!513 1. 7497 .5881

3.9274
.3927

5. (1493
1.1299'

9.5442 4.4527 5.2278 4.01(9 3.3032 5.0498 9.26105 11.1792 (.7211
91544 .4453 . 5228 .40111 .3303 !.5050 .92il 1. 1179 .11721

6. 7025
1. 3405

7. 8078 5. 4282
1 Mil6 1 (Nili."

10. 9346
2.18109

11.2795
2.'2559

35. 1712
1.7 ki

2.5129
.i0'2ti

5. 510ti 61. 03;1l 5. 9472 6i. 270!5
1. 1021 1.207) 1. 1894 1.'2541

7. 6192 9. 4809 7. 7701 10. O41iil1

4. 89411 i. 92158 4. 91348 7. 4529
.!1789 1. 3811 .!1!1301 1. 4!(M)

2. 727 1

12.8128 3.87107 1. 9408 ' . 8028 9.1770 110332!3
'!.M514'! . 7721 2. 3882 1. !iINi 1. 8354 2l.(!ill

1. 4!140 b. 275 i. I r
2988 1. 2550) 1.2543

1a. 7241
2.7448

1i.2411 2.2211i8 11.17111 4.9392 4.31150 5i. 9928 11.'2412
1.2482 .4454 2.23152 .9874 .86310 1. 198i 2.2482

31. 192ti 19.2073 38. 6329 28. 4598 29. 8286' 23. 94168
1.55!Ni .9ti3 1.9316 1.42311 1.4914 1.1973

4.8183
.I il7

2. 6280
.52511

33. 3851
1.111:3

* 3.071 3.2489 4.3741 2.3518 4.2816
.i112 .6491 .8748 . 47114 .8573

8. 927a 9. 9889
1.7855 1.9978

........ 2.8880)

........ .(577!1

20. 11673 26. 1)115
1.3445 1.3:01

4. 1775
.8355

3.W!29 7.8t6ti 4.:20 4.7721 4. 0612 2.71119 2.8431) 4.:1441 4.541 13
.7161i 1.5727 .8442 .9544 . 8120 . 54044 .511i88 . 8188 .9193

6.3158 12.11719 (i.8489 7.8482 7.30)91 7.07610 5.1957 8. 34)7 8.723:18
.6316 1.2672 .(1849 . 7848 .734) .707i .519i .8611 .8724

2. 9525
.5i905

Graims. Grams. Grams.
3. 7805 3. I1990 4. )211

.75il .1'398 . 8146

2.:3271) 5.27135
.45i54 1. 0553

5. 521)0 9.2996
. ;11t . 9299

Gra m) s.
1!. 1t13!

.1154

11.449
.3802

30.41t12
5078

Gra ims.
22. 14152

.7:148

24.9910
.8330

47.03112
.7839

N
7. 0953 (i. 3983 3i. 1152 37. 7. 17 0
1. 4191 1.2797 1.2038 1.2577

6i. 5i29 8.) 241 48. Ii28 31. :35510 r
1. 312(i 1 1044 1.1(1154 11 045

I 1. 7991 14. 402 58. 5367 (19. 1809
2.1598 2.8818 1.912 2.301!

4.5!1!ti 5.0713 41.1777 29.7594 Z
11:32 1.1143 1.3193 1. 190)4

311.11234 33.!Nl 902 18'2.!9124 Iti!1.1127110
L51112 1.11951 1.5249 1.4till1

N

I H
4.7888 ' .Sill1 20. I1483 23. 9091
.9578 1.0704 . 6is:3 .79711

4. IthNi 3.914til 7.01:1!19
.8211 .797:3 1.4172

7.0531 8.7751 12.:3878
.7053 .8775 1.2:188

27.4211
.!141

48. 1139
.80121

2I. 8571
.89152

5i4. 711112
.8411

a No. 9 oiitted in sununary.

C:'
Cyr

..

..



T.1Lui III.-Ercretion of the benzoic acid in the urine, Series 1'111--(1ontinuf l.

3. TOTAL IllP'1'IC AND 1BENZOIC ACIDS CALCU LATE)D TO I ENZOIC ACI I).

Individual data. SIuinuis diaries.

Period.
No. 1.

Fore period.

First subperiod:
Total.......................
Average... .............

Second subperiod:
Total.......................
A verage....................

Entire fore period:
Total.......................
Average ................... .

Preserratire period.

First subperiod:
Total.......................
Average................... .

Second subperiod:
Total...................... .
Average....................

Third subperiod:
Total.......................
A verage....................

Fourth subperiod:
Total.......................
Average................

Entire preservative period:
Total.......................
A verage .................... '

After period.

First subperiod:
Total.......................
Average....................

Second subperiod:
T otal......................
Average...................I

Grams.
1.4671

.2934

1.2343
.24t39

2.7014
.2701

4.6308
.8062

6.0011
1.'2002

7.9059
1.5812

7.9081
1.5816

25.8459
1.2923

1.7310
.341161

2. 74u;! I

.5,494

No. 2.

Grams.
2.0ti2N

.4126

2.1811
.4362

4.2439
.4244

6.0244
1.'2049

8.4172
1.6834

11.4167
2. 833

4.93 7
.99ir67

30.8420
1.5421

No. 3.

Grams.
1.9281

.3856

1.0685
.2137

2.9966i
.2997

4.5526
.9105

7.2947
1.4589

2.8173
.5635

1.9337
.3867

16.5983
.8299

No. 4.

Grams.
2.7336
.5467

1.4886
.2977

4.2222
.4222

4.5688
.9138

8.0152
1.6030

8.5206
1.7041

8.041
1.ti(4O)

29.1497
1. 475

3.128 1.9358 2.302'1
.72.2 .3872 .40

5.9%l{ 3.4908 3.21h)
1.1992 .6982 .6437

No..

Grams.
1.5920

.3184

.8798
.1760

2.4718
.2472

4.2209
.8442

7.3175
1.4635

7.0512
1.4102

3.0194
.t0:39

21. 6090
1. 0805

2.3018
.4104

3.1834
.6367

No. 6.

Grams.
1.37613
.2753

.9073
.1815

2.'2838
.'2284

4. 7412
.9482

8.3231
1.(6646

(.2532
1.2510

3.112029
.600ti

22.5'224
1.1261

3.03lil
.6I072

2.2,1il
.4512

No. 7.

Grams.
1.3797

.2759

1.7519
.3504

3.1316
.3132

3.6837
.7367

:.9404
1.1881

7.8712
1.5742

4. (6579
.9316

22. 1532
1.1076

1.6443
.3289

2.0192
.4038

No. 8. No. 9.

Grams. (; rains.
4.1800 2.0135

.8310 .4007

2.1320 5.9t;31
.42(14 1.1926

6.3120 7.9661
. 6312 .7967

7.350:1 3.6622
1.4701 .7324

9.3018 4.7443
1.8ti04 .9489

10.1441 8.26ti4
2.0288 1.6533

11.6358 .........
2.3272 ..........

38.4322 Ii.i729
1.9216 1. 1115

3.4821 3.12319
.69164 . 6252

3.:3339 3.10988
.6(668 .1198

No. 10.

Grams.
2. 9304

.5861

1.3227
.2645

4.2531
. 42+3

5. 5097
1.1019

5.09e6
1.0197

7.3373
1.41175

2.1942
.4388

20.1398
1. 0070

2.0124
.4025

2.81tN('l
.3720

No. 11.

Grams.
2.1804
.431l

1.38(1
.3172

3.76115
.371i7

5.0976
1.0195

6. 9974
1.3995

8.5730
1.71411

3.21188
S.6i)8

23. 93li
1. 1!18

3.3 'i4
.6727

2.7171
.5434

No. 12.

Grams.
2. 9337

.58ti7

3.7771
.7554

6. 7108
.6711

i. 2048
1. 0410

6.2180
1.2436

10.7243
2.1449

3. 61861
.7337

25.8157
1. 2908

3. 479
.729)

6. 7203
1.3441

Nos. 1
to 6.

Grams.
11. 1599

.372(0

i. 79 8

.2587

18.9197
.3154

28.138;
.9380

45.3188
1.5123

43.91111!
1.911451

29. 0929
.9198ii

1416.51673 
1.2214

14.9350
.4978

20.8919
.6964

Nos. 7
to 121."

Grams.
15.6077
.5203

O
16.5:329 J

.5511

32.1401 O

1.0170) tT

38.31001
1.2767

52.916 3
1. 76 9!I t

25.4253 0
1.0170

147.15016
1. 279 6

H

17.2760 .
.3759

20. 7495
.6917



Entire after period:
Total ...................... 4.4799 9. 6219 5.426it

Average.................... .440 .9t;22 .5427

Excess in preservative and
after periods over fore period. 22. 221t 27. 7322 13. 0351

Per cent recovered of amount
ingested (calculated to ben-
zoic acid)..................... (3.49 110.93 96. 56

5. 5211 5. 4832 5. 2922
.5521 .5485 .52 x

2. (X42 19. 6788 20. 9632

62.!;7 83.74 93.17

3. li63 6. 81t0 (. 2247 4. 87216 (6. 0805
.W3t14 .(16 .6225 .4873 .6081

16.4209 17.3122 .......... .. 12.2531 18.7178

5i.82 49. fl .......... (l0.06 75. 17

10. 30S2
1. 03C,8\

1(i. 05153

(14.4(1

35. 8219
.5971

38.0255
.6338

125. 6351 80. 7555

81.32 61. 41

a No. 9 omitted in sunumary.

N
O

H

Cj)



T. i : I\V.- E.ccrt iuon of bfnic.01(' acid- sopplmul'Illntal stlfudy1.

1. Illl'I'l'lIlC A1cll)-

Direct weighing of residue. Titration with /o NaoI.

OO+

II irect weighing.

1'eriodl and sample.

Fore period. Norember ?6-SO, 1907.

Daily samples:
Total.............................
A verage..........................

No. 1. No. 2. No. 3., No.4.

Grams. Grams. Grams. Grams.
6.i 30 5. 8336 4. (iti4i 5. 6644
1.3166 1.1671 .9329 1.1329

No. 5. No. 6. No. 1. No. 2. No. 3. No. 4. No. 5.

Grams.
i. 78811

1.1.76

Grans. Grams.
4.1309........
.8262 ........

Grams.

Com osited samples:
Tot al ............................ (. 1HK 5. 720 3.6090 5.2441 8. 131 4.5540 5. 1(11 4. (99

Average......................... 1.2200 1.1564 .7218 1.0488 1.0266 .9108 1.0203 .9150

Preserratire period. December 1-10.

Grams.

No. 6.

Grams. Grams. Grams.

........ ........ ........

2. 8730 3. 89i I;. 13 7
.5746 .7797 1.2279

;. f481)
.7:296

Nos. 1, Nos. 4, Nos. 1, I Nos. 4,
2, and 3.a 5, and 6.b 2, and 3." 5,and (6.n

Grams. Grans. Grams. Gras.
17.0832 15.5iN3. ................
1.13 8 1.0389 ......... ... ....

15.94110 17. 9311) 12. 5444 13. 14813
10361 1.19.41 .836.5 .91'11K - --_____ -___

First subperiod. December 1-5:
Daily samples-

Total......................... 15.4512 13.8701
Average................... 3.0902 2.77411

Composite samples-
Total 10...................... 11).I4 K I . '.131i
Average ................... 2.131N1 1.78fi

Second subperiod. December 6-10:
Daily samples-

Total ...................... 17.3096 13.8840
Average.................... 3.4619 2.7768

Composited samples-
Total 1 1......................14. . 1. 2320
Average................... .2.9114 3.0464

Entire preservative period:
Daily samples-

Total......................... 32.7608 27.7541
Average...................... 3.2761 2.7754

Composited samples-
otal......................... 2.2070 24.1630

Average ...................... 1.1117 "1.416:3

10.7576 11.9356 13.4129 10.1457 ........ ........
2.1 1.' 2.3871 2.6826 2.0291 ................

6. 8600 2. (6640 4.87311
1.3792 .5328 .9746

11.7614 11. 1209 14. 7376
2.35221 2.2242 2.9475

12.23511 111. If67l 14. 2118
2.4470 2.0134 2.84161

22.:1l8fi
2.2519

23. 0565 28. 1505
2.30)7 2.8151

19.1310 12.7310 19. 0810
1.9131 1.2731 1.9081

3. 9530 8. 891i 8. 013R 6.2346 2. 4756
.7906 1.7783 1.6028 1.2469 1.4951

4. 4607 4. 2459
.8921 .8492

11. 0287 15.6054 12.4076 9.8824 9.3945 12.8880 9.7615
2.207 3.1211 2.4815 1.9765 1.8789 2..796 1.9473

9. 368; 12. 7137 13. 45(11 11.21)18 8.:1759 12.8225 8. 4219

1.8736 2.5427 2.6900 2.2404 1.7152 2.564.1 1.(6844

21.1744. ........................................
2.1174 ........ ........ ........ ........ ..... ........

13.:3210 21.lils:3 21.4639 17.4364 11.1515 17.2832 12.fif78
1.3321 2.16015 2.1464 1.7436 1.1012 1.7283 1.26(18

41).0789 35.4942 ..... .... .........
2.6719 2.3663 .................

21. 4771 II. 49(X) 23. 14(N)
1.76 1 .76601 1.5427

42. 954(6 3(1. 8872 37. 8954
2.8636i 2.4525 2.52641'

42. 0241
2.801

83. (1335
2.7677

(18.5d111

2.2833

33. 6420
2.2428

37. 311341
2.4910

11. 1822
.7455

32. U190)
2.1346

29.8203
1.9880

72.3814 ..................
2.4127 ......... I.........

45.13311 f(1 0.5056 41.1(0251
1.5026 2.01469 1.3334

After period. December 11-24.

First subperiod. December 11-15:
Daily samples-

T otal.......................
Average....................

8.61f6(' 6.7525
1.7232 1.350."

4.8793 6.fi14 6i.(1632 5.2fi9 6. 71122 5.2181
.9759 1.330313 1.36 1.0514 1.3524 1.0436

3.4317 4.!982 ' . 179 1
.6873 .9998 1.03.58

3.119 2(.2478 18.5717 15.4171 1:3.8011
.7624 1.3498 1.2381. 1.0278 .9200

Titration.

........ ........

i I



('omposited samples .
Total ......................... 7.4.':N0 ti.273(I
Average.................. .4 Ii1 1.2.:.il

Second suhperiod, December 16-20:
laily samples-

Total......................... 5.)1S 5.4269
.Average.................... 1.109 1.0)854

('omposited samples-

Average.......................78 1.:312
Third subperiod. December 2-24:

D aily samples-
fiotal...................... 4. 5:25 :4. ' 3
Average.................... 1.1:3;31 .59.11

('om >osited samples-
Total........................2 1tt 3.:321I1
Average...................... .il2 .6642

Entire after period:
Daily samples-

total......................... 1r. 6973 15. .'97
A verage................... : 1.331 1.1

(('om>osited samples-

Average.................... 1.11015 1.1.7:3

Excess in preservative period over
fore peril-daily samples ......... 19.594. 1i.1371

Av. .rage per man .................................
Excess in preservative period over

fore period-composite samples.... 13. 0I70 12. 5990
Av rage per m an ........................ .. .....

3. i.\(0 4. 34v20 5.Ni s
.. 1 . lilol 1.116 f

3.9110 3.l9l7ti 4.926il
.7822 1.197. .9852

3.4992 5. 2964) 6.8401 5.8735i 3. 3355 4.5.95
.6998 1.052 1.:3680 1.1747 .6671 .9119

.11330 ..330 1).l9)4 5. 2914'' 3.1074 5. 4702
I.MI)4) 1.01706 1.3:391 1.01592 .621a 1.0010

3. 1)186 2. 74i9 1. 9a24
.7772 .6867 .3881

1.370l 1.349ia
.:liII .:31492

4.237I,4
.8474

I I. 4tr71 14. (943 15. 4557
.8215 1.0)19i 1.110411

10.r721 I.4010 1 .3!2n1
.762:3 .8l l 1.1800

13.184)6 11.7275

11. 9130) 2.24311

16. 5745

3.5139 3.3411 2.71)16
.878.5 .8:350 .67.15

1.4118) ' 2.6027
.2816 ..120.5

14. 6443 13. 4377
1.0162 .. 1)98

2.84(11

12. 4792
.8)11

10l.li13il 11.li97 1.4' 4
.. 82 .8:135 .1.)419

12.9124 ................

2. iS1 4.2130 11. 4023 12.3139

2. 8080 3. 173s 4. 26138
.5il6 .6:147 .538I

2. (M)5 4. 1629 4.94811
.4181 .812(1 .9896

3.1i6210 4. 016S 5;.59(07
. i:.164 . 01;4 1.11 i1

3. l4591
.6118

4.31210
.86214

4. 1158
.8211

1. 939'2 1.7341 . 6i48 1. 7589
.1848 .41135 .1737 .41397

1.2978 1.41)8 3..!943 . 88i1
.'1!6 .2816 .7189 .1772

7. 46(i4 10.8952 10. 8218 9. 8828
.513313 .7 781 .77311 .70.59

1.1515 5 8955 13. 1158 8.115111
.. 3.8:3 .61 1 .9606 ..57.>1

................. ........... .

11. 6904 3. 254 .11,~~~ 5i19 i. . .. I0042 5. 371 5

17.40!N
1.1660

14. 4749
.96,30

13. 8011 13.7217
.900Il .9148

1S. 009i
I .2)06

15.5730 17.3441
1.01 1.156:3;

9.9855
.667

12. 2596
.81713

11.2214 8.2132 7.9808
.8015 .5867 ..1701

8.231 7. 3910) i. 74(
.54913 .4927 .4098

45. 9441 4.1 7945 33.38331
1.0919 1 .4)66 .NOND9

10.4966
.6998

13. 4229
.8911

13.7133
.9142

4.1882
.'2920

5.8884
.13926

31. 5980
.7.1213

411.311110 ;45.5341 32:.7279~ 311.119y;
.9N:11 .1)17:) .7792 .7166

.. 13.I .!3 1.. ......... . ....
116.:1172 1:1.1K1 .. ....... ....--

... .... . ....... . . ...... .... .... 1 .5 0. : 13.0101 11.80)22 4.5435

a ]t eceived benzoic acid b lieceivced henzonlto of soda.

0

n
N
0?
H-
dI

J'

O

c.0

. . ....



}

TABLE IV.-- E.rcretion of benzoic arid-supplemental study-Continued.

2. IIENZOIC ACID.

Petroleum ether ext ract. Total hippuric ncid calcullated to

Period and sample.

'No.1.

Fore period, Norember 26-S0, 1907.

Daily samples: Grams.
'Total.................................... u. 3946
Average. ........................... 0789

Composited samples:
Total ........................... 1730
Average............................. .0346

Preserratire period, Dcember 1-10.

First subperiod. December 1-5:
Daily samples-

Total.................................
Average..............................

Composite samples- ,
Total.................................
Ave ra e............................. .

Second suhperod, December 6--10:
Daily samples-

T otal.................................
Average..............................

Composited samples-
Total.................................
Average............................. .

Entire preservative period:
Daily samples-

Total....... .
Average...

Composited samples-
T otal...... . . ......... .. . . ....

Average........................

Afir period, December 11-24.

First subperiod, December 11-15:
Daily samples-

T otal .......................... .....
A average .......... .... .. ...........

.4)465

. 123(1

.1405
.1281

1. l i)0
.2334

No. 2.

Grams.
0. 0841
.0168

No. 3. No. 4.

Grans.
0. 46i38
.0927

Grams.
0. 2026
.040 1

. 2110 . (1164) .0571
.04:{2 .0032 .0114

2989 . 1378 . 1829
.0598 .0276 .0366

. 1490 .0(M9) 2. 4374)
.112411 .011983 .4 i70

.1419
.0284

.'231)
.414 B2

.372 . 4303
.01373 .14)

1.'"N9(1( . 3790
.12940 .0:79

.1018
.0204

. (18161
.0)163

.1524 .491(1
.01:315 .0983

233r) . 2391
.047 .0478

.2113 . (6745

.012901 .0)675

.33411 2. 61741
.03:4 .2674

. 06185
.0137

. 0793
.01159

No. 5. No. G.

Grams.
0.3915
.0783

. 210
.0412

No. 1.

Grams. Grams.
0. 2419 4. 4570
.0484 .8914

.0480 4. 1578
.00! .83116

2129 .157'

.0406 .II115

3. 310 2.0(1
.6(10 .41:16

2249 . 0174
.04540 .(135

.3490 . 2 5l
.06984 .4150

427s . 2293
.1)427 .1224

3. lit h l
.341468

.1087
.12 17

2. 3230
.2:12:1

. 0855
.11171

1i1. 5:2s
2.11641

7.2511
1.4518

11.7983
2.3591

'. 9221
1.9844

22. 3311
2.2:3:31

17. 1811
1.7181

5. 872(
1.1745

No. 2.

Grams.
3. 2381!
.6476

3. 9411
.7882

9. 553
1.9108

6. 01874
1.4175

9. 4634
1.8927

10. 3s21
2.0764

18.9177
1.8918

11. 411951
1.6470

4. I025
.9205

No. 3.

Grams.
3. 1794
.6:59

'2. 4ri99
.11114

7. 3323' i
1.4115

4. 7003
.9401

1.011l'
1 .6032

8. 3394
1.66179

No. 4.

Grams.
4. 2424
.8485

3. 5743
.7149

8. 135,2
1.62701

1. s138
.:3828

7.5802
1.5 161

1i. hli7
l .:{455

1:. 3486 15. 7154
1.5:49 1.5715

13. 0397 8. (1755

1.3040) .81711

3. 3257 4. 5297
.6651 .94059

4.1541 G
.4Ns

3. 5831 13.8008
.71141 .921101

12. (1544

.8436

lfnzoic acid. Ilippuric acid us
henzoic acid.

No.5 No. ( Nos. 1, 2, Nos. 4, 5,5.and 3.a an 1( 6.b

Grams. Grams. Grams. GramsX. n
4.0751 2. 8156 10. 8745 11. 1331 M
.81151 .5631 .7250; .7122

i0
5. 154311 3. 1041 10. 55s7 12. 2218

1.10)87 .6208 .70:9 .8148

O

9. 1412 11.91154 27. 41!1 23. 1h73
1.828:3 1.3831 1.8280) 1.5458

3. 3214' 2. 1944 18. 0472 7. 829)
.66l4a .5380! 1.21132 .522110

H
9. 9452 I 7. 5172 29. 2778 24. 7771

1I.9890) 1.5033 I 1.9518 1 .6518
CI)

9. ( 42 6. :1852 28. (143(1 22. !311
1.93118 1.2770 1. I. NT1.27 O

19. 0814 14. 432(1 56. 5974 49. 2344 M
1.90846 1.44:33 1.8866 1.6411 y

13. 1115 !. 07911 4(i.1! NIi8 22. !)891 H
1.:3001 .9080 1.5513 .7529

- w



Composited samples-
Total............. .............
Average............. .........

Second suly riod, December 16-20:
)aily samples-

Total.................................
Average...................... .

Conposited samples -
T o ta l ............ ........ .......
Average.................

Third suhperiod, Ielrnmber 21-24:
Dailv samples

Total.. .
A verig.....................

(Compositeui .'ngle'

Tot;1l .............................
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INFLUEN('E OF FOOD PRESERVATIVES ON HEALTH.

DAILY MEDICAL AND CLINICAL NOTES.

INDIVIDUAL DATA.

"uo. 1.-( '. 11 . \".

At the opening of the fore period No. 1 was normal: recorded tem-

perature 98.40 F., pulse 72 beats per minute, weight 70.45 kilograms.
This normal condition continued throughout the first fore subperiod
with very little variation in temperature and puse, the recorded tem-

perature for the last day being 98.20 F., pulse 66, weight 71.4 kilo-
grams. The average body weight for No. 1 for this first subperiod
was 71.02 kilograms.

Ilie was also normal throughout the second fore subperiod, the
average body weight being 70.51 kilograms, and that for the entire
fore period, 70. i kilograllls.

This subject had no illness during the relaxation period and all the
vital functions, including heart action, were in normal condition.
The clinical examination of the urine (luring the fore period for No. 1
showed nothing abnormal, no albumin, no casts, the kidneys per-
forming their natural functions properly.

No. 1 started the first preservative subperiod with a temperature
of 98.40 F., pulse 72, and weight 70.5 kilograms. This condition pre-
vailed throughout the period with only slight deviations in tempera-
ture and pulse, and no sym)tolms of any nature were recorded. The
average weight for this period was 70.21 kilograms.

The same normal conditions >revailed until the last day of the sec-

Ond preservative sllperiod when the rCCorded telmll)erature was 98.8'

F., slightly higher than the previous average. The )ulse was 84, and
the weight 70 kilograms, the average weight for this subperiod heing
70.3 kilograms.

()n the first day of the third preservative suhperiol the subject's
tel)eratlre halI fallen to norimial and( his w:ei(ghit was smIew'alilt

lower, 69.2 kilo grais. Tbis coalition luI-evailed throuighlout this

sulbperiod, and ev"idenltly- the slighlt rise ini templleratulre and pulse on

the last day- of the l-eviouts siublcl"riod had no1 special signilicance.

I'le average )od- w eight fo this period wls 6 .1 8 kilognZilns.
\o. 1 collt 11Illed ill tie slulle iioriiml 0ll1di11 H lfull hroiglolit the

w1ole foiltll preservaltive silp e))ild except thllt he coulllilllned of
belly llligr for severl daw alll (l :1e1( thalt l1e (ad Iot had

etlc(i hl to (it I'rilll the )egi1l111 of t1e Xl)efiIllell, 1lt l1o 1ghi lie
rtt loll wh 1ic was at cllowell 1lii l alilolllt ed to *t,000 calories a, dLy,
wit a Vefr WHile choice o1 food. Ill fIact, all o tie Illellllefs of this
series were allowed co1lsidel)le libert " ill selectilll tleir ltilll,

Wiihl so lewlit Illor' vllail on lll ditl'lll the first fore sill)l)'rio1( llll ill
et~ies VII oll IIII)lifulrclS 1101l. Ile alerag e eigllt for tie

106?



BENZOIC ACID AND BENZOATES.

fourth preservative subperiod was 69.32 kilograms, and that for the
entire preservative periodl, 69.75 kilorams. There were no svymp-
toms during the preservative period which the subject thought
worthy to be recorded at the time; but he mentioned on several dif-
ferent occasions that, although he did not suffer fTom acute pains,
he noticed a gradual decline in strength and a general physical weak-
ness, so that at times he was scarcely able to attend to his work. The
kidneys remained normal during this period, no abnormal constitu-
ents from a clinical point of view being found in the urine.

The after period for No. 1 is characterized b a remarkable conl-
stancy both in temperature and pulse , the tellperat ure throughout
being 98.40 F. and the pulse 66 beats. The average body weight for
the first after subperiod was 69.33 kilograms, for the second subperiod,
69.41 kilograms, and for the entire after period, 69.37 kilograIs.
The feeling of hunger still persisted somewhat during this after period,
and the subject complained that he felt excessively hungr during the
entire period of observation.

There is nothing in the data as recorded by No. 1 which would indi-
cate very alarming svmltoms produced by the adlministration of the
preservative with the exception, as state(l, of the general deIpressed
feeling and weakness which was evidenced during tle time that the

greatest amount of the preservative (2.5 grams pera was givenl.
The body weight showed a slight decrease throughout.

o. !. -W. P.

The recorded temperature for No. 2 for the first fore slll)period was

9V }'., ulhlse fl )eats, and weight 70.53 kilograms. Ile ineialed in a
normItal coitlitlon throughout this sul)perio(1 with only slight vaiat Itons.

from these figures, the average bod " weight being 70.57 kilograms.
1In the second fore sul)perio(1 the recordle(d temperature on the first

(lay was 9S F., })llls' 67 beats, and weight 70.43 kilogramlls. No
al)norInal conditi10o1 were reportedly duirinlg this sulbperiod1, 1ult on thlie

last two lays there was a slight d(epressionl in the' temlperatu1ire, )7 .s-

1'. hleing recor(Ided ; the pulse, however, was normal, (in heats, and t le
weight 70.65 kilogramIlls. 11the average )ody weight for the second
fore sul)peritl wiiS 70.16 kilogramlls, and that for the tiree fore period,
70.51 kilogramii. No. 2 'xpXjerielced 50Inle illitIultv in s'lt'ctinig his
rutio anl)I (Old co Iainil Se'veral t lilies of Iot rellsluimig Ils food and of
loss of a1)pet itt'. 1 lis g('lerill a})}l'anI'auice waLs sot'wwhlit 1bltow ntormiaitl
antd he e(videltly wahs not inl first-cl1ie tutlitionl.

A1t the belin'nin;Ig oef li lIneservative i)gritml No. 2's tt'Il11neratulre

WRaS 9 o.l 0 1 ., 1115(' Wa l)'lts, 2l11( Wel~'ig it 70 1. kilotgrait .I I m' t't -

pIliledl of solr st rtIlt' , of paiists ill tit' st antateli, tlial a slight lint/-
ac'10e 1 til 1 tils de\ jwt ia i lt' resullt tif i1s l 11 111i11 dl i gi'ler l
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fore period from which he had not yet recovered. Except for these
complaints, registered on the first day, no symptoms were recorded
during the first subperiod, and his condition remained practically
the same. The average body weight for this period was 70. 35
kilograms.

On the first day of the second preservative subperiod the tem-
perature for No. 2 was 980 F., pulse 71 beats, weight 70.28 kilograms.
On the third day No. 2 complained of a burning sensation in the
stomach; the recorded temperature, pulse, and weight, however, are
practically the same as on the first day of this subperiod. No. 2
had a slight headache on the next day and on the last day com-

plained of a sour stomach which persisted during the entire after-
looln. is temperature for the last day was 98.40 F., pulse 69 beats,
ald weight 70 kilograns. The average body weight for the second
subperiod was 70.21 kilograms.

On the first day of the third preservative subperiod his tempera-
ture was 980 F., pulse 67 beats, and weight 70.05 kilograms. The
subject was feeling normal but on the second day there was a recur-
rence of the sour stomach and the headache, with a slight rise in
temperature and quickened pulse. The weight remained practically
the same. On the fourth day his temperature registered 97.80 I X,
pulse 60 beats, and weight 70 kilograms. He complailed of being
sick at the stomach, of headache, and of a general weariness. 'Th1e
nauseate(d feeling persisted the following day, acconpalnied by head-
ache and some loss of appetite. lThe recorded tenperatture on th le
last day was 08.10 F., pulse 68 beats, and weight 69.81 kilograms.
The average body weight for this suIbperiod was 70.08 kilograms.

No. 2 had a ten >erature of 98.9 1. on the first (lay of the fourth

preservative subperiod, pulse 76 beats, weight 60.21 kilograms. Ile
cOImlplamned( ol a buImmiig sensation and pains in1 thle st omnach, and
also of hetlahe and a nauseated feeling conitining fron the day
before. Ie preservative was withdlrawni after the first (lay of this
sI)period(I. On thle secol a(lt No. 2's tempnleratuere registre( 8 .,
pulse 6f beats, andI we ighlt (69.42 kilograns. Ilie still complained of
be(iinig s i(k at th1(' sit omI1a('hi al(d of a h e( adche. Thie tei wr j)('tuii ire

ant u)llse remained t lhe same fur the rest, of t lhe period, wit h1 a very
slight variatiloln in b)(dI weight. 'IT' feeling o1 welnesse enitinue}d

thlroulglolut the superior( an(d the up))etite reiniined p(oir, buLtt the
hiea(IaCh(e grliullily d1isa)ar('2(e(l. Th}Il l(''J1(lerd t(eelturltlle(b on tle

last (ay was USo I'., pulse 72 beats, amnd weight (9.75 kilogramiis.
N o. 2 reportt'(d tllt h1e wa'is feeling well on this (Iaty. Th('e lvera:1;g('

bo)(dy w%eighit for the fourth I)reservative s u )I)erio(l w a'zs (i!.5i8 kilo-
gtrlamls, alI(I fIor' tle entire preser"v alive l"eriod(, 70.06 kilograins.

'I 1(" irt t e11i Sil s ))le i (1 W s el l"ithl(t t'iie( 1 )V fl (! l d il 1 1 10u l i 0it 218s

III 1 ell l'rattlif', 0t'' i( 1111g Iloliitt 011 t, i t l ( dziv Of h 1t e I)t1 tl l(
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then falling to 980 F. on the fourth day, and again being normal on
the last day. The pulse on an average was 68 beats per minute.
The appetite improved, and on the second and third days of this
period No. 2 reported himself as being very hungry. On the fourth
day there was a slight feeling of nausea which disappeared on the
following day. The average body weight for this subperiod was
69.47 kilograms.

During the second after subperiod No. 2's temperature remained
practically constant at 980 F., the pulse averaging 69 beats. 1Ie
complained on the second and third days of having a bad taste inl his
mouth and a somewhat impaired appetite. The average body weight
for this subperiod was 69.28 kilograms, and for the entire after period
69.37 kilograms.

As is seen, there was a gradual decline in weight throughout the
period of observation. The characteristic symptoms for No. 2 were
headache accompanied by a burning sensation in the stomach, which,
as the preservative was increased, produced nausea.

No. J. -WV. F. II.

No. 3 began the fore period with a temperature of 99.10 F., pulse
90 beats, and body weight 64.3 kilograms. This high temperature
and pulse must have been due to some irrelevant circumstance, as
on the succeeding days of this subperiod his temperature and pulse
were normal, and on the last day the recorded temperature was
98.40 F., pulse 72 beats, and weight 64.35 kilograms. The average
body weight for the first fore subperiod was 64.13 kilograms. All
the body functions of No. 3 were in normal condition, as was shown
by the clinical examination.

In the second fore sllperiod the subject reportedly himself in good
condit ion the (lt ire tue. 1 is heart action was normal and he had
had no sickness during the relixat ion period.

On tlie first an 1 secon(l (ays of tlie first preservative subperiod
hel( r'e('t)Ide' tIl i)(I jeratl ( \iii re wa ) l 1' . anll (I ) I'0 F. , a mll thelt' 1lse~l

85 and 78 )eats, respect ively. ()n the tirdl(1 ill flourtl daiiVS the

trIiperatuire fa1(i 1)ule' were Iortilal, while o l the last day the recOI'(t'(l
t(illpfeiatle Wils )o I' ., j)11 Ise 84 hels, a1ndl welit 64.45 kilogramins.
'1le t' eragl'l W e il it 1o ( 11' tli i sili peI rlo(l was ti-4.ti kilogramliis.

ill' te(llj)e'atil( 11 oh th first &InY of tlie 1 EeoIltl 00I''s1) 'f itliVe sill)-

perio( wa r11 0 0 1, 1)11 t t 1 Stl l et 1))I't( I'(l t1 1 1l lint d p isse
rest less Illlit . 1o ot 1' sVI'ptollls were recorded ut 111 1!e lati day
of th 1 l8riofld Wli le r p)orted t Ili le had a lfI'iliU selist io1 iI
the esoJplhiagus anti I it of thle stom chIi whliich pe'sistlet ill da\. Ilil

record l(' a 2s 1 ((1o '. . tilie liIse as )() beats, andI the we igilt as 64 .4

kilogramins. The average bod\ t weight for tis subperiod was 64.62
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kilograms, which was practically the same as the weight for the first
preservative subperiod.

During the third preservative subperiod the high temperature still
coltinucd, 100.20 F. being registered on the first day, pulse 94 beats,
hod- weight 63.75 kilograms. No. 3 complained of having a head-
ache, indigestion accompanied by severe heartburn, and of tiring
easily, also of poor appetite. ie was unable to eat his full ration at
dinner on this day, and the administration of the preservative was
discontinued. The high temperature continued throughout the rest
of the period. The same symptoms, that is, pains in the stomach, a
feeling of weakness or faintness accompanied by- nausea, headache
anld dizziness, and churning sensations in the throat and esophagus,
were manifest on the next two days, diminishing somewhat on the last
day; but the subject still complained of a slight touch of indigestion.

On the first three days of the fourth preservative subperio(d the
temperature was somewhat high, the pulse gradually approaching
normal. The average weight for the period was 6:3.58 kilograms, wlich
shows a slight gain over the weight of the third preservative sub-
period. The average body weight for the entire preservative period
was 64.04 kilograms, a loss of nearly 0.2 kilogram as compared with
that of the fore period.

On the first day of the after period No. 3 complained of a slight
headache, a feeling of dizziness, and a disagreeable sensation in the
stomach. His temperature was 98.4 F., pulse 74 heats, and hod
weight 63.8 kilograms. No abnormal conditions obtained during the
remainder of this subperiod. The body- weight showed a slight
increase, the average for the first after subperiod being 63.95 kilo-
grain1s.

Normal temperature and pulse were recorded throughout the five

(lays of the second after suhperiod. The only symptom wlich per-
sisted up to this tile was the had taste in the mouth. On the first
dlay No. 3: reported that he was hungry. The average body weight
for the subprio1 was 63.5 ilograms, while that for the entire after

p)(riod 'was 6:3.77 kilograms, still o ig a gradllal loss of weight,
which'1 lis ne(arly 0).3 kil1ograml l('ss than1 the( ave'(rage of thel precse'irative

peo.od V).- .W I

No. 1 of t his series, who r(l>Iaed the original No. .1 of Series II,
)('g 11til i( ~ r 10 (0 0 ) 1( W«',' t hlly 211bfil"1llll('tllolls ill D~oIIllal) Cl' l(lIt loll.

l le ever h l l mld 1l211 2111- s'Illls liess, his fallllly liistor" 'Was goo(, is

Iile f t li t l0 11 011ill21, 2111(1 ll ll )y( ' Illilct lols l))U &irellItl (l1i-

clilf'!('(l 1l1l it l)('f1{(et It' lie:ll l 1i 2 Il illler. I'1' teIl' l)ertt 1tilf l 2 1 11( s

W oeie IloriiiiIlll ( t ull1 1011 t i I t(e Xc (lutloll of the first d21,', 1'he the
I(IllJ)erIt liff wals si g ht 1I 11g 1'. flie l)O(IV we tl 1 111 Ile last ( ly of
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the subperiod w-as 58.52 kilograms, the average for the entire subperiod
being 58.89 kilograms.

This same normal condition prevailed (luring the first and second
days of the second fore suhperiod, but on the third day a temperature
of 99.20 F. was recorded. There evidently existed a slightly febrile
condition at this time, as the temperature on the following day was
slightly above normal. The temperature and pulse for the last day
were 98.60 F., and 90, respectively, and the boly- weight was 57.6
kilograms. The average body weight for this period was 57.92 kilo-
grams, that for the entire fore period being 58.41 kilograms. The
clinical examination of the urine for No. 4 during the fore period
showed nothing abnormal, the kidneys performing their functions
properly.

The temperature and pulse were normal during the first preserva-
tive subperiod with the exception of the first and last days, when a

slightly higher temperature was recorded. The body weight, for the
last day was 58.05 kilograms. The average body weiglht for the
entire subperiod was 58.02 kilograms. No. 4 reported himself through-
out the subperiod as feeling in good condition.

There were no striking svl]mptoms during the second preservative
sllbperio(d in the case of No. 4, although a recurrence of the high tem-
perature on t wo (lays of the period, preceded and followed in each case
by a normal con(lition. was lote(l. There was a complaint, however
on the second day of a slightly uncolfortable feeling in the stomach
which disappeared (luring the succeeding davs of the subperio(l. The
average b1oudy weight for this sulbl period was 58.26 kilograms.

At t lie beginning of t lie t hlird Ipreservative suhperiod, No. 4's ten-

peralt ure was 99 F., pulse 78 1 eats, and weight 57.8 kilogramiis. I1e
rel)orte(l (luring tlte aftei'nooi of t le first day that lie suffered front aI
acute pl1Il, actcolllpailled b t a brning sensation i1 the stomacll,
which cOntinl(I, however, only for a1 few hours ill t 1l afternoon.
The tellll)ertilre fur tf le nex day wls still sllewhat ig1, !98.0 F.
being recordleid, puzls(' 72 heats, and boy wiht ss.:.i kilorgraims. The
t('Illperat lire alld )l 0 s1 f o l lie II1aill ' o f t 1l(e 1J)(I(O l Wer 11o 11111,

and the body weight 11 the last day was ai.:. kilograns. TIhere had
been 110 i l'e fil''t'If of lie svlllj)tIolls 1 tX'J)erlIlt('d l>on the irst dly,
and the average body weight for t his sul))('rio d was 58.17 kilograms.
On the first day of the fourth l)Ieservat ive sublI)eriol No. 4 re)orted

that he had acute pains ill tlte stolacl and evidlentlv x )erienced
soIlle Ill(iges ilol. Il a)))t1ile, olweve, was 110ot Illj)ailfd. lThe
recordetl telipert lire fo0r this day wals ' J V., )ule 72 heats, and
weilt .5 kilograuis. This igh teni>enat ure conlit iled on t le next
(IZI, })ulse a nd il ei l1t being j)frilt it'll v I l1e s2ne. (Oll i t third ui'

lie rfl)orted 2L soilr stulllial 1n1 a dull1 haclic 1whi1h 1persisted frol
the dinner of t hie j)Incelinlhg day thIlroughiout this day. 'he sameic
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symptoms continued (>n the followin, dlay, and on the last day of the
period he suffered from pains in the stomach, a constant dull head-
ache, and a loss of appetite. The temperature and pulse for this day
were 99.20 F., and 78 beats, respectively, while his weight was 58.13
kilograms. The average bo(y weight for this subperiod was 58.1 kilo-
grams, that for the entire preservative period being 58.14 kilograms
showing a. loss of 0.27 kilogram from the average weight of the fore
period.

On the first day of the after period the pain in the stomach per-
sisted and the recorded temperature and pulse were 98.80 F., and 72
beats, respectively. The only abnormal sym>tol for the remainder
of the first subperiod was a slightly increased temperature which per-
sisted until the last day, when it returned to normal, 98.6 F. The
weight for this day was 58.1 kilograms, and the average body weight
for the subperiod, 58.22 kilograms.

The second after subperiod was characterized by a slightly increased
temlperature, the pulse a little above normal, and the average body
weigllt, 58.11 kilograms. The body weight for the entire after period
averaged 58.17 kilograms, being practically the same as that of the

preservative period. There were no symptoms whatever during this
last after subperiod1.

The characteristic symptoms for this subject (luring the preservative

period were pallns in the abdominal region, a (lull headache, some loss
of a petite, slight indigestion, anse, as was reported (luring the time of
observation, a general feeling of weakness which was so marked as
almost to incapacitate him at times for his work.

N o.. .- ('.'

This subject passed through the relaxation 1erio el without anly sick-

ness. The heart nt( ion anI all the other vital functions were normal.
No. 5 began the first fore suhperioed with a tenlperature 98.40 1g'., )ulse
!)() beats, by weight 51.43 kilograms. All bdily functions at the

lher illniwilir of this series were Iormilal. The clinical examiiination of t lie
1riI(' slowed it t b 1)e niormiial, and t he sll)ject passed tIhIroughl t lhe

relxtiat lll peio( Wit laio a11 (list il}c11 WOf Iv of IlleIlt iol. This

colldit ion cali i111l t liroiglit e first (fore O sul)eriold, on t lie Ilst

dI i f Wi 1 ic1 11i I ei liiperitirle las 98U.(0 1 ., 1)ulse 82 h eats, a l 1 weight
5 1.24 kilogramiis. The average bo dl we ight for th lis slbperio(1 wtls

5 1 .5 kil ogIras.

The saile niorial condition j)revaiiledl throtghoit the second fore

silbp)er'io(d, tlie telli)ealtutire 1Feiininllg (uit e ntijI'irnl anldC tlie pul)lse

show(\\ilig verx' slight fluicttuations fromh clay t dlay. The average body-
w('ight fo r t his sutblrioad was 51.23 kilograms, aond for the entire fore

p)(riod 1 .:i kilogramus.
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At the beginning of the first preservative subperiol the temperature
and1 pulse of No. 5 were 08.40 F., antl 80 eats, respectively, while the
body weight was 51.44 kilograms. le was normal on the second
lay, but on the thlirdl (lay reported a slight lea(Iaclle in the afternoon;

no increase of either tenl)erature or pulse, however, was notedI. The
headache continuel (luring the following (lay acomplJ)aniel ly a slight
turnin r in the stconach antI the throat for a few minutes after break-

fast. No increase in either temperature or pulse, however, was
recor(le(1. On the last (lay the telll)erature was norUIal, pulse 88

)eats, an( o(d weihlit ) l kilogrrams. No sV11 1)tm111 of any kind
were reported on this dlav an(' the subject stated that he felt well.

1T average hotly weight for this 1ubperio(dI was ;51.08 kilogramiis.
11e recortletd telm >erature for No. 5 on the Iirst dayv of the se('oInl

preserv-ativ-e superior( was 0S.60 F., pllse 88 heats, anti b)odV weight
51 kilograms. le com)lained( lurinllg the (lay oi a hurning sensation

in the throat and ha(1 felt very la(ly (luring the night. On the next
(lay le hat s l1)ltollls wh11ich intlictetl slight unhgestion. I hose dis-
appeare I, hvever, o1n the following (Ia v, an(i a s11all increase l01 1 ill

temperature ant! pulse wVas noted. Ilis codl(itioI \w"aS n1orImilal oI the
fu1'tl (aX, iut oI tile last (ay" (i fi le subhl)e1lod the sVml11)tonis olf

lidigest ion recuirret. Ilis teiml)eratutire anid )ulse, however, were nor-
nial, and t lie body weight was 50.8 kilogram s, the average weight for

the sulperiod being 50.97 kilogramiis.
No. :) relportedI that he elt well at the begilning of the thir1 1re-

servative sllerio(dI. ()n the nlext dla\", however, a >1 igl h rise in
tem peratullre an( Iu)llse was nlote(d, and lie comlained I of >evero'

pains in the stummiach (luring the night, accomI)allied1 by headache
!1i1l1 a go2lefill ieelll of I1alae. _, Yery 0le( Ie( r111aIse n111 lpe-

tilte was note(1\ wih(1 was not satisfied at Ieal t limes. ( )n t le fol-
(owgll (l\ 1 11s pls5e a(1 tell1f)fIattire sill relllillle sollleWlit

11 r 1 halil 11( 1111 11 1 ai! 11e ('X1)e'elicetl s )lIf pailll i ll ti t1e 1 1.
After hre;Ikfast he was stdlldlently taken wilt Inausea arl(I von iit ing.

The teplll))tipel i tre for1 lie 1e lt Wla\ws Ilofiiial. 'I'1' t1l)ject, how-
eve', r)p( lltI i 1hat liead Ia light 1e(ace 1a tlld l1( lt gIIierall vllls-

('ral)1 , t e111' fe'1111I lilt nse lillr r 111 11i111111 i Il . e 10 i10 t ( t lis

t('lll))I'I:itlfI W ls sti mi i oIllia, tIe 1 )Il . 0' .l lt 1 c Illreasted, ntl th le

fe('linig to1f huniiger persisted togetlier withIi tle gnt'itral fe('linIg of lailaii e.

The average htd lv weight for this Suhlperi'iod1 wa> 50.59 kilogramts, a
los Of Ileatrl\ 0.-1 kilognai ll a :S '1r1)ueaI1tl wit h tilt' >r()'t'eelinig ';ub-

1t'f('lfiliviet' suljlerild H ( I"' ll , ti. lld l n beats riff 11111111',
r~el)ti iv"elv, \\ith a hol weight of 50.1 kilograms. 'h' stlbj('ct

rel)o frtel hilullself al f: ini g ll 'll hlt 111V r1 luill f . (11 ti ' fI lt \ Illg

(liv 11 slight 1'ist' ill teull'efil tire WIlS Illted. .No. 5 reporIted tha1t1 titer

23360 thull. SI, pt -1 O- 3
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meals he had a dIecidedly nauseated sensation for a few hours. Fear-

ing a recurrence of the nausea and vomiting, the preservative was
withdrawn at this point. On the following day his temperature
and pulse were normal but the sul)ject still complained of a feeling
of hunger and pains in the side. On the last two days there were

no sI 1)toIms recorded an(1 the temllperature an( pulse continued
normal. The body weight on the last day was 50.25 kilograms, that
for the fourth subperiod 50.28 kilograms-again a loss of a little over

0.3 kilogram as compared with the prece(iing subperiod-and that
for the entire preservative period, 50.73 kilograms-nearly 0.7
kilogram less than the average weight of the fore period.

IIn the first after subperiod the temperature and pulse were normal
throughout, biut a few symptoms, such as hunger and pain in the
1ack, were noted on three dliflerent occasions. The average body
weight for this su)period was 50.33 kilograms.

On the first two days of the second after subperiod No. 5 still had a
feeling of huInger ; the temperature an( pulse, however, remained nor-

Imlal throughout. The body weight on the last day of this subperiod
was 50.63 kilograms, temperature and pulse 98.40 F., and 86 beats,
respect ivelv. The average bod V weight was 50.56 kilorraml, show-
ing a slight gain over that of the first after subperiod. The average
weight for the entire after period was 50.45 kilograms.

The characteristic syIllptoms developed by this subject during
the observation, as note(l, are a burning sensation in the esophagus

an1 aiIllentalry 81Calal, 11ec1(11eE, 11n1 later, as the prese'vative was
increased, a nalseated fee illg which Ca11e on1 su((lelnly anl on1 oe
day relllte( in vomiting. 1110 preservtivle WHs (ljjnd11111111e10( o11 t1ilS

occas11, hiut whell It Was aalall 111Ineae( 11 hil usearet lllled anld

the preservative was withdrawn ent irel". 'he slb1ject complained

of a feeling of hunger rom this time on lunt il well into the after period.

No. G.-L. Mf. S.

No. 6 entere(I tlie period of observation in good con(Iition, having
h12a( Ino illness (d1in g th1 relaxation e) r i)('mlo()I, 11111 his h iea rt 1 (tion was

Iormlial. The recor(Idd( t lin)I'Ut > tu'e alid 1)ll1s(' for thE first day of the

for) periodI were 9N .50 IF., and !7, res)ectiv('ly, Vwithl a h(Iv weight of

59.!) kilograinis. lhe su1)bject wininln('(I 1o'1al thr)llgllOluh t the first

ubl 1)Criod , at tIhle en( of which le weigledI 5!)..4 kilogramiis. The

average e weight for 1he suluriml was 50.( kilograms.
1 duringg t le second fore sbil)elrio(I lle subliject remllined ill good

Cillit iun ; his Id(uI)dflt lurII ol tlhe Inlst clay wa 9S.3" F., plse 72
heats, lO(IV w eight .,o kilogramllls. 'lhe body weight for this sllb-

l,'rio(I average 59.26( kilogrami1s, 11111 for the entire fore period, 5c.)-.13
kilogramis.
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INFLUENCE OF FOOD PRESERYIATIVES ON HEALTH.

In the fourth sul)eriod1 nlo 1)I'eser'vative was administered. x)n the
first day the subject's telll)erature was 990 F., )ulse 79, and body
weight 5S.55 kilograms. i1e COmplainled( ol headache, nausea, and a
tou(h of il(dig"eStion, alSo a (1r1, parceled feeling in the throat. lis
teml)erature and pulse were norImual oii the following day, but a loss
of appetite was reported; otherwise he felt very well. The normal

tell)eratllre and Pulse continue( throughout the reimiainider of this

sul)eriod, the subject feeling well with the exception of a loss of
appetite. The body weight on the last day was 58.25 kilograms,
while for the su1hperiod it averaged 58.4 kilograns, and for the entire
preservative 1)eriod ss.s3 kilograms, showing a decrease of 0.6 kilo-
grain frout the average of the fore period.

The first day of the after period a teml)erature of 9N.Go F., 1)ulse 78

heats, and body weight 58.55 kilogzrams were recorded. The subject
coIplailled of a d p11r(hed feeling in his throat which, however,

was not noted on the succeed(ing d(ays when temperature and pulse,
also, reiialined Iorimal. Tlhe body weiglht onl the last day was 58.4

kilo gramlis and the average for the Sluhpeiod 5e.47 kilogram, pra(-

ti(all- the same as that for the last preservative sllhperiod.
No. ( wals illder O)bservTtiTil Otlilv tlree (lays 111 tile Sec011d atifer

SlIbpeiO(1. I 1s tell)erIttlfre al(1 lse WT 110we1111 Wl ltll 11wt Sll)-

tols of any kind, the subject recording that he felt ini goo(d conditions.
Ile average weight for this suhp)erio(d was 58.44 kilograms and that
for the eI 1r1e after 1)eliod 58.46 ki oraints.

The (hlllteristic SV mp11)toIm1S (evelo)e(d by No. 6 (lurilng the )eriOd

111 w11 1t11 preservatle wals a(hllllistered were I111(acl10, in11111g

Ill the ealrs, ligi t il(ligestioll, ifiiitit((I lelillg ill the throat ild

eSO1)l1US, ill(1 I11Usell.

No. '7. - .1. N. B.

li 11s Stb1 '(ct Was t leat 1 21 cti '('llile o lt e 11 Illellll)Te S of 11s

series, alll 1is 1('C01(l('(l ( ls( t t 1lil were s11I)Ieete(l to t lie c1osst

stil t 11 V. l I(' hIa(1 a. Ye V V Ii(1 111111/111:1t 1011 1(1 t lli 1lelst ('l (111(l

t ( 1)zi os 1 ll V I'ou( ) s l imie l )hi lli s '1 iV X111, lit .10 I '., AIl t
8.1 )('uts, 2i11( t lIe l)0(lV We(ilhIt 70.1 kilognitas. Ile m1it5 Iii excellent

1) I'i E ('c 0Illl l 1 11( lll . ' 111( I(' ti 'll o I rll OW ' i lll) 1ft life'(( f1'('(". 5 le('(le(l ill (I'1"' "II. [l Icl la i Ittifut~tllV- low 'ttiit'frlt 111

I1 l ull llrui111oi t i 1 i )ubIriodl . pul s 1 il l 1 It (rl hl)Ul\' w(' ig It 70.15 kilo-

I'lins ol0 I l e lst ( vi . I'he iv('rlgP( c ) ( v leigh t for I le sll)perul)(1

'I'1c t(illljH'r ll if ll' 01' I1111111( :Il itaniaIlll ( c l fi'llip t 10( "(001t1 I(Orc Nill )-

)PfI~ l 1l 11 11e pI It ( W ils Ilofilltl. 'I1c 10 )cOtl@ W-eil 11 011 il( 10 21 t ( lly
o f thIi l ( riml was1 70t kilogramst~t, th It'Itverag~e for thIe stal)eriucl i U.O

kilograIIs, ani1d t ha21t for tle entire fore period d 70.u kilograms.
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PENZOIC ACID AND BENZOATES. 1073

At the beginning of the preservative period No. 7 ha(1 a tempera-
ture of 9S.3 F., pulse 72, and body weight 69.63 kiloramls, the tenm-
perature and pulse remaining normal throughout the first subperiod.
The recorded weight for the last day was GS.: kilograms, the average
for the entire suhperiod being 69.8 kilograms.

The continued subnormal temperature was noted at the begilnnlilg
of the second preservative subperiod1, pulse normal, and bodlv weight
69.9 kilograms. Temperature and pulse were normal on the tllir(d
day, but the subject complained of (irowsines. _A touh of in(iges-
tion was noted on the next day: temperature and pulse, however,
continued normal. No svmI>toms were recorde(1 on the last (lay, the
subject closing the secon(1 sulbperio(d with a temlperat ure of 98.70' .,
pulse 78 heats, and hoadV weight G.8 kilograms. The average bo(y

weight for this subperiod was 69.84 kilograms, a slight increase as
coml)are(l with the average weight of the first preservative sub-
period.

In the third preservative subperiod the temperature and pulse
showed a slight variation, but not enough to be consi(lered abnormal.

Slight indigestion and a feeling of nervousness are reported but no

other sym1 1)tols worthy of note (during the Ineln(in(er of the sul)perio(l.
The body weight on he last (lay was 69.4 kilogramns and the average
weight flr the superior( 69.49 kilograms.

lle reco)rlel teml)erature for No. 7 on the first (lay of the fourth
preservative subiiperiold was 98.40 I'., pulse 78 heats, h)ady- weight 68.9
kilograms. Tlemlperatutre and I pulse were normal on tlie secon( a",

but the subject rel)orted that he was taken sick inmedliately after
luncheo11. On the following (lay the recorlel teml)erature was
slightly V suibl)IorIiual , the pulse 90 heats, and hOly weight 69.45 kilo-
graIns. There was a decided loss of appetite which ('ont inued I during
tilie fo 11l)llig t w() days, aom)inpI)anid(1 on tlie last 11a b1 ) general

1atslfth l . l(l0 ''1 1111'0 111illl(l )U l'I'W'ff 80 '11111 1 (lf iller t(lils" tll e llt'.11

the recor(le(I ha1dyl weight for the last day was i9.05 kilograms, tlie
aer'afge welit for tle 1latst shperiod )e1ilg 690.28 ilo& rllns 111(1 lt

f I 1 1(' 1111't I )' ses rvIlati e iWrl(t ) (1 i .6 1 1 1 1 rflillis, ll \wlllg at 1 s ( tOf

IleI'l 0.5 kilogranix ass w)1npalretl wi lll tle average weilhit ot the fore

)rlt . N 1 1)Isefv t ilye WRs g1l ll . t). 7 after le (lelo e i alistl.

I e 1 '111 er til ifre ill Ile 111f 1i s 11 1 ) Pe( t' e 110'11111 10I 011ii ) laid

t 1e fist after 11l))piloat1(l le 10 )0(1 V weirlt ll n 1 st di\" lwils
69.25 kilograimts. N1 st ult oiu of 1111 (lut rlre were recordIedl w1it Ih
I lie lXc'\ )11 O))ll 11 ll lt0sll(' feelg of 111111tilise il 11 Ie t 11 da . Ih1

afferige l)o(IV -W'i;lit f10r tIlis 5111hlll ))Ofl WSil h9.:;t kilograinits.
'llt 10 ('Ill1 '11 lf th Off lillr. t le sl0011(Ilt l i t ' sillhli ' 1ri Wi'ls sl ill'-

\' Il 1 1 )lIl 'ri'la 1 lifuIl~ll t , jilse r1u1111, 1ti( hodt ' wel it W l 11 t ll1

iLasts (.i 60.7i lkilllhs. IIle0'0 W1t'I'e lt) S IljtO llls Otf illy litltllife
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INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

recorded and the subject had r(egained his normal condition. The
average bodv weight for the last subperioud was 69.17 kilograms,
practically the same weight as was recor(le(d for the last preserv-ative
subperiod, but there is a decrease of 0.33 kilogram comparing the
averages fur the entire preservative and after periods.

No. (.- i. U'. L.

This subject was b1) far the most regular in his habits and paid the
strictest attention to detail 01 all the inilln)ers of the table. As is
mentioned in the medical data for Series VII (Part III of Bulletin 84),
he had certain i(ios-ncracles Which would make a stl(l of his meta-
belic processes somewhat different from that of the other members.
Ie regularly took a prescribed laxative throughout this experiment t

and (rank large quantities of water (Iuringr the day, as well as at meal
tunes. Ie ha(1 a very vivid imagination and some of the symptoms
which he noted were entirely irrelevant, requiring considerable
analysis before credit could be given them.

Ie entered the fore period with a temperature of 98.40 F., pulse
68 beats, and a body weight of (1.65 kilograms. His temperature

was slightly subnormal on two days during the sublperiod, pulse
normal throughout, and recorded body weight 61.42 kilograns on the
last (lay. l1 1I had suffere(l flo sickness of any nature (luring the
relaxation periO( an(l entered tle exlj)rinlient ini excellent condition.

Ilis average weight for this sul)erio(d was 61.59 kilograms.
Ie0 was nonnal throughout t be secon(ld fore subperiod with 1 the

excepti(ol Of a slight hleadache on the last d11av, probably due to excite-
Illellt a (I ) il e xailllllat 11)l w"111 i 1 le(' a 11u11 111( 110 t1 1 ( av

before. I 1s average W eig1t for t le secO(n fore sull)eri(l was 61.08

kilograls and that for the entire fore peril 61.33 kilograns.
N(. 8 entered t Ile preservat ive period ( wit hl a. ten perat ure of )S8.50 1'.,

pulse 67, and(I ady weiglhit 60.9 k1ilo)gramns. Ilis temInperatuI'e throun))lgh-
01t tilte 1 irst s11)I)eI'1(l Was sl11 1t I s )11ioInal, l)lie 1 11i1al w1 I1

5011W1 vailatlonl, alld ho(I Wl11 )11 ti t last day 60.5 kilograints. No
sVIllI)tillls Of ail Ilatlre (We I'' or(leId I ha llal ani )aifllr o1I 11e

Work. 'Tle average weiglt for t his silllperiol was 60.7 I kiletgranits.
)II t Ii' first (lay of 1 l1( Se8(0011 )('s(l'UIf ilV sl1I1 l)erio(l th10 t('ill)fe'-

I I(' npIi)Ininl'(! on h d1ay of ti lhlt f(e(eling of )l jlimligrest 1')inII loose-

11'ss of l) owes. (O)l I l i f li (IllV it e1 (r fii al) it(' (Iilal t ItY of

'lPt (' 1 11( i les( SVlil j)oll0111 d isal)l)ear'l is 1 Cillp(fl'atlf' 1t 11(1 I)ll ls e

W1'(1 11 11 I' l . 1 ) II il(' lift i t' I Ia l11i I (illj)('filt lIi '1 as sWlil t 1l s11)-

I1I' llil ill 1ol t I le ' I 1I l lit ( Colli)lac1 11i ls illhldw ef il l I llnig ll if-

al)l f ('ll! ill t 111 ' t 10 It)11111 l1. 'll1 )(' I'2 ti II ;ll Ij)1 l P O Il tIlt 1 10 O llly

dILl W1'(r'l 1 lf llil, t 1l( I)il11 ll 11 0l stllute ('1, Il( W OVOFl', ("o li11111111l ( IllllI y
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the night and the last day of the subperiod when the temperature
recorded was 98.30 F., pulse 60, and body weight 60.8 kilograms.
The average weight for this subperiod was 60.91 kilograms, a slight
increase as compared with the preceding one.

On the first (lay of the third preservative subperiod the tempera-
ture and pulse recorded were normal and the body weight 60.2 kilo-
grams. The subject complained of a restless night and a slight pain in
the stomach which still continued in the morning. The temperature
and pulse on the fourth day were normal and the pain in the stomach
previously noted had disappeared, but he experienced a slightl-
nauseated feeling in the afternoon and did not relish his meals. Ilow-
ever, later in the day, le developed a feeling of hunger. I us tempera-
ture on the last day of this subperiol was slightly subnormal, pulse
normal, and body weight 60.4 kilograms. ie complained of a slight
headache after luncheon and developed quite a strong nauseated feel-
ing after dinner. His average weight for the slbperio(d was 60.36
kilograms, a loss of 0.33 kilogram as compared with that of the second
subperiod1.

On the first day of the fourth preservative sulbperiod the sulbject'5
temperature and( pulse were 98.4 F., and 635 beats, respectively, andl
the body weight 59.8 kilograms. Ile reported that he had not slept
w-ell the previous night and had a slight headache during the day, with
some pain in the stomach. The following day he again complllained of
a slight headache during the afternoon and a feeling of weakness. A
slight pain ii the stolmlach i was also not(edI julst before 1(inner on this

day. I Is temlpieratllre for the t hir( dI(lay of this su wll)rid(I was 98.80 I.,

with pulse normal, blt he still coliplainel of a slight headache and
weakness. Altloulglh his rat ions seemed a little large at this tulle, lie
eXpfielce(1 11no dl 11lll t Il (at ing t hel. A feelllg of (lr)isleSS was

lote(d (luring the aftenIoonl of each dlay of this sullbperiod. )n the

fourth lday his teplllp)eratul re aniid us1)11e were n( orm u alI, a itgllgh a slight
hiealdache andcl a Ilark('d feeling of weakness were n1otel. Also a feeling
of htnliger eveloped 1i t he( aft r'I'Inoonl which as2l a1 ('C(mIinpanlled l at inter-

vals )e slight nausea. Thie recorded teilJ)eratu1ire for tlie lIst tday of

the subpriml was UN F.. .pulse (2, holy- weight (i(60.5 kilograms.
Ihe subject repoJrted t hat he felt very weak during this and the pre-

violls dlaV. Ilis average weight for t hi subpJ)eriod was 60.1l kilo-
grains, a (ldirase of 0.22 kilogramll Ifroli thel( averaI'le of thlie preceding

subperiod. Ile average wV"eigh1t for t le entire )r'('serv1t ive period was
60.54 kilOgraIlls, r'lp)resint in g 21 loss of (. kIlogru ali s co l h'tl Irtd w l
the fore p)r'I'lol.

:11 ail V sis 2111 ll I ill ti of i l "Ill')i ll S d 'v"loj' lI lt . 0. ,

(llilg til 1i pe lotd show tlaW ( 1le 101I wi00t( I1 lildil i10, slli t 1)f151 1 Ill

the stolili 1 lt voluolls tllnes, .Illked fEelilng of weakness. and

sligll Ilitillca Wvhilll Wuls lot iCoil I) IC S f V1111t durnifig t lie last pre-
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INFLUENCE OF POOD PRESERVATIVES ON HEALTH.

servative subperiod, in which the highest amount of preservative was
given, namely, 2.5 grains per day. This record accords with the
svmlptoms noted by Nos. 1 and 4, who developed the same feeling of
weakness when this amount of preservative was given. It might he
well to mention here that No. 8, although physically the weakest
nieInlher of the class, had in this observation as well as in Series \I and
VII taken the entire amount of preservative during the whole series.
Although he developed the same symptoms as the other members of
tle class, his general appearance at the end of each observation was by
far better than that of any other member who took the same amount

of preservative, or even less. This mar well be ascribed, as was sug-
gested before, to the large amount of water which he drank, and this
should be taken into consideration in studying the data for this subject.

Thie temperature for No. 8 at the beginning of the after period w-as
qIuite subnormal, pulse normal, and body weight 60.05 kilograms. He
reported a slight improvement in his condition over that of the pre-
vious day, but was still weak. The same condition prevailed on the
second day, the subject reporting that he felt quite weak, but other-
wise in good condition. The weakness and malaise continued on the
third day, the temperature and pulse, however, being normal. The
temperature and pulse continued normal on the following day, the sub-
ject reporting that he felt considerably better. On the last day of this
subperiol the temperature for No. 8 was 98.70 F., pulse 75 beats, body
weight 59.3 kilograms. The subject reported that le slept poorlY dur-
ing the night and awoke with a headache, but felt fairly well during the
day. lie also reported a slight hieadlache and nausea iniunediately after
dinner, and the sy mptoms of a slight cold. The average weight for
this first subleriod was 59.93 kilograms, which shows a slight loss as
compared withr the last preservative subperiol, and a decrease of 0.61
kilograrmm frorm the average of the entire preservative period.

(nt I he first day of the second after subperiod the temperature was
normal, pulse slighrtly above normal, and body weight 59.45 kilo-
grans. The subject reported that he felt very well. ()n the follow ing
day time tellr)erat rf n r11 ls)( wP ere orI i al, Milt lie coil laied of Iry-
Itg la( a slight Iea ld:1c1 d urig f le IpreVious nigt rI1d f1reoon.

~I'ill)(fr l lft u 1e1( Il) Wulseb 1r1 1oru al o11I ie last t luree 1laYs of I IsSub1)-
periol anrd tie subject reported himself' as feeling all right.

No. '. paS( l 1h011rgl ie iela0r Itior ferio(1 x'ltlloll tro(W1ile of

11 ofr t 11(1( Wal s ill ('N. llei colldlit inr at i )e l eg11im ig of f ie

1i rr lie firs t fore sriric~'iid tIrle terIlleral ire rinl Itulse w"ere umorrunml
I flrr"'ortlgh 1 , a11(l I be ud( eiglrt ori l tile lat dly W as (K?.1 kilograinis,
the 10aVerage I". ii f rem1 01t0 11 )l)l I ( )( ll I)(ilg ( I .79 kilograns.
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BENZOI( AC'ID ANI) BE1;NZOATES.

in his throat still remained. IeImpl)erature an(1 ulse were normal on
the second and third (lays of this subperio(l, but a slillt hea(laclle
was note(d on the third and fourth (lays. The temperature an(l ptllse
on the fourth day were normal, but on the last day the temp>erature

rose to 98.90 F., andl the llulse to 80 )eats, while the body weight was
67.1 kilograms. The subject reporte( that lie had a feeling of weak-
ness in his stomach an(d was somewhat feverish. ThIe average body
weight for the second( sulperiol was 67.28 kilograms.

No. 11's temperature and l)ulse were 98.70 '., and 72 beats, r )espe-
tively, on the first day of the thir( preservative subpel io(l; his body
weight was 67.14 kilograms. 1Ie recor(de(1 that le ha(d a general
feeling of weakness, and on the following day his temperature rose
to 990 F., and his pulse to 75 heats. On this day he also suffered
from a slight headache which continued (luring the third day. The
teml)erature an( pulse, however, were normal a1l( remained I So U1o

the next (lay, tloudh the slight headache still persisted. Ilis tern-
)e ature reristere(d 98.80 F., pulse 69 beats, and body weight 67.08

kilograms 01n the last day of this subperio(l, for which the average
bo(ly weight was 67.13 kilograms.

On the first day of the fourth preservative suhll)erio(I No. 11 had a
teipJ)e atu re of )9.4. F., )ulse 66 heats, anId a body weight of i67.04

kilogramus. lie complained of feeling very weak and of having
nausea after dinner. The administration of the pr'eser'vatlve was

sto))e(d at this timiie. The following (lay his templlIeratlre and Iulse
were Iormiial, blt he coIl)laine( of a weak an(l uncomIlfortable feeling

in1 his stoImlacl. On the third (lay th e l)lls(' aduo te lE'ntailtl e wre

nlormuitl, the Sllbject was feeling fai l well and had no aiuorinIal

sympll)tom11s. 1I is temnlprature showed a slight increase o11 the fout th
(lay, but his )llse was normal and Ie felt well. On the last (lay he

wsi normiial ald hia( no .istEing si)ta111. Thie bo(lV wveirht on
tl is day was 7..)1 k.illOgramI'us, ain1 tI he average for the list siul)bpern)I
67.13 kilogramuus, the salle as in the previous Siihlpelrio(d. The average
weigh t for tlie en tire preservat i\e perio'I was 6i7. 2 ) kilgramIi is.

No. 1 I was normal throughout tle first after sulperidl \ithl the
E'xception1 of his teplleratulre on the tlir(I dlav which reached( o F.,

alI Ins 1)l15' which ro5E' to Nl l('st. 1 i' r(epIor'tedl, however, that he('
felt very- ell on1 1 li (la ilnl Ilurinig thIle reiiniitler of thIl(' Subperil.d.

Ili b1dy w('i ght (il tlie list lay wias t(i.-13 kiliogamils, tlie overgu&e
weight for this suil.iml being; 66.63 klrilll.

( )n tlie first day of the' setond(I after sui eIriodl No. 1l's tentii>eratutire

aid p)uIlsE' wcre' nIlrmal, dil the boy wE'ight 6f.1 ;i lilogramiis. I10
)cn('e unlu'li let(' I short lv ifte'r ('ating 1rkulfat aild vairit4'tl I le

cnt ire meal. ( )nt IlIe foIllow ing (lily li' f('lt \w('ll again lbut Ils tern-
)E'rature waiS \ l' hl high, !S.N F . I is )IllSe. hmio ever, w:as no rtmal.

and there w ere no ahioritual sylmpl)tols throughout the rcmiiaindleir of
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INFL lEN('E OF' 1)O1D PH}ESERYATIVES ON HEALTH.

this subperiod 'which he closed weighing (66.65 kilograms and feeling
well. The average body weight for this subperiod was 66.34 kilo-
grains, and that for the entire after pe. iod 66.49 kilogra ms, showing
a gradual decrease throughout the period of observation.

The characteristic symptoms for No. 11 were slight inflanumation
in the throat, some headache, a weak and distressed feeling in the
stomach, a general lassitude, and nausea which occurred even after

the administration of the preservative had stopp 1)ed.

Ao. 1 .- R b. R.

No. 12 had an attack of measles during the relaxation period and
was colfined t, his bed one week and to his room for nearly two
weeks. All symptoms of the disease Had passel away at the opening
of the period of ob>servation and his physical condition had been
restored to a p effect normal.

)n the first day- of the fore period his tenlperature was 9S.4' F.,
pulse 74 heats, and weight 67.55 kilo)grals. Il is condition con-
tinued n lormal throughout this sub period and whein it closed lis

bodsi weilit was 67.7 kilogrrams, the average weight for the sub-

period being 67.45 kilogramiis.
IDuI ring the secUn( foIre ubpeI'ioId the tempJ)eratl1re and pulse (on-

tinlved normal with slight variations from day- to day, tle body-
weigh t fur the last day being 67.7 ki 1ograms and heis a average body

w-eihlt 7.l7f)1kiOgrams, thus Imlakinig the average for the entire fore

perio d 67. 11 kilogramlls.
1. 12 el eeI t le preserv -ative peri( I w1t ii a telilperat tlfe of )S .20

F., 11ulse 7i (h eats, ainl ho i weigh t 67.95 ki lo )grans. I is alpetite
was 110te1( as l)ellg verY "'keeI. ie tentlf)erat i're 1111l p1lse

I'('lllllH d 1Il00111 (hIrilg tlhl e f 1ovlllg (lays , 1111( th li 11l)je('t repo frt((

that he felt all right. The b)odiy weight oil the Inst (laY of the first

IIb1eri'od was ()7. kilograms an11 thlie average for the suhper'o

(S.()I1 ki logranits.

()nt he first <a(v of t he seconl I>reservat ive sublwprio(I the ten-

r[atlrt' an111) llse wer'e ]11,r 1 n al and the hul- weight (7.8 kilo ram .

I e s1l}je("t r10 ilr)te( t t at hte felt 10eWO ail1 t lt at is ai l))et ite was

gol ). 'I'Ir f1 )IiO Igr ( VI a s i )Iloriai teltll raIlIife \VWHs not , the
)1 il flse reiiiai iietd flril il i I, ;ill11 1t e ili)Plect c( 1llJ) 1ai1e(l tht li1e felt

s lo W iwittll fat i rlet I, 1)1ti lie still Itd a goo 1 )J)et it('. I le WtS 1101"-

Iliti aai 1 ln the bi0 )Wil tg t Ite (i VlS ;tll( ('hse0 ( I t ie secoui1 I s })-

j(eri)( I it l a ;t 1d)O WVeeiiit of (.:, kilograitis, the o average weight for

the sIlubperiod b)e'iig (8.32 kilog ramls.

1 1 I1 li r"Ii 14 l 1 ,1f t Ie llt I) 1 I I I)r1(' l' 1 IiVe Ir})l'fil \ o . 12's tirl-

I;cralit f i i tall I el M W Reie 9I.1 F. '., tl d7i l 1, respectI VV, 1ris

h),ol W i1 1t heill (Ji1.1 Ikilogr itus. 11e repo rtaleI tlhatt Ie thal a lIeatvy
aId dIj)lf'S e(d feelimig ii his si )h131'111, ai 0111 h e 1 tOleilt diot tX l)O-

l0$2
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T0\4 i V"Ien:\V l;Ni I;s 1 ) 11 insE1vA'IVES ON HEAL'H.

A summuarv of the svnm ptomns of No. 12 shows a most striking loss
of ajpetite, althoul his ration at the beginning was eaten with a
relish. Headache, sliglt irritation and pains in the stomach, and a

nauseate(d feeling ; on one occasion near the end of the after p eriod are
also recor(lel.

CONCLUSIONS.

Th('se dat a shiow that the preservatives in the quantities admnin-

tere(I r)Io)(luce(1 Imiarked syin)tomlls of dhiscolllfort an(1 )osit ive malaise

in the majority of cases. The most common syi l>ptoms are nausea
al(d hlI ead(lache, wh}1ich occurred inI lilne an( eight cases, resl)ectively,

the nausea p)ro(luemIlg voUiting in only three cases. Seven of the
subjects coIpi)laine(d of weakness and burnimer an(1 Irritating sensa-

tions iII the esophagus. Sm1111)tomlls of hunger an(1 in(liestion
occulrre(d in three and five cases, respectively. It is thus seen that
there was a marked effect un(ler the administration of the preserva-

tive to produce headache and nausea, accompanied by lassitude.

BODY WEIGHTS.

VARIATIONS IN BODY WEIGHTS.

The data showing tihe variations inl bodyv weight are given in Ta)le

V, and inl grap)lic formll in figures 1 and 2.
Thi e platte(d figures represent all the weigh it (data irresipec tive of

variations in a(hnlinistration of the r)I'servative.

The (lata shiow a loss in[ the )Ies('I'ative p)ei'iod i 111ine (case an(1 a

gail inl one case (No. 12). In only t wo cases, Nos. 4 and 10, is there

any ap)preciable gr;ain in the after period( over the preservative period,
andl these gainis are very slight. In the case of No. 1 the chart shows

a very great loss of w"eiht luring thlle preservative period, and this

los- is cOIltillue(l, t htough 11 a less degree, i1 the after )eriod. No. 2
ex)efrielce(d a sligihit luss of weight <luring tlie pr('erv ati-ive period and
all iIc rease(dI loss (llrintg the a f't('r 'ri(l. Tle chai1 rt of N'o. :; sihows a

very s glight loss of weight (Iiurinig tlie p)reservat iVe j)erio(l, followe(l )-

atotle'r slight loss of wei&lht inl the after f)eriod. Tl(' (at a for No. 41
shiow" a slight loss of weight <liuriing t lhe p)rese'rvet ive period an1(1 a very

slight gaii durin thNo. 5 sulffere(I a Imarked loss of
we('ighlt ill tlhe( pIrera('r2t ive' p)eriol 211nd1 a slight loss iin tlie af'er )eriol.

No. (; shows a notal)l(' lo5 of weight ii th' )rer('Frvative perio(l and(I
21111oslst as mu1 i11 thi e afit er l('ri( )(I. No. 7 exl\ rln('Ice( I a colsi(er-

2le1' loss of weight ill thIle ipeservative l)erioml an( a slight loss ini t he
aft('r )erio id. N'o. S shiow"s a. Imiiarket los05 of w('ighit in1 I lie )rer('a-1-

tiv(' l'rinl anid I :inat her )los5 ('(l1uaLliv great ini th le ift('r l( 'rio(I. No. 9

is )roabl)2lyl t lel oill J I of t lie talblc' whose weight is not p i'-
c')tibly alfcctcd ltring t he preservative period. lere is, ioweve'r,
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1UG INFLUENCE ()F YO()D PRESERVATIVES O HEALTH.

a very slight oss of weight in the after period. No. 10 shows quite a
loss of weight in the preservativ-e period and a larger gain in the after

period, so that his weight at the end of the observation is greater than
at the beginning. No. 11 suffered a notable loss of weight in the pre-
servative period and a still greater loss in the after period. No. 12
shows a marked gain in weight in the preservative period, and his
weight during the after period remains the same as in the preservative
lPcriocl.
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in the preservative period, and 1.04 per cent in the after period.
There was a progressive loss of weight during the observation. The

(luantitV of dry- food consumed was reasonal)IV constant, though
somewhat less in the preseI'ative period, the quantities )eing 648

grans, 61:3 grams, and 666 grams for the three perio(ls, respectivelV.
There is a continued loss of weiglt in the after period, although the
quantity of dry food was notably increase.

No. 4 was still lighter in weight than No. 3, but ate about the sane

luantity of food in proportion to the weight of his body as No. 2.
1he weight of dry food is 0.0, U.SS, and 0.89 per cent of the weight of
the body" for the three periods, respectively. The quantities of dry
food eaten in the three periods are almost identical. There is a slight
lss of eight noticed in the preserve ativ-e period and a very slight gain
over the preservative period in the after period.

No. 5 is a smaller man than any of the preceding subjects, weiglhing
only 51 .39 kilograms, but eats practically the saine quantity of food

in proportion to the weight of his body, the weight of the dry food
heing 0.94, 0.96, and 0.98 per cent of the weight of the body for the
three periods, respect"ively. There is a progressive loss of weight dlur-
ing the observation. The quantity of dry food remains almost the

same, thought it is slightly greater in the preservative and after
periods than in the fore period.

No. 6 weighs almost 60 kilograms at the beginnillg of the experi-
1n('lit an loses weight progressivelV throughout the peril of olbser-

Vation. The weight of the dry food consumlled is 0.97, 0.95, and 0.98

per cent of the weight of tlie body for the t three periods, respectively.
Ill the case of No. 7, the weight of dry food is 0.74, 0.72, and 0.64

p r cent o f the bod(1 we ight fo r the th1re'' 1p)(ids. Ini thii is ('ase there

was again a l)'ogressive decrease in the weight ( f' tlie 1bod\, anlid1 the

(liantity of <lr' food consilmied also (ecreased, especially in th1e after

Jperiol)( . Th1e loss oflweight, t lerefore , may h )e in this case ,j ust l

att ri)uted to the (lecr'ease in t lie plant ity of food.

O. 8, alitiili a1 ilc"I1 i11alle i1 )jet, ate Illsore food t han1 o. 7,

I lie j)ei'iitage oi (If food als tolll)) ed Wi 1 1 lo )oy \weilht )ilg

0.94, 0.94, and 0.96, resl)ect iv'el. In1 this case also there wa1 a

(('creaitnIl 1ight wi ca1'1n1 (a' l )0 (ll' 10) 2L (lecf'ase 1I1 11i (jilill-

tlt V O f od, t le' allli li ts eatell I)ill('1 i I'ctllil v I lie 1110 III l1 lo e

;111! ;1.1'1' J)('PI' dS1 ;1( I 11 o iiv s li t l1' less ill t lie' 111'('( 1'at l\"( per''1od.

In the n('use of No. 9, it' weight of tihe dry food is 0.81, 0.82, and

(.82 1,c'1 celnt 1 I 1 ho( \W"'i t il I 11 1 i'ee 1)crif d , resl)ect ively.

1I1(' l) ( V W1'('l 1r11 Ill t 111' f'1 j)eIlot 1 ) j) il aly\ t 11( llll' as in Ilie

l1r('s('Iwati\(' peritod, 2111(1 there' is a1 slight loss inl thle ;11'(1 per1iod. 'I'l(
(1111 nIt Nv , 0)1 ' d i 'clo (tiisiiiiit't l i sIiLlil ret I\ ;; '1 11r iil i 1 01 ' ft I )(' )'i'o(

1h2 i ill t hIe i rt'so'Fvailive orl a11'. l)('ril (I. I it t le 'l0't'ect iS not iced oin

I I1(' j) ;1 '1 f t l ' 1l)I''s('l' Ilt iVO' t0) (I I I ) t 1 1' ratf I) i ll t I is ('1al e. 1 1

ditai 100 No. 1 () 11 11 t liels I li1 heartiest eater ill proportiol1 to
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his weight of all the meml)ers of the table, with the exception perhaps
of No. 12. The percentages are 1.03, 0.96, and 0.98, respectively.
The quantity of dry food consumed is notably less in thl preservativ'e
period, and somewhat less in the after period, than in the fore period.
There is a slight loss of weight in the preservativ-e period. which is
more than regained in the after period, although the quantity tof food
consumed is not so great as in the fore perio(1. Here is, therefore,
practically no effect produced in this case by the preservative on the
relation between the weight of the bod(- and the weight of the dry
food consumnecl.

In the case of No. 11, the weight of dry- food is 0.94, 0.95, and 0.96
per cent of the body weight in the three periods, respect ivel v. The
quantity of dry food colilncumed in the fore p'rio1d and the preservative
period is almost identical, w while the (luantitv- c)nlllumed iln the after

period is larger than in either. Ilhere is again a progressive loss of
weight which is more marked in this case, since the (uantitv of food
consume( is increased toward the end of the observations rather than
dilminishe(l.

No. 12 is also a very hearty eater, as shown by the relation of hody
weight to the weighlt (o1f the dry food consusmled, t hlis percent 1oae beirg
1.02, 0.98, and 0.94, resl)ectivelv. Slightly- less foo c d is conlsulmed in
the I)resevI''at"ive period than in tlie fore period adI( Imiu(cl less in tlie
after perio(l, notwithist aln(ding which t here was a (rain in weih1t in t he
preserv-ative j)eriod and l a slight decrease in the after period, the
final weight being higher than that of the fore l)eriod.
The data for Nos.1 an 11( 4 mIla y 1 ) suI11nnaiI zed fIor the (' enir'e wr(i o( f

observations. IhIere is a progressive (e('creas(' 111 weight which call be

ac'(cOln te(l for olyl1 in a very smniall degree )V thlie (iflerelces in food.
TlhIere is 13. gI'a Ints less f (1Od colslmi('d dnily in the pI'ese'r'at-ive per)Iml
th 11 in thl( fre pr'i.O., )It t lie loss ini werilht is i4() grams. In t he
alter )eriod t here is an11 ahlit ional loss of w'eighlt of 1l0 gzram11s, onlv 10
grains of which can be ascribed tt) the dec'eased quant itv of fo(d.
Ih variations in weight of <1EV lr00( (foodo )are(l with ho(ly weight are

expressed by 0.87, 0.86, and 0.85 per cent for the three periods.
resl)ect iVelV.

A 111111inaI' for Nos. 1 , , - 5, an I is ninte fI' t he \1h Ile of lie fore

)eriotd, for Itree 'f the 1pre1erva itive p)eriols, and14 the w hXole of the
alite I)eriod. 'Ins 1118) ls W sll 1 I)rogfessi VI' loss of Wl'i il it i fi 1 "e"

SIl5.y1t (lt'cft's( ln I t' 2illotiiit Oif (Iry con s t1111111' dl1y, lllluillt ju

to 5 gfiills in thI i' 1)F('I'ViltlYP )pi' id 2111d I6 graills in 111fte t )pt'Ilm .

lie weights for drIy famis are 0.92, 0.91 , altll 0.91 1)er ('cent of the boldy
weight lo' t lie 1110t0t' j)itfl(d1, respect IVel

A ct0111l))ete s11i Illll for Nt. s. i t 1'2, incl ive, is 11111(d(' for" the
eurl( e ohs)5ei' 1t 1lll I)('lt(, Wit 1 te l t)l' t ioll of ie foullt 1i Ifest' 'al-

tl"e SUh)IteIlod. there is a 1jill s1l)'il it 1o' )gresslVe loss of Weight

10b9
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atten(le(d b a very slight decreasee in the laily foo( consulmed1 of S
grams in the )reserva\ltive )eriol and 25 grams in the after 1)erio(l.
The ratios are 0.92, 0.91, and 0.88, resl)ect ivelv. Ilhe also show
that the quantity Of dry food consllne(d )y the men composing this
table is slightly less than 1 per cent of the weight of the body.

Omitting No. 3 (on account of incomplete (data), a summary for all
the Im1em)erS of the table may be ma(le fr the entire observation with

the exceptions of the fourth preservat ive subperiod. This suu"ary

shows the )Iogressive decreasee in weight, amounting to about 0.75

kilogram if the averages for the fore an(1 after periols 1)e compare(l.
The amount of (lry foo(1 consumed daily is 7 gramns less in the )reserva'l-

tive )eI'io(l, an( 21 gramis less in the after )erio(1 than in the fore
period. The relations of food weight to body weight are exp1resse(l
1y 0.92, 0.91, andl 0.89 per c(ent fOr the three periods, res)ectivel-.

TIABLE V.-;ImOut of toist and (dr] fUo( conslrumedrc, e.CreJssed a.s percent tag of body
weight, Serie's I fI.

[Averages are per day.]

No. 1. No. 2.

Period<.
1Ioy1

weight.

Weight of
food.

\loisi. I)ry.

Fore period.

First subperiod:
'Total........
Averag........

Second subpIeriod:1
'Total.........
Average........

Entire fore periol:
'Total...........
A \e rage.......

Prrsrrratire periocid.

First slubperiodl:
'Total..........
Average......

Sectondl subpe~rinarl
'Total.........
A \ragr.......

'Thirl subprl~erio:
'Ti tal...........
A \'erug.e........

Fourthl subperiodl:
'l'ot:ll...........
A \-erage........

Entir' preservatives'
pFrird:

'Total...........
A \eruge........

After period.

First suibperiod:
'Tontal...........
A v(r7ig........

Scecound siihporiod:
Tlotal...........
Average........

Entire after per.iod:
TPotali..........

Kilos.
a355. 1l)

71 .02

352.55
70.51

Grams.
11,815
2, 3i63

12,067
2. 413

717.75 23,882
70.77 2,38

ail.01
70.21

3il.50
70. a(l

:{4:i.0 (
619. 18

:it1.114)
fi. 32

12,3116
2, 413

11.571i
2,315

12, 1(!J
2,422

12,-1(14
', 1tl

1,395.05 48, 4U(5
6!9.75) 2,421

34t1.jfi
li!.l 33

:47.07
19.41 1

11,:21

10,.82
2,15th

1i:1.72 22.103, I
li!I.:i7 '2,'1(1

Gra sn .
2, 980

5ti6

3,071
' 6115

A average
1aily ratio of
food weight

to body -
weight.

Moist.

Peret.
3.33

31.42

6(0 . .......

I)ry.

er1t.
0.84.......

.87

.80
.......-

2,957 a.51 .84
.i!I ....... .......

2,953t 3.29 .84
:i l ....... .......

2,908 3.50) .84.

2,9711 3.58 .86
5 .i ....... .......

11,794 3.47 .815
!1) ... .... .......

2,864)0
572

2,81:1

li, i73
54iti'

a.27 .83
....... .......

:1.11 .x1i

. .. . . .. . . . . .

A average

weight of <daily ratio of
fogof food weight

Bod1 food. to Ioy(
weight. weight.

MoIist. Dry. MOist. 1 )ry.

ailos.
352.85

70.:i7
332.28

70. 46

Gra ms.~. Grams. Per ct. Peret.
1l,354 3,255 4.1 0.y2

.1.271 (i51 .. . . . . .
Ii, 153 3,335 4.59 .95
3,231 (167 .. . .. . . .

705. 13 32,)7
7(1.51 3,251l

351.77
70.35

351.05
70.21

350. :18
70.08

3.174.2
arl.5(8

15. 939
3. 18

16, a183

1, 797
.3, 359

1i,,i7
3,5il

I, 4111.12 17, 4711
701.00i 3i,374

347.33:

31i. "11
6l0.28

17,4.18
3 ,4 "1

15.731
a.141 i

i19 .71 3 , 17!1

(65.10 4.611 .93
159 .............

3.294

3i, 254)l

:1.309
1 it i2

3, Ili

13,018

3a, 1ll7

il

(633

:i, as~
134

II,335i

.94

.93

.94

.91

4.:,i

4.84
.......

4.79

5i. 11)

4.82

5.012

4.54

.91

.91

4.78 .91
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TABLE V.-9nount of 'moist and dry food consumed, expressed as p ereen~tagc of body
weight, Series III--('ountinued.

[Averages are per day.]

No. 3.

Period. Weight of
IodIy food.

weight.

Moist. I)ry.

I Average
daily" ratio of
food weight

to hody Iowly
weight. weight.

Moist. Dry.

Fore period.

First subperiod:
Total..........
Ave rage........

Second siperiod:
'Total..........
Average........

Entire fore period:
Total.........
Average........

Preservative period.

First sulbperiod:
Total........
Average........

Second subiperiod:
Total--------...
A verage........

Third suilxriod:
Total... _....
Ave rag.........

Fourth subperiod:
Total..........
Average.......

io.'.
320.1i5
(;4.13

(;rans. 'Crams.
3ii.0 3 fi, 225
2, 762 645

Perct. Perrt.
4.31 1.111

321.62 13.81ti 3.257 4.30 1.01
(64.3'2 2. 763 651-.......-.....-.

(;42.27
64.23

323.20
64.64

323. 10
64.ti2

316. 6()
63.32

317.90
613.58

Entire preseritive
period:

T1otal..........1,280.80
Average.......... 14.04

Alter period.

First subhperiod:
'Total...........
Average........1

Second sbiperiod:
Total...........
Average........

Entire after period:
'T'otal...........
A ve "raige........

319.7:,
63.95

27, I24
2,7(t2

13,821
2, 7(i4

ti,482 4.30 1.01
4. ..

3,300 4.28
60 .......

1.02

Kilos.
294.47

58.N8

No. 4.

Average
weight of daily ratio of

We of 0food weightfood. to hody
weight.

Moist. Dry. Moist. Dry.

Grams. Grams. Pr(t. Perct.
11,151 2.654 3.79 0.90
2, 230 31 ....... .....

289.6I2 11,010 2.578 3.80 .89
57.9' 2,202 516 ....... .......

584.09 22,lil
58.41 2,216

290.10 12, 130 2, 610
58.02 2, 42i 52

15,2ti9 3,301 4.73 1.02 291.31 10,8.8
3,054 titi0 _.. ... .. .. 58.2ti 2,171

12,899 2, 483 4.07 i .78 29).85 11,5610
2,580 497 ................ .17 2,312

15,20i 3,183 4.78 1.0(0 2).50 11,377
3,041 137 .............. .. 5 .10 2,275

57,195 12,26i7 4.47 .9ti 1,162.71i 45,952
2,80 (i13 ....... ........ 58.14 2,298

1i 1t 3,32 4.73 1.05 291.10 10,8:37
31,0 1J.7

317.!2 14,835 3,295 4.67
653.58 2,9617 (659........

5 .2 _ . 2, 17

1.04

6:37.167 29.971 6i,6i57 4.70 1.04
6. 7 7 2 .997 (1,6......... ...... .

2).55
58.11

5,2:32 3.79 .90
523 ..............

4.18

3.742,569
514

2,59ti 3.97
519 .......

2,515 3.92
503.......

10,290
514

3.95

2,5ti0 3.72
512...----

.90

.89

.87

.88

.88

10.815 2,615 3.74 .90
2, 173 523 ..............

Al1.65 21,7(02
58t.17 2',1711

5, 175
518i

3.73 .89



1092 1 INFLL'EN('E OF FOOD PRESERVATIVES ON HEALTH.

TABLE X.- 1no1nt of moist 1 cd dry food consumed, c.rpress(d as pere ntage of body
weight, Stries IIII-(o(ntinuecd.

[Averages are per day.]

No. 5. No. G.

Period.
Body

w\eighrt.

Fore period.

First s1hperiod: Kilos.
Total........... 257.80
Average......... 51.5(1

Second subperiod:
'T'otaL........... 256. 13
Average..........31.23

Entire fore period:
Total.......... 513.93
Average........ 51.39

Preserratire period.

First sub)period:
Total .......... 255. 39
Average..........51.08

Second sulperiod:
'Total........... 254.8(;
Average........ 50.97

Third sulperiod:
T1otal........... 2.93 
Average..........50.39

Fourth suobperiod:
'total........... 211.39
Average ......... 50.28

Entire preservative
period:

Tl, r
otaLt........... 1, 014.57(

Average.......... :0.73

After period.

First sub)period:
T'otaL........... 251. 64
Average......... 50.33

Second subploiriod:
't'ot........... 252.81
Average........ . 50.iLli

E':ntire after period:
TotalI.........

Weight of
food

Moist.

Gra n.9.
10.558
2.112

11.027
2.205

21. 585
2.159

10.493
2.099

11.424
2.285

A average
daily ratio of
food weight

to lod-
weight.

Body
weight.

1!r\. Moist. Dry.

Grams.
2, 3ti3

473

Per ct.
4.10

2,486 4.31
497 i......

4.849
485

PUr t.?0.92

.97

4.20 .94

2,451 4.11 .96
490 ....-. .......

2.505 4.48 .98
501 ....... .......

11,518 2,435 4.55 .96
2.304 487 ....... ..... .

11.004
2.201

44.439
2 .'22

2.397 4.38 .95
479 .........--

9.788
489

4. 38 .96
..... . ..... .

11.414 2.4(12 4.54 .98
2.283 49' --.......

11.5:57 2,49:1 4.57 .99
2.311 4!9 ............

I*. 4a 22.971
.5t). '1. 2) 2)17

Weight of
food.

Moist. Dry.

IKilos.
298. 01
59.0 

Average
daily ratio of
food weight

to had)v
weight.

Moist. I)ry.

Grams. Grams. Peret. P
12.386 2.880 4.1ti
2.477 576 ........

296.32 13.776
:19.26 2.75:1

594.33 I 26.162
59.43 2.ti16

296.22 13.339
59.24 2A.itis

295.54 13 -,87
59.11 2.(197

292.82 13.727
8.:iti 2,74:1

2.888 4.65
578 .......

5.768
577

4. 40

2,938 4.50
588 .......

9 JU

2.7
5

292.00 12.854 2.6
58s.40 2. 571 5

1, 176. 58
58.83

!)3.407 11,1
2.70 1

292.36 12.(148
38. 47 2.530

292.21 12.336
58.44 2.4167

4.:1i7 4. 3i5 .8 81. ! i7 21.9814
'11........ ......... S.\ 41 2. 1!1.\

2.7
a/5r

67 4. 5ti
53.......

43 4. 69
49........

95i 4. -:)
39......

43 4.:i4
57 ......

694.33

2.814 4. 22
513 ..... .

:1,5:3 4.27
5.I.......

a 1)a ly ve rage added in order to completed record.

"r ct.
0.97

.97

.97

.99

........95

.94

.92

.95

95

.96

5)4 .....
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TABLE V.-Amount of moist and dry food consumied. c. pressed as p)ercentac of body
weight, Series 1II-Continiuedl(.

[Averages arce per day.]

Period.

Fore period.

First subperiod:
lotul..........-
Avcerge.......

Second subperiod:
'1'otal........
Av re rage.......

Body
weight.

Kilos.
350.81;

70. 16

No. i.

\Veight of
food.

Moist. 1>r

Grams.
10. 848
2.170

Average
daily ratlo of
food weight

to boly
weight.

Body
w-eight.

y. Moist.! Dry.

Grams. Per ct. Per c!.
2,530 3.09 0.72

506 ....... .......

350.10 10,965 2,6i72 3.13
70.02 2.193 534 ....... .

.7 )

Kilos.
307.93
61.59

No. s.

Eight of
f* l.

Moist. Dry.

Grams. Gram.

3. 21 3 0

.Av erage
daill rutlo of
food Iweight

to b)odyV
weight.

Moist. Lry.

Per ct. Per ct.
5.23 0.92

305.41 19,063 2.93: 6.24 .96
(61.08 3.x13 s7 ..............

Entire fore period:
Total...........
Average......

Preserratire period.

First subperiod:
Total..........
Average.......

Second suibperiod:
Total..........
Average......

'Third sul)period:
'Total..........
Average.......

Fourth suibperiod:
TotaL.........
Average.......

Entire' preservativec
period:

Total...........
Average.......

After period.

First suhperiod:
Total..........
Average......

Second sn ub~p)riod:
'TotaL.........
Averag'.......

700.91 21.813 5.202 3.11 .79 113.34 35.151 5.778 5.73 .99
70.09 2.181 520................61.33 3.516 I 5.......-----

349.00 10.693 2,463 3.00 .71 303.70 16,457 2.!:33 5.42 .!1
9.80 2.139 493....... ....... (10.7 3.291 5 7-...........

349.20 11.312 2.591 3.24 .74 304.55 1s.03 2.20 5.93 .93
69.84 2.2t2 518 .............. 10.91 3.1l11 :,4 ............

347.45 10.875
19.49 2.175

2,619 3.13 .75
524 ....... ......

301.80 16.78S 2.s40 5.i ;
(i0.36 3.358 5tis.......

34.40 10.il 2,290 3.13 .66 300.70 r 16.279 2.s0ti 5.
19.28 2.170 458. ....... ......... 0. 14 3.256 561 ...

1,392.05
a9.60

43,731
2, 187

9.963 3. 14 .72
498 ....... ......

346.80 11,072 2.3x7 3.19 .69
(9.36 2.214 477 ....... I.......

345.85 8.829 2,075 2.55 .l10
!1!.17 1.7 ti 415 ....... I.......

41

1,210.75 67.580 11.3!9, 5.58
60.5-1 3.379 .70 ......

299.6(5 15.(131 2.90 :.22
5!.93 3.12i i.1 ......

298.00 14.979
59.1 IO 3.39

.93

.94
. ......

. 97

7. : ... 0 .9G

Intir ;1ftcrperiod:
Totatl.........
Average......... 19.127 1.!so

4.412 2.x7 .64 5"7.5 32.1i10 5.7115 5.491 .911
44 ; .. --.77 3.2?il 57ti ....... .......

..

.
.

.
.
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TABLE .- Alflount of moist and dry food consul, crpressed as percentage <f body
weight, Series I III-Continued.

[Averages are per day.]

Period.

First suhperiod:
Total.........

Av.ag........
Second sulywriod:

'Total.........
Average........

Entire fore period:
'total.........
Average......

Preserratice period.

First subperiod:
T1otaL...........
Average.......

Second suhperiod:
TotaL.........
Av'erage.......

Third sultq)riod:
Total.........
A verage........

Fourth subIlx~riod:
total.........
Average.......

First, second, and
third suilperiods:

Total........
AveragE........

Entire preservative
period:

'Total.......... ..
Average........ .

Alter period.

First sulperiod:
't'otal.........
Av~erage.......

Second wuhperiod:
'total.........I
Av erage.......

Entire after period:
'Total...........

No. 9.

A average

Weight of daily ratio of

lIody food. food weight
to bod1v

weight. weight.

Moist. Dry. Moist. Dry.

Kilos. Grams. Grams. Perct. Pert.
308.96 11,371 2,il5 3.168 0.85
61.79 2,274 523 ....... ......

308.90 11,422 2,59ti 3.70
61.78 2,284 519 .......

617.8(6 22,793 5,211 3.69
61.79 2,279 521 ......

300.04 11,828 2,566 3.83
G1.81 2,366 I513 ......

308.85 11,473 2,5316 3.71
61.77 2,295 507......

.84

.b4

.83

.82

No. 10.

l3iody t
cei Iglit.

Weight of
food.

Moist. Dry.

Kilos. Grams. Grams.
213.tili 11, 544 2,808

511.73 '2,309 5>2

282.45 12,196 3,018
56. 49 2, 439 604

5t(1. 10 23,740 5,826i
5t6. 1 2,374 53

282.05\ 11,406 2,803
ti. 41 2,2S1 51l

2s2. (7 11,766( 2,844
5t i53 2,353 5(19

308. 16 11,49 2 502 3. 84 . 81 281. 30 11,359 2,647
61.73 2,370 500 ............... 5.26i 2,272 529

........ -....... -....... ....... ....... 276 .4 10,765 2,441

........ ........ ........ ....... . - 5: 30 2,1153 , 489

921.15 35,1150 7,0114 3.79 .82......................
61.77 2,343 1)7 ....... ....... .......... ...........

* .iA ~ I~ f

30i. 95
111.39

307.32
il.411

lil4.27
1;1.4:3

12,084 2,547 3.94 .8.3
2,417 50h. ....... .......

12, 2K:3 2,:02 4.0) .81
2,417 50 .............

24,3117 5,049 I 3.97 .82
'1,437 :,05..-.........

1 2.3r) 4.,, 2961 10, 7490
30. 13 2,21i:5 537

282.99 11,658 2,858
5i.li0 2,:3:3'2 572

2815.42 11,382 2,717
5i.I4)8 2,27ti 543

5.iti."1 23,041) :,57
511. i4 2 ,:3144 558

Average
daily ratio of
food weight

to hody
weight.

Moist. Dry.

Per ct.
4. 07

4.32
4...9...

4.1 ]

4.04

4. 16

Per et.
0.99

1.07

1.03

.99

1.01.

4.04 .94

3.89 .88

4.04 .96

4.12 1.01

3.99 .95

4.05 .98

Fore period.

I

..

..

........

........
........ ........ ....... .......
........ ........ ....... ....... 1,
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TABLE Y.-.Amnount of moist and dry food consumed, expressed as percentage of body
weight, Series VIII('ontinued.

[Averages are per day.]

No. 11. No. 12.

Period. 13odv-
weiglit.

Fore period.

First sublperiod:
'T'otal.........-
Avrage-........

Second subperiod:
Total.........
Average.......

Entire fore period:
Total..........
Average......

Preserratire period.

First subperiod:
'1'otaL..........
Average.......

Second sulperiod:
Total. ........
A verage.......

Third sal period:
TotaL.........

F ourthl subpexriod:
Total..........
Average.......

Entire preservutive
period:

'Total. .........
Av~erage.......

After period.

First sulperiod:
T'otal.........
Ave rage.......

Second subI)eriod:
total...........
A v'erage........

Entire after period:
''otll........
Av erage........

Kilos.
340. til
68. 12

Average

W -eight of daily ratio of

food. food weight
to body
weight.

Moist. Dry. Moist. Dry.

Grams. Grams. Per ct. Per et.
15,501 3,092 4.55 0.91
3,100 118 ....... .......

339.73 15,20ti 3, 295 4 48
67.95 3,041 659 -....

Body
weiglit.

Weight of
food.

Moist. Dry.

Kilos.
337. 25
17. 45

Grams.
13,492
2,8

G ra m.* .
3, :V*%

tilli

Average
daily ratio of
food weight

to b)ody
weight.

Moist. Dry.

Per et. Per ct.
4.04) 1.00

.97 338.82 14,148 3,503 4.18
... _ 67.711 2,830 7111 .......

680.34 30,707 6,37 4.51 .94 (746.07

68.03 3,071 6,39 . ..... _ 7.61

338.20 14,5.31
67.64 2,906

336. 40 15, 2t;9
67.28 3,054

335.163 16,022
67.13 3,204

3,319
6614

3,201
640

3,213
t653

335. t 3 15,940 2,948
(67. 13 3,185 5t0

1,345 8ti 61,7112
Iii.29 3, S

12,731
1 37

333.14 15,357 3
tii.63 3,071

:331.71 14,286 3
6611.34 2,8+57

4.30 .98

4.54 .95

4.77 .97

4 75 .88

4.59 .95 1,

. . ..I. ...

,305 4.611 .00
t1 l .. .. . . - .. . . . ..

,22ti 4 31 .97
1i45 ....... .......

li4. 85 29,1143 t(i,il 4 411 .98.
6i6.49 2,94N4 11.53 ...... .......

27,640
2, 7ti4

340. 05 14,i74 :S, 484;
(8. 01 2.935 697

341. 58 13, 981 :3, 432
6i8 32 2,796 ;isti

342. 10 14, 430 3,3 129
(18 42 2,886 6ki 6

340.) ! 14,069 3, 10-
(68.18 2,8.14 i21

3114 ti3 57,154 13,351
68.23 2,858 8tiS

:341.15 13,312 3,26i2
li8.23 2,6i62 ti5

1.03

i,8s5 4.09 1.02
6i8........ .......

4.32 1.03

4. 09 1. 00

4. 22

4. 13

4. 19

.97

.91

.98

3.90 .96

:40.50 12,922 3,144 3.80 .92
li.. 11 ' 2,5.4 l12 . ....... .......

(t81.1i5 2ti,234 Ii, -40N 3.85 .94
ti. 17 2,1i23 1141 ....... .......



INFLUEN E OF FOOD PRESERVATIVES ON HEALTi.

TABLE V.- Iioln t c i oi.tt (I/iy Joo'd consu ml, .x'crsse'd as percentage <f body
wright. Ser'is I/III-Continued.

SITIIARI ES.

[Averages are per man per day.]

Nos. 1 and 4.

A average

Weight of daily ratio of

Body fegd. food weight
oeigt to hldv

\weight.

Nos. 1, 2, 4, 5, (and l.

weiht.\
\\-eight.

Weight of
food.

Average
(laily ratio of
food weight

to body
weight.

Moist. Dry. Moist. 1)ry.

Fore period.

First sulperiod:
''otal..........
Aveng.........

Second su1w'riod:
'Total...........
Averag.........

Entire fo're period:
'Total..........
Average........

Preserratire period.

First sub1period:
'Total..........
Average........

Second sulyIwIriod:
'Total..........
Ave*(rig.........

thirdd suIIbyriod:
Total..........
Average........

Fourth sulywx'riod:
Total..........
Av~Erag.........

First, second, and
third sublperiods: I

'Total...........

Kilos.
1i9. 57
fi4.!96

(i42. 17
1i4.. 2

1. 291. 74
(14.59

Grams.
22. 960
2,2 7

210. 07
2. 208

46. 043
2,:302

(641.15 24.446
6i4. 12 2, 4415

642.81 22,461
(4.28 2.246

6:36. 75 23.669
(13. 68 2, :367

67. 10 23,781
63.71 2,378

..

Grams.

lii

,654
5ti5i

Per ct.
3. 54

~3. 59

Peret.
0.87

.......

.S R'

Kilos.
1,558S.23

(62.33 3

1,54ti.91)
(61.88

Grams.
(i2. 2(4

2. 491

6l1, 033
2, 5i1

11,2M ' 3.56 .87 :3.105.13 126.297
115 ................. 2.10 2.546

5,5:,i7 3.81 .S7 1,544.53 64,217
1a/m........ .......... 61.78 2,56(9

i, 522 3. 49 . 86 1. 544. 26 64, 35:5
552U .............. . il..77 2,574

5. A04 3.72 .86 1.522.88 65.711
55)........ ......... (61.:32 2,6528

5.491 3.73 .86 .......... .......
541 ........ ......................

... .... ..... ....... 4,( 21.(17 194.2 

Gra ns.
14.1:32

56i5

14, iia
574

2, 4915
570

Per ct. Per ct.
4.(K) 0.91

4.14 .93

4.07 .92

14,2560 4. 16 .92
1570........ .......

14.014 4.17
56t2.........

.91

13,991 4.29 .91
.6 . . . . . .

42.285 4.20 .91
_______...... ---..

IEntirep reservative
periodc:

TotaL......... 2
Av\erag ........

Alter period.

First sulhpriod:
'1'otol...........
AverIve........

Second sulyIj)riodl:
T'otal...........
Avierag.........

:i57. 1 94,3:i7 2'30 4 3. (i1 .8(. ..........
3.7 ','311 1124 ..... ...........

617. 75 22. I358 5i420) 3.47 . 53 1..529. 08
613.78 2,21b 512............1. 1(6

6i37. (i2 '1 47
(13.761 2, 1i5

,428 :3.3! .85 1, 529.0li
154.. . .l. 1- -

!9()(i3,t6i 13, MiS 4. 16
2, 547 553.......

(il,271 1395) 4.01 .91
2.4:1 5.li ..............

Entire after period:
TotalI........... 1,275i.37
Ave'irag............63.77

4:3, 8)5
2, 1!)

10, 848 3. 43 .35 :3, 058. 13 124. 939 27, 723 4.0 . 91
:,42 ....... ....... il. ( 2, .11 554 ....... .......

10000

Perio.l'

Moist. I)ry-. MoIcist. ])rvy.

i

i -

I I I
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TABLE V.-Amount of noist and dry food consulnu d, expressed as plecentage of bodly

weight, Series I'II-Continued.

SUMMA RIES-Continued.

[Averages are per man per day.]

Nos. 7 to 12. Nos. 1 to 12 (omitting No. 3).

Period.

Fore period.

First suhperiod:
Total........
Average.......

Second suhp1riod:
Total.........
Average.......

Entire fore period:
T1otaL.........
Avenge.......

Prescrratic period.

First ubp)eriod:
'Total..........
Ave rage........

Second suuperiod:
T'otal...........
Average........

Third subperiod:
Total..........
Average.......

First, second, and
third sulIperiods:

Hod+
weight.

Average

11Weight of daily ratio of
Weiof food weightfood. to bodV-

weight.

Mo ist. Dry. Moist. Dry.

Kilos. Grams. Grams.
1, 929. 21 78.847 17.270

64.31 2.t2 8 576

1.925.41 -2. r$02 18,0)1!)
G4. 1 2.767 (101

3,854. (2 161.840 35.289
(64. 24 2,(697 SA

1,922.04 79, 589 17. 570
64.07 2,(51 586

1.92:3.25 81,857 17,424
64.11 2,729 581

1,916. 94 81,323 17, 200
63. 90 2,711 573

Tot;tL.......... 5, 72.23 24'2, 76i9
Average........ .. 4.0112 2 ,t97

After period.

1 irst suhplxriod:
Total.......... 1,910.68 79, 114
.1\vcrugc... ...... 3.1 69 ,6i37

Second subpIeriod:
'Total.......... 1,9o8. 80 76. 81
A verage...........6l.i3 2.11.%

Entire after period:
oItal........... 3.819. 48 155, 795

i2. 194
5(10

Per rt.
4. 09

Per ct.
0. !1)

4.31 .94

Body
weight.

Kilos.
3. 4s7. 44

i3. 41

i1eig;ht of
food.

Moist. Dry.

Grams.
141.111
2..h 6

Grams.
31. 402

:.j1

3. 472.:31 147.035 32.: 3
63. 13 2.673 an

4.20 .92 6,959.75 288,146 6:
... ...... ... 63. 27 2,t620

4. 14 .91 :3,466.37 143,806 3:
....... ....... 63.03 2,615

4. 26 . 91

4.24

4.21

17.26fil 4.14

It.:i22 4.)2
551.......

:5:3. 7 .
561i:

4. 08

3,417.5;1 146.212
63.05 2,655

.90 3. 449. 82 147.034
._...... 62.72 '?,673

.91 10, :33. !0 437.12
...... 62. 93 2.ti49

.90 3,,439.76 142,782
62'. 54 2., 5 Ni

.87 3, 437. t 137.92i'
....... 2.51 2, t:1

.8N (.877.til 2'0.724

1,2 82)
57!

Average
<laily ratio of
food weight

to body
weight.

Moist. 1ry.

Pcrt. Pcrct.
4.05 0.0

4.23 .93

4.1. .92

31.4tit 4.22 .91
a72.......

:;,. 1!11
31.19 i

4.2ti .90

.l1

31.01'4 4.15 .0

21). 127 4.of1 . 8

i.511 4.08 .89

94.479 4.21
57.1 ....

3. 7 t4 4.1.1 . !1



INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

WEIGHT AND WATER CONTENT OF THE FECES.

INDIVIDUAL DATA.

In Table VI are given the in(ivi(ual (lata and summaries of the
weight of the moist feces, their water content, andi the dry weight
thereof. In the case of No. 1 the relative weights of the moist and dry
feces an(} the p)ercentage of water are practicall the same for the fore
and preservative periods. During the after period the p erceltage of
water and the weight of the feces are considerably increased. The
lrv feces also are greater in weight than in the other two) perio(ds.

No. 2 excretes more than double the weight of feces indicated in the
case of No. 1 . The water content is diminishedd (uring Ithe preserva-
tive period, but the total weight of feces is very much increased.

Here is again an increase in the anulnt of water in the alter period,
but a decrease in the weight of the dry and nioist feces excreted.

In the case of No. 3 there is a diminution in the water content of the
feces during the pI'eservative period, 1ut an increase in the total moist
and dry weight of the feces excreted. There is a great diminution,
however, in 1oth these weights and also in the percent age of moisture
dturingr the after period .

In the case of No. 4 the amount of water in the feces is dilminishel in
tle preserv-ative period and the total weight of dry feces is also
slightly dIilinlishe(d. The weight of moist aild drv le(es remains the

saie ii tle alter perio(I as in the p1reservat ive period.

1In thlie case of No. :)t here is a decidedI increase in the weight of moist

and dry feces in 1ie preservative >eriod 1ut the water content re-
inmaiIs practicality tlie same. There is little change in1 the comin si)05tIion

of th1le feces in the a after 1)eriod1 as coinmpared with the pI'sert ilt ive

No. 6 excretes by far tle largest quantity of feces of any memb her of

th( t a1l1e, ani(( t w ic ater co'n tent is also thle hi highest . Ih ere is a 11mi-
nUt ion l)1t b 1 tii 1 Ie amount of moist feces an1d dry leces iIn 1h(le )I'eser'va-
t'ive )eriod, t hiouighi there is a slight 111(rease in le 1mioist tire. Ih'Ire is
a still fiurt hIer1 (illtillonll ini thle < (1ut ity of wet and (lry feces in t lie
af I p(erio(d, and t lle amunllllt of 11101 1 ire therein a lso decaI'tLS.

III t le (a(' of No. I herein in (llllblllll hot Ih in t Ie weight of iloist
and dl'' rI feces 111l il thl(e )erceit age of water il n lte lloist feces (hiring
th 1)1'\1i(' pr('1'1tieriod. Ihere IS a grea IIt nltrease in thl(e w1eigh1t of

moiomst anid (lry fees in thl1e after lrIl, thouotghi tile am111otun1t of water

present is slightly less Ilhan in 1lhe )r1ser'vir1i l.
11 thlie u*ase of No. S there is a Imarked increase in the weight of thlie

moiN)t5 an1(1 dIry' fo(eS in1 Ih le )In's('ervat ive p)eriod(, a21111 1 le ) nt'(lI age of

wat ('r i5 alIso greater. llis increaseI' iS cont inul(('( in1 a m(arkg('(l'(Ieree 111

t he 1ft clr 1>1'1"io 1.

1098
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The data for No. 9 show a ldeci(ed diminution in the weigllt of the
moist and dry feces excreted. The percentage of water in the feces is
also slightly less than in the fore period. In the after period there is a
very large increase in the quantity of feces excreted, though the per-
centage of water therein is not sensibly changed.

In the case of No. 10 there is a marked increase in the weight of the
moist feces and the percentage of water therein, and a slight increase
in the dry feces during the preservative period. There is a notable
increase both in the weight of moist feces and (lry feces in the after

period, but the percentage of water is less than in the preservative

period.
In the case of No. 11 there is a marked increase in the lmioist and

dry feces in the preservativ-e period and a slight decrease in the per-
centage of water. The data for the after perio(1 are aha st the samlle

as those for tlie preservative period .
In the case of No. 12 there is a decrease in Imioist and dlry feces in

thme preser'ative period, the water content reinainig ahlost the
saime as in the fore pierio(l. In1 the after period there is a marked

increase in thme miioist feces without a correspondling increase in the dIry
feces, tite to an increase in1 the percentage of water.

SUMMARIES.

The sulmiimary for Nos. I and 4 is the unli one which is coInI)lete
for the whWe10)erlud of l )s1"tiuloll, InasIlm as the1 y ' t1Y1 1 11 v

Illelllers Of the (las fOr W 111 1111 )roke( data were obtailtel. The
Slllllllarv slOws that 111 tIle' 1)I()stbI' ti"e perIoI there' 1i slighlt

decreasee i Illie \1Weirlit of ti1e 11uist f'ces ('Xcreted. aco1i j)allie(I )y a

lecease i Ile J)efcelitage Wf water tl 1('elll ;ill(1 a very iilit (lecrets(e

1 the \eirlt of <Irv feces excreted. I)IIrinrg the after period t here is
11 111'ireas 111 tIllie Wel@1t of l11Ost 1'ee, which is11 greater t 1a111 ill le

fore period. There is an1 increase in tile l)ercenltage of lloistlre as

C( ll) ilP d Iwit 1i tile )frsetYr IlYP pet t ) (Id, 111(1 iW l1eig it ( Tl IViw fees
E'Xcet l l is tle x;1 e11111 s Il 1 lie lfoe l)('r0(ll.

'I'l' lI111111111 fr1 o s,. 1 , 2, ), .;1111 6, who 1ref eiv )el ic acid,
15 111a(ie fo1 1h l entire 5(l'( , (XHllluillg tie 0 ut0110 1 l)ietYst' il sll)-

I)etid 11 acco 1i1t1 of Variat ills ill at11il1ist ratil ll of 1t' j)FIl'rOS I t il e.

A slight illirease ill the weillt of tie 1111st fe0es is s llWII ill t 1ie re-

seVat ive j)(rilod, a1 slight dPtlcmis(e il Ili j)tfr(it zigte of 111ist lre

tliereii, ;i(1 a slight itereuse 111 li t weihl1t (4 the dir fe'es. 111 the

1ftt('r J)eriol I Illen is a iliticked ll ss ill thIll' weihlit of thIle lilmist feces a li
L t"0Iit 11111 l lellinillllt io of tIlie l)'r"ellitig(' of uliit ire, while thell

weight of the (I'w fe"es is .liglit I\ llet'selled. r1et lrinllr toa t 1 fiure of
thle fl re )eri( I.

'lIt' siliIIulr\ for 0 os. 7 to 12 , 111' lt IV (H 10ho relived sot 111111 beil-

Zt ltt' ) , c() Ves Ill' (lit ireSl'"ies, wit h t lle e' X ej)tl i l4f the fout it 11 ) es t"V-
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ative up1)erio(d, an(1 shows a slight increase in the weiglt of the noist
feces and the percentagee of water therein, while the amount of dry
feces excrete(1 is the same as in the fore period. In1 the after period
there is a marke(1 increase in the weight of the moist feces with practi-
call ( n change in the water content as compJ)are(d with the preservwa-
tive period, and a correspon(inglv larke( increase in the wveight of

(IrV f'ces excrete(1.

The suntnary for Nos. 1 to 12, inclusive, ornitting No. 3, also covers
the entire observation with the exception of the fourth preservative
sul)period. It shows that inl the )reservative period there is a slight
increase in the quantityy of moist and dry feces, as well as in the lnis-
ture content. In the after period there is again a slight increase in1

the weight of the moist feces an(1 a slight decreasee in the percentagee

of moisture as c'ompInare(d withI} the preserVative period, while the

weight of dry feces excreted is the same as in the preservative period.
The (lata (1o not show any lotal)le effect n(>on the coin 1 )ositionl of the

fces which can 1)e att ril)ute( to the 1)IEser1atlye a(dmliinist ere(1, but the

following )oints mnam )e note(: There is eVi(dentlV no pronounced
teIlen1cv toI proU(1e1( anly (ialleal (on(lition, though the (ulalntities of
moist an( (ry feces o(10 not vary ii alyv uniform way in the 1)1'es('rvat ive

)eI'lo( as CoIn pae1 withi} tlie lore and after periods.
1( summary for Nos. i to 12 is the IloSt copll)lete ex)ressiol of

the Imlass action of the preservatiVe, an(1 shows little chalnge in the

excretion of the feces, either as respects the weight of the mist an(1
(Irv eces( or t1' ie wa Wte c01nlent1 . It is fair i) cic1ude , 1 herefoe, frolll

a st i1 lv of t}1(10es (1at8 th 1t t1 ( 1 )1*seat "iE' h 11b 001)I'o( 1ced ally" effect

Of a sYsteimat 1C charactr('1' I these part Icbt1lars. At t eIt io1110 il1(1 )e
Calle(, }lWoVei', to the l act t hat 1 lIe sIulai for th1ose'llly l)Ilzowl

acid (Nos. I to () ai(1 that for thlo'e receiving sodliumii )elzoate (Nos. 7
to 1 2), W l1ii e agffeell 111 that t l('y 1W }0 l ight 111 1'crasei 1110 18ist feces

('X('I'(t('(} 2il 11: 1)1'<1('lli llr ll1 t l i a loltilt 0f (11' Y leces Il 1t1

1)o(b5(s VittlVO j)cIlO(l, shlow Ill 1 11( flfst ('ase a l 1 illlte(l clc e1as ' ll 111015-

f Ii I liolll idt all(1 lil t l(e of 1( a ( 1i 111111'e ll fIeale. 111 t}1 t11"t1

J)('1r0(l1 lso 0()1 tl ie1 Wlrhii, IlilicreasImig for

A 0)5. I to 12 illl(I (I 0 I'(1 11l1g ol0 AOS. I (o (i. 11 ,e llls 1)I l)11)1(', I li'e-

" I', ai t 1 lie Io ill ill W ch 1 11('1 j)1( serVait ive is a( l111111st11 (I Sl1o11l(l l)e

cotsole'reol 1i iut 11f)ret ily t1ese res((1ts.

11()U
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TABLE UI.-1feight and w!'ater content of feces, by period, Series VIII.

[Averages are per day.]

No. 1.

Period. ,Feces, after Feces, eces,
moist. tont- dry. moist.

Fore period.

First subperiod: Grams. Per ct. Grams. Grams.
Total...................134 68.60 42 389
Average................. 27 ..... 8 78

Second subperiod: I

Total................... 218 70.56 64 480
Average................ 44 ........ 13 96

Entire fore period:
Total................... 352 69.89 106
Average................ 35 ..... 11

Preserratire period.

First subperiod:
Total................... 202 69.62 61
Average.. ........... 40 ....... 12

Second subperiod:
Total................... 119 64.74 42
Average. ............ 24 ... _.... 8

Third subperiod:
Total................... 237 72.20 66
Average... ..... . ... 47 _....... 13

Fourth suiperiod:
'Total...................
Average.............

Entire preservative period:
Total...............-
Average.............

After period.

136 70.43
27........

694
35

69.88

40
8

209

869
87

482
96

509
102

503
101

437
87

1,931
101 97

No. 2. No. 3.

Water Feces, Feces,

teont- dry. moist.

Per ct. Grams. Grams.
73.34 104 321

.... _... 21 64

73.83 121 31ti
..-..... 25 t;3

73.53

71.51

71.82

70.22

68.92

70.69

Water
con-

,tent.

Prr ct.
71.56

70.54

Feces,
dry.

Grams.
91
18

93
19

230 637 71 . 11 1 4
23 64 ....... 18

137 355 68.37 112
27 71......... 2

143 430 70.40 127
29 86 ........ 25

150 154 66.28 52
30 31 ........ 10

136 422 70.60 124
27 84 ........ 25

566 1,341 69.51 415
28 (t8 ........ 21

First suhperiod:
'T'otal.................
Average..............

Second subperiod:
Total.................
Average................'

Entire after period:
Total................
Average.............I

222 71.12
44........

64
13

231 73.28 62
46i ....... 12

453 72. 19 126i
45 ........ 13

491 72. 10
"8 ........-

409 70.42
82 ........

900 71.33
90.......

137 210 64.20
27 42 ......

121
24

258
26

214 1..94
43 .......

424 65.09
42....

75
15

73
15

148
15

2:::100-Itall. M4, j't 4-I---IS 5

1101
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TABLE VI.-Weight and water content of feces, by periods, Series VIII-Continued.

[Averages are per day.]

Period.

Fore perio

First subperiod:
Total........
Average......

Second subperiod:
Total.......
Average......

No. 4.

Feces, Tater Feces,
moist. con-tent. dry.

d.

Grams. Per et. Grams.
......... _ 323 74.32 83
...----... 65 '........ 17

246 72.63
49 --...---

No. 5.

Fe
mo

Gr

67
13

ces, 1V ater
i con-i st. tent.

ams. Per ct.
187 75.34
37 .......

308 74.58
62........

I'cces, Feces,
dry. moist.

Grams.
46

9

78
16

Grams.
736
147

661
132

Entire fore period:
Total................
Average...............

Preseraratire period.

First subperiod:
Total................
Average... _........

Second suhperiod:
Total.................
Average................

Third sulgperiod:
Total.................
Average..............

Fourth subperiod:
Total..................
Average................

Entire preservative period:
Total...............
Average.............

After period.

First subperiod:
Total.................
Average...............

Second subperiod:
Total.................
Average...............

Entire after period:
Total...............
Average.............

569 73.64 150 495 74.95 124
57 ....... 15 50 ........ 12

274 72.30 76 369 76.48 87
55 ..... 15 74 ... .... 17

236 71.29 68 251 71.41 72
47 ........ 14 50 . . . 14

227 70.23 68 316 76.34 75
45 ._...... 14 63 ........ 15

241 69.36 74 344 72.62 94
48 15 69 19

978 70. 76
49 .......

276 71.39
55........

210
42

70. 60

486 70.99
49......

286 1,280 74.38
14 64 .......

79
16

62
12

1,397 78.74
140 .......

752 80.46
150 ........

578 80.98
116 -....

639 79.08
128 ........

585
117

80.52

.328 2, 554 80.23
16 128 ........

382 74.74 96 582 76.58
76 1.... 19 116 ... .

244 74.93 61 332 79.98
49 12

141 626 74.92
14 63 ......

157
16

914 77.90
91.... ....

No. 6.

WVater
con-
tent.

Per ct.
77.96

79.60

Feces,
dry.

Grams.
162
32

135
27

297
30

147
29

110

134
27

114
23

136

13

202
20

..........

..........
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TABLE VI.- Weight and water content of feces. by periods, Series VIII-Cntiniued.

[Averages are per day.]

No. 7.

Period.

Fore period.

First subperiod:
Total................
Average...............

Second subperiod:
Total..................
Average.............

Entire fore period:
Total.................
Average...............

Preserrative period.

First suhperiod:
Total..................
Average................

Second suhperiod:
Total.................
Average.............

Third suhperiod:
Total................
Average..............

Fourth suhperiod:
Total...................
Average..

Entire preservative period:
Total..............
A verage........

After period.

First subperiod:
Total................
Average...............

Second suhperiod:
Total.................
A verage..............

Entire after period:
Total... .. ........... .
Average...............

No. 8.

Feces, «ater Feces, Feces, cte Feces,
moist. tent. dry. moist. tent. dry.

Grams. Per ct. Grams.' Grams. Per ct. Grams.
464 80.07 92 514 77.72 12ti
93 .-.-.--. 18 113 ........ 25

381 76. 99 88 182 72.86 49
76 . .. . 18i 36 .. . . . 10)

845 78.70 180 746 76.54 175
84 .... . 18 75 . . . . 18

344 77.35 78 559 80.02 112
69 ..-.... 16 112 22.

377 72.08

337 78. 62
(i7 ........

296
.-------- 59

75. 26

1,354 75.78
68 -.- .....-

434 78.22
87 ........

402 70.90
80).........

836 74.64
84 ........

105
21

72
14

500 79. 90
100 ........

497 80. 10
99.........

73 471 77.ti4
151 94 ........

Ii 101

95 504
19 101

No. 9.

Feces, Water Feces,m t con-moist. tent. dry.

Grams. Per ct. Grams.
29x7 I9.10 92

59 ........ 18
It 9 88

81
lIt

56il li. lti 173
5ti .. _..... 17

141 lii.56
28.........

47
9

101 214 (65.66

20 53.........

99
20

79.493 417
...... 41 ]21

78. 4\ lo09

117 668 82.49
23 134 .......

212
21

1.172 80.72
117 ........

117
23

91
18

3!)
8

103 til. 70
21 ........

10 357.
21 71

73.80 94
19

271
14

8i4 (18. ti3
43. .......

2' ,n 67l. 6s 84
17

4(x) 69.40
841........

122
24

201
21

2'21i ili0 Ii. 79
23 1it6 .......

i=

21 i4 l i9. 38
:i3 -.....

.
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TABLE V I.-Weiyht antid water content of feces, by periods, Series IVII-Co)ntinued.

[Averages are per day.]

No. 10.

Period.

Fore period.

First subperiod:
'Total................
Average...............

Second suhperiod:
Total.................
A verage...............

Entire fore period:
Total..................
Average................

Preserratire period.

First suhperiod:
Total..................
A verage..............

Second suhperiod:
Total..................
A verage...............

Third subperiod:
Total.................
Average................

Fourth suhperiod:
'Total..................
Average...............

Entire preservative period:
Total.................
Average..............

After period.

First suhperiod:
Total.................."
Average...............

Second sulperiod:
'Total..................
A verage................

Entire after period:
'1'otal.................
A veralg...............

Feces, Water
COl-moist. tent.

f.rams. Per et.
353 72.84
71.........

198 74.32
40 .........

551 73. 32
55 ........--Th

231 79.32
46 ........

551 74.32
110 ........

3162 80.0'2
S72.......

227 71.80
45 .......

1, :71

394
79

7(l. 29

711. 16l

379 75. 16i
73 ........

773 75. 68
77.....

Feces,
dry.

Feces,
moist.

No. 11.

Water
con-
tent.

Grams. Grams. Pcr ct.
9ti 320 7(1.70
19 (4 ........

51
10

147
15

48
10

141
28

72
14

(64
13

:325
16

114
19

94
1!1

188
1 1

396i 78.75
79........

7lli 77.79
72 ........

487 74. i5
97 ........

466 7(.02
93 ........

211 75. (8
59 .. . . .

408 75. 41
82 ........-

1, (157 75.38
83 ........

4511 7i. 7(1
91 ........

380 74.516

831 75.72
84........

No. 12.

Feces, Feces,
dry. moist.

Grams.

15

84
17

159
16

124
25

112

72
14

1001
20

4l8
'20

101 i
21

!17

203
20

Water Feces,
COn- d
tent. Iry.

Grams. Per ct.
520 74.92
104 ........

496 77.28
99 ........

Grams.
130
2ti

113
23

1,016 76.08 243
102 -....... 24

6i48 82.261 115
130 .. . . 23

383 74. 46 98
77 ........ '20

370
74

478
m1(

74.44

70.84

!5
19

139
28

447

103
21

22

211
21

1, 879 761.21
94 .......

540 80.8(
10. .......

535 79.861
107 ........

1,075 80.37
108 ........
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TABLE V I.-Weight and water content of feces, by periods, Series VIII-Continued.

SUMMARY FOR NOS. 1 AND 4 THROUGHOUT SERIES.

[Averages are per man per day.]

Period. Feces, Water Feces,
moist. content. dry.

Fore period.

First suhperiod: Grams. Per cent. Grams.
Total........... ........... -.... 125
Average 6...... 4 72. 65 12

Second subperiod:
Total............ 464 .......... 131
Average......... .46 71.77 13

Entire fore period:
Total.......... ... 921 256
Average........ 46 72. 20 13

Preservative period.

First suhperiod:
Total........... 476 ..-..-.. 137
A verage....... 48 71.22 14

Second subperiod:
Total .......... 355 .......... 110
Average........ 36 G9.02 11

Third suhperiod:
Total.......... 4G4 .......... 134
Average........ . 46 71. 12 13

Feces,
moist.

Period.

Preservatire pcriod-
Continued.

Fourth subperiod:
Total........
Average.......

Entirepreservative
period:

Total...........
Average........

After period

First suhperiod:
Total........... 49t+
Average....... r0

Second suhperiod:
Total........... 441
Average..... 44

Entire after period:
Total........... 939
Average........ 47

Water
content.

Feces,
dry.

Grams. Per cent. Grams.
377 .........- 114

38 69.76 11

1.67-' 495
42 70.39 12

.......... 143
71.29 14

.......... 124
71.88 12

267
137 1. 57

SUMMARY FOR NOS.1,2, 4, 5, AND G, OMITTING FOURTH P'RESERVATI

[Averages are per man per day.]

VE SCIHPERIOI)D.

Period. Feces,
moist.

Fore period.

First subperiod: Gra
Total .......... 1
Av~e rage.......

Second subperiod:
Total......... 1
Average.......

Entire fore period:
Total...........
A vterage........

P'reseruratire period.

First suhperiod:
'otal...........
A vterag........

Second suhperiod:
Total.........
A verge ........

Third suhperiod:
Total..........
Average........

am.,.
,7f9i

71

Water Feces,
content. dry.

Per cent.

75.30

,913 ........
77 75.43

2,07 <
xM 75. 57

1, 3 .:i. ........
r K74.31

1,977 . ...
77 74.35

Gram s.1
437

17

470
19

-' l

907
Iti

4.,a
Is

420

Period.

Preservativ'e period --
'ontinuled.

Entire preservative
period:

Total..........-
A verage........

After period.

First suhperiod:
Total...........
A veragr-.......

Second sulperiod:
Total..........
A verage........

Entire after period:
Total.........--
A verage........

Feces, Water
moist. content.

Gram. .
5,694

7 t

1,953
7ti

1 ,426
:i7

Per cent.
.... . 7 .

7:.78

7.91

3,379 .........
6873.54

Feces,
d rv.

Gra ns.
1,436

19

512

372
15

IN
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TABLE VI.- Weight and water content of feces, by periods, Series III-Continued.

SUMMARY FOR NOS. 7 TO 12, OMITTING FOURTH PRESERVATIVE StUBPERIOD.

[ Averages are per man per day.]

Period.

Fore period.

First subperiod:
Total...........
Average......

Second subperiod:
Total...........
Average------

Entire fore period:
Total..........
Average......

Preserratire period.

First subperiod:
Total........
Average.......

Second subperiod:
Total...........
Average.......

Third subperiod:
Total.......... .
Average......

Feces, Water Feces,
moist. content. dry.

Grams.
2,518

84

1,917
64

Per cent. Grams.
-....... . 611

75.73 20

75. 69
466

16

4,435 .......... 1,077
i4 75.72 18

2,409 .. . . ..
80 78.25

2,541 ..........
85 74.50

1,965 .........
66 77.15'

524
17

648
22

449
15

Period. I Feces, Water Feces,
moss . Icon en . ry.

Preservatire period -I
Continued.

Entire pre serve ativ e
period:

Total.........
Average.......

After period.

Grams. Per cent. Grams.
6,915 .......... 1,621

77 76.56 18

First suhperiod:
Total-.......... 2,588 -------- 591
Average...... 86 77.16 20

Second subperiod:
Total...-.... 2,764 .......... 655
Average........- -- 92 76.30 22

Entire after period:
Total ..........
Average........

5,352 .........
89 76.72

1,246
21

SUMMARY FOR NOS. 1 TO 12, OMITTING NO. 3 AND TIHE FOURTH
SUB PERIOD.

PRESERVATIVE

[Averages are per man per day.]

Period.

Fore period:

First subperiod:
Total..........-
Average......

Second sulbperiod:
'Total..........
Average.......

Entire fore period:
'Total.........
A verage.......

Preserratire period.

First sutblperiod:
'Total.........

.Average.......
Second suiperiod:

Total...........
Average......

Third subpe)4riod:
Tlotal.........
Average.......

Feces,
moist.

Grams.
4,287

78

3.Kio
70

8,117
74

4, 4A8
82

4, 2:14
77

:i, 8t7
71

Water Feces,
content. dry.

Per cent.

75.55

75.56

75.56

77.01

74.4''

75.77

Grams.
1,048

19

93t
17

1,984

1,032
19

1, 083
I ")

Period.

I___ --

Ii
Presercatire period

Continued.

Entire preservative
period:

'Total...........
Average.......

After period.

First sul)period:
Total...........
Average.......

Second suhbperiod:
'Total.........-
Average........

IEntire after period:
Total.........
Av~erage....

Feces,
moist.

Grams.
12,1;09

7 t;

4.541
83i

4711

79

Water
content.

Feces,
dry.

Per cent. Grams.
.......... 3,057

75.76 19

I-

75.71

75.49

75. 1)

1,103
20

1.027
19

2, 130
19

942
17

I



BENZOIC ACID AND BENZOATES.

THE URINE.

VOLUME, SPECIFIC GRAVITY, AND TOTAL SOLIDS.

INDIVIDUAL DATA.

In Table VII are found the data relating to the volume of the urine
excreted, its specific gravity, and the total solids therein. In the
case of No. 1 the volume of the urine is less in the preservative period
than in the fore period, and it is still less in the after period than in
the preservative period. The total solids excreted are slightly
greater in the preservative period and less in the after period than in
the fore period. In the case of No. 2 there is a notable increase
in the volume of the urine during the preservative period. This
increase is partly lost in the after period, but the volume of the
urine is still greater than in the fore period. The quantity of total
solids excreted is larger in the preservative period than in either of
the other periods. In the case of No. 3 there is a diminution in the
volume of the urine in the preservative period, bllt a larger quantity
is excreted in the after period than in the fore period. There is little
change in the amount of total solids excreted in the three periods,
though the quantity is slightly less in both the preservative and after
periods than in the fore period.

In the case of No. 4 there is a marked diminution in the volume of
the urine in the preservative period which continues, though to a
less extent, in the after period. The diminution in the quantity
of total solids is not so great as that in the volume, inasmuch as the
specific gravity is higher in the preservative period and in the after
period than in the fore period. In the case of No. :; there is allso a
(liulnution in the volume of the urine i the prese'vative periodd, and
thme < nantitv remains alhnlost the sam11e' in1 the after period as in thle
preservative period. The specific gravity, however, is high and

tile amount of total solids excreted in the preservative and after

periods is greater than in the fore 1)eriod.
No. 6 also shows a dimminution in the volume of urine in the pre-

servative )erio( and111 a con)ltliilel d(lecrease in1 the after petIod. The

total solids excrete( d in tlie preservative period are tlie sam mine as in1 tl1e

fore period, while inl the after period t here is a loss in the (ualtity- of

total solids excreted. In the case of No. 7 there is againl a diminut ion

in the volume of the urine in the prese'rvaltive period and this loss is
still more marked in the after period. 1he total solids excreted are
slightly diminished in tlie preservative period and notablly dimin-

ished in the after period. In the case of No. S the normal volume of
urine excreted is very large, bllt there is a considerable diminution

in volume in the preservative period which is partially restored in the

after period. Although the volume of the urine varies considerably,

1107
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the total solids excreted remain almost the same throughout the
three periods. In the case of No. 9 there is an increase in the volume
of the urine excreted with practically no diminution in specific gravity,
and therefore a considerable increase in total solids. During the
after period there is a further increase in the volume of the urine
with but little change in the specific gravity and a marked increase
in the total solids. In the case of No. 10 there is a notable diminution
in the volume of the urine in the preservative period and a notable
increase in the after period over the fore period. The total solids
excreted are somewhat less in the preservative period than in the fore

)eriod, while in the after period they are greater than in the fore

period. The case of No. 11 shows a marked diminution in the volume
of the urine, )it with such an increase in specific gravity that the
total solids excreted are greater than in the fore period. The dlnminu-
tion in volume continues during the after period. There is a marked
increase in the total solids excreted in the case of No. 11 in the pre-
servative period, although the volume decreases. The amount of
total solids in the after period is ahlost the same as in the fore period.
No. 12 shows an increase in the volume of the urine in the preser-
vative period, a slight increase in its specific gravity, and a marked
increase in the amount of total solids excreted. In the after period
there is again noticed an increase in the volume of the urine, but a
diminution of the specific gravity and total solids below the figures
for the fore period.

SUMMARIES.

The sumnary for Nos. I and 4, which extends over the whole series
of observations, shows a notable decrease in the volume of the urine
in the pr('ser'ativ' period and this decrease is contminue(l m11 the ofter

period. The decrease inl volume is attended with a slight increase of
specific gravity- and a very small decrease inl the total solids inl the

)reservativye and after periods. The sulnuaries for Nos. 1 , 2, -1, 5
and 6, and Nos. 7 to 12, inclusive, ofler a comparison of (dat a for

those wlho recei ved benzoic lcid wit Ih those w ho recei vedI s (dium1I

belzoate. 11 the formiier sununary it is not ice(1 t hat the volume of

uiirine is not greatly V chLange( in the 1 )'eservat ive j)eriod)( I but it is nt abiy

less in tlie after peiod, tlie figures )einig 997, 992, an(1 922 cc, resl)ec-

tiel(. The spcific grlvit is slightly greater ill the )reservative

and after periods than in t le fo're )eri(odI, the figures being 1 .( )230,
1.0246, and 1.0246, respec)(Ttiv'el V. Tihe 1oftal solids are inlcrease1 in

th C )reservat ive period an iid so11w('Whlt simai le' in t he after l)e'rio(

than in the Ie numbers being ).5, 57.S, and 54.2 grams

daily for he three periods, respectively.

In the case of Nos. 7 to 12 there is also a slight loss of volume in
the preservTat ive )criod, and this volume remains practically

1108
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unchanged in the after period. The specific gravity is slightly higher
in the preservative period than in either the fore or after periods.
The total solids are 57.6 grams in the fore period, rise to 60.9 in the

preservative period, and fall again to 58.1 in the after period. These
data indicate but little change in the volume of the urine, especially
as to any effect of the preservative, inasmuch as the weather was
growing warmer during the progress of the experiment, and this
slight decrease in volume may be accounted for >artly b) the rise in
temperature. There is, however, a tendency shown to increase the
amount of total solids excreted under the influence of the preservative.
The two points, therefore, brought out by this study are that neither
the benzoic acid nor the benzoate of soda has any diuretic effect, but
that they do have a tendency to increase slilrhtly the total solids
excreted in the urine, and this general effect is further confirmed by
the summary for Nos. 1 to 12.

TABLE VII.- Urile tei' rminalia nls- 1 lulic, specific gravity, and total solids, Saic s
ITII.

[Averages are per day.]

Period. -ol-
unw11'.

Fore period.

First subperiod:
Total..................
A verage.............

Second stbperiod:
'Total...................
Average..............

Entire fore" period:
Total.................
AXverage................

Preseratlive period.

First suhpteriod:
Total..................
A verage.................

S'coird sulbpriod:
Total.................
AXverag.................

Tuhirt suplriod:,
'fotal...................'
Av~erag.................

Total..................

Entire preservative period:
'T'otal..................
A verage... ..

After period.

cc.
4, 100)

820

5i,435
1,(07

No. 1.

Specif- Total
!c gray- solids

.t- 25 0 (fact or
.i ,'gi

1.0297

1.0231

G;ra m. .
'2)8.:3

59. 7

311.6
62. 3

9, 53 1.1021 G (l!9.9
9 1. ........ . 61.0

4, 154)

I, I In

1,0
1t, 1]+11

.98

1.020 1L...... 1

1.03 09

1.0 10i

305. 3
61. 1

lil. 1

3012. 1
tl . I

311. 1
(i2. X

17,070 1.025 1,2340.I
WArl ........ til.:

No. 2.

- P .plcif- -Total
Yol- is gral solids

umle. ,0o (factor

rc.
6,740 1.019S
1,348 ........

7,3:i5 1.0208
1,.71 ........

(;ra ns.
32ti. 9

:i.0 
65i. U

11,0)e5 1. (03)3 701.7
1,410...........70.2

10N 1.0212 368.8
1,11. ........ 73.1

1,71. ........... 0

1,5.81...........t7(.5

Il. 1 . 020 355.

30,619 1.(r2illI, 191.8

No. 3.

Specif-

Icl l gras-
11111(". It at

C'.

5.80 1.030 0
1,176 ........

1.270 1.0191
1,2 1. .......

12,150 1.0200
1,215 ........

1.1170 1.0214'
93-. ........

5, -I:N.) 1.11111;1,1i 0 !..

.i*,IMd 1.11-'11
1,1 ]1 . . . . . . . .

4, '315 1.017 i

??,T1.' 1.412.'1
1 . .i

1, 121I .. .

First sulbperiod:
Total................... .1,01(0
Av.'rag....................811

SecondI I supvriul:
TIoutlI......... ... .. .. 1. U3 )
Average........ ......... i

1E:ntirt" after In'riod:
Total................... xwin
Average..................80t6

1. 012

28I.0 I
57. 1

54.0

1.028.3 5..
........ I 55.9

;,010
I, IIox

7,355
1.471

1.0195

357.0
71.4

351.4
70. :

14.35 1.0201 70.4
1,440 ........ 70.8

5,670
1134

IiO ti4)
l.3, 16

1.02?20

1.0166
l... U(

12,'d, 1.019
1,2:40.........

Tot al
solids
( factor

Grams,.'
"2'.'. 1
:,.6

;1ll. 
61. 1

.9. 4

303. 2

345. 7i

:{Iii. i

1.r."!. i1
:SI.li

1,I. l1.
39.2

:30.6.41
61. 1

277.
:.:, f

:.\l. 4
58. 3
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TABLE II.-Urint (loter"uwi ons-TVolume, specijic gravity, and total solids, Series
1 III-Continued.

[Averages are per day.]

Period.

Fore period.

First subperiod:
Total.................
Average...............

Second suhperiod:
Total.................
Average..............

No. 4.

Specif- otal

Vol- ic gray- solids 'ol-ity~ atume. 250,250 (factor ume.

C. 0.245).

cc. Grams. cc.
4,610 1.0230 261.5 3,885

928 ......... 52.3 777

No. 5.

Specif-f Total
ic gray- solids
it2- at (factor
25 /"?5 0.245).

1.0177
Grams.
168.5
33.7

4, 8:3 1.0224 268.1 4,20 1.0196 204.6
97.......... 3.6 852 ......... 40.9

No. 6.

Specif-

Vol- ic gray.--
its- at

uile. .0/30

cc.
4,310

862
1.0274

4,240 1.0263
818 ........

entiree fore period:
Total.................. 9,525 1.0227
Average................ 953 ........

Preservative period.

First subperiod:
Total.................. 4,645 1.0224
Average.............. 929........

Second suhperiod:
Total..................4,290 1.0248
Average................ 858 ........

Third suhperiod:
Total................... 4,030 1.0263
Average................ 806 ........

Fourth suhperiod:
Total.................. 3,885 1.0271
Average.............. 777........

529.6 8,145 1.0187 373.1 8,530 1.0268 562.5
53.0 815 ........ 37.3 855 ........ 56.3

254.9 3,935 1.0228 219.8 4,115 1.02X0 282.3
51.0 787 ........ 43.9 823 ........ 56.5

260.7 3,885 1.0207 197.0 4,3(00 1.0271 288.7
52.1 777 ........ 39.4 860 ........ 57.7

239.7 1,2(0 1.0234 210.8 4,410 1.0261 281.9
51.9 810 ........ I 48.2 882 ..... ... 56.4

237.9 2,570 1.0257 161.8 4,090 1.0272 272.6
51.6 514......... 32.4 818 ......... :4.5

Entire preservative period:
Total................... 16, 830
Average................ 813

After period.

First sub)period:
Total................
A verage...............

Second subperiod:
'T'otal...................
A verage...............

Entire after period:
Total.................
A l'erage..."---...----.

4, 425
8X3

3, 7:30
716

1.0252 1,033.2 14,590 1.0232 819.4 
........ 51.7 7 30 ......... 41.0

1.0266 288.4 3,10: 1.0234 178.0
1....... 27.7 1(21 L...... 33.6

1.0263 210.3 4, 160 1.0198 20L S
. .. .. . 18. 1 832...........10. 1

X,135~i 1.026G5
XIi1 - -. .

528. 7
:"2'.9

7, 26. I. 0216
727 -- -.

379.8
38. 0

16,91: 1.0272
8.6 i........

"1,21: 1.0270
843 ........

1,031
X07

1.0238

8,219 1.0264
8i25.......

Total
solids
(factor
0.245).

Grams.
2'59.3
37.9

273.2
54.6

1,123.5
56.3

278. 8
33.8

231.9
:1l.0

:33. 7
5:{.4
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TABLE VII.- Urine determinations-Volume, specific gravity. and total solids, Series
VIII-Continued.

[Averages are per day.]

Period.

Fore period.

First subperiod:
Total.................
Average..............

Second subperiod:
Total..................
Average...........-- ..

No. 7.

Spe-
cific

1Vol- gravity
ume. at

2:0 250
C.

cc.
5,705 1.0194
1,141 .......

No. 8.

Total
solids
(factor
0.245).

Spe-
cific

1'ol- gravity
urme. at

250.250
(.

Grams. cc.
271.2 I 8,290
54.2 1,658

5,820 1.0198 282.3 9,930
1,1ti4 ........ 5ti.5 1,9816

1.0143

1.0115

Entire fore period:
Total................... 11,525 1.0196 553.5 18,220 1.0129
Average................ 1,153 ---....... 55.4 1,822 ........

Presertative period.

First subperiod:
Total.................. .4,470 1.0247 270.5 8,030 1.0154
Average................ 894 ........ 54.1 1,606 ........

Second subperiod:
Total................. .. 6,170 1.0182 275.1 7,395 1.0135
Average................ 1,234 ........ 35.0 1,479 . ....

Third subperiod:
Total.................. 5,300 1.0202 212.3 7,820 1.01il
Average............... 1,060 ......... 2.5 1,564 ......

Fourth subperiod:
Total.................. 4.650 1.0243 277.4 7,160 1.0171
Average................ 932 .... 55.5 1,43' .......

First, second, and third sub-
periods:
T otal............... ........ ........ ........ ....... .. ..
Average....................... ........ ........ ...........

Total
solids
(factor
0.245).

Grams.
290.4
58.1

No. 9.

Spe-
cific Total

1'ol- gravity solids
unie. at (factor

250,250 0.245).
_____ C. _ _ _

cc.
4,475
895

279.8 5,0 00
5ti.1 1,01'

570. 2
57.0

302.9
60.(i6

244.6
4ti. 9

9,535
954

Gra ms.
1.024ti 2ti9.7
--...... 53.9

1.0245 307.4
t1.5

1.024 5 77.1

. .......7

4,280 1.0250 2ti2.2
856 ........ 52.4

5,20 1.0237 305.4
1,032 ........ til.1

308.5 (6,100 1.0237
il.7 1,220. ........

299.9 ........
60.0 ........

........ 15,ti40

.....-.. 1,0134
1.0241

354.2
70.8

921.8
,I.5

Entire preservative period:
Total................... 20,600
Average............... 1,030

After period.

1.0219 1,085.3
........ 54.3

30,405 1.0155 1,155.9
1,520 .... _.... 57.8

First stubperiod:
Total ...................
verage.............

T otal...................
Average................

Entire after period:
'Total...................
average................

4,125 1.0235
825 ........

4,575
915

237.5 8, 55. 1.014.5
47.5 1,711 ..-.....

1.0213 238.7 y,775 1.0128
... _... 47.7 1,755 ........

8,70) I.0224
8711 .......

47f6. 2 17,330l 1.11137
47.11 1,733 .......

303.9
f0.8

275.2 
5.0

5ii, 510
1,114

1.0247

5.190 1.124:1
1,13% ... .....

:79.1 11,21il 1.024ti
57.9 1,12t . ........

337. 1
.. 4

341.5
68.3

li, ti.
t7.9

I
I

........ ........

........ ........
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TABLE: VII.- Urine determinations- Iolume, specfic gravity, and total solids, Series
JVIII-Cont inued.

[Averages are per day.]

Period.

Fore period.

First sublperiod:
Total...................
Average.............. 

Second sublperiod1:
'Total..................
Average..............

No. 10.

Spe-
cific

Vol- gravity
ume. at

250/250
C.

CC.
4, 980

996
1.0202

5,200 1.0196
1,040 ........

No. 11.

Total
solids
(factor
0.245).

Gra ms.
24t.5
49.3

Spe-
cific

V'ol- gravity
ume. at

2c0/250
C7.

cC.
6, 970
1,394

249.7 6,000
49.9 1,212

1.0195

1.0200

No. 12.

Total
solids
(factor
0.245).

Grams.
332.9

6G.6

Spe-
cific

Vol- gravity
ume. at

250/230
C.

cc.
6, 385
1,277

296.9 * 6.020
59.4 1.204

1.0199

1.0214

Entire fore period:
Total................... 10,180 1.0199
Average................ 1,018 --......

Prestrreatire period.

First sub)period:
Total..................
Average...............

Second sib1period:
'Total..................
Averag.e..............

Third sulperiod:
'Total..................
Averag'................-

Fourth suibperiod:
Total..................
Average...............

Entire preservative period:
Tlotal..................
Averag.................

Afirr period.

First subhperiod:
'Total..................
A verag.................

Secon'I subIperiod:
''otal..................
Averag.................

Entire after period:
'T'otal..................
Averag...............

496.2 13,030
49.6 1,303

5,210 1.0222 283.4 6,080
1,042' ----- _-- 5G.7 1,216

4,490 1.0205 225.5 6,010
898 -- _- . 45.1 1,202

5, 05 1.0193 240.4 6,355
1,017 ........ 48.1 1,271

3,525 1.0201 173.G 5,330
705 ........ 34.7 1,.061

18,310 1.0205
91G ........

6,:370 1.0176
1,274 ........

!5,015 1.0200)
i,(M)3......

11,3s5 1.01x5
1, 1:i ........

1.0198 629.8 12,405 1.0207
. 63.0 1,241 ........

I

1.0238

1.0225

1.0242

1.0258

922.9 23,775 1.0241
4t;.1 1,189 _.....

274.7
54.9

245. 7
4!9. 1

354.5 7,070 1.0210
70.9 1,414 ........

331.3 6,870 1.0214
66.3 1,374 ........

376.8 6,520 1.0223
75.4 1,304 .....

336.9
67.4

1.

4,720 1.0275
9.44 ......

5, 030 1.0248
I,(H)( .... ...

520. 4 9, 7:,0
!5.0 975

1.02f,2

5,890
1, 178

(626.9

62.7

363.8
72.8

360.2
72.0

356.2
71.2

1.0211 304.5
----.-. (',0.9

,399.5 26,350 1.0212 1,384.7
70.0 1,318 ........ . 19.2

318.0 6,795 1.0196 326.3
653.6 1,359...........65.3

305.6 7,050 1.0162 279.8
61.1 1,411) . . -... 516.0

623. 6 13, 845 1. 0179
(12.4 1,385 .......

606.1
lt1.6

Total
solids
(factor
0.245).

Grams.
311.3
62.3

315.6
ti3.1

i
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TABLE VII.-Urine determinations-Volunme, specific gravity, and total solids, Series
I711-Continued.

SU MiARIES.

[Averages are per man per day.]

Nos. 1 and 4.

Period.

Fore period.

First subperiod:
Total................................
A verag.........................

Second suhperiod:
Total...............................-
Average..."........................

Entire fore period:
Total...............................-
Average.............................

Preseratir period.

Specific

-obune. gravity
Sac

350/250 C'.

re.
8,740 1. 02i4

874 ..........

10, 320 1.0229
1,032 .........

19, Otio 1. U247
953 ..........

Total
solids
(factor
0.245).

Grams.
5!59. K

5i'. 0

57". 7
58. u

1,139.5
57. U

Nos. 1, 2, 4, 5, and 6.

Specific Total
1'olume. gravity solids

at (factor
250 250 C. 0.245).

rC.

23, fJ.: 1.0235
"47 .........

2i0.175 1.0'225
1,047 ..........

49, S50 1.0230
97-.........

Grams.
1,344.5

5:3.8

:.7. 3

2,77i.8
55.53

First subperiod:
Total................................ 9,095 1.0252
Average............................. 910 .........

Second subperiod:
Total................................. 8,730 1.026tit
Average.............................. 873.........

Third subperiod:
Total............................... 8,0'20 1.028t
Average.......................... 802 ..........

First, second, and third subperiods:
Total.................................... ..........
Average......................... .......... ..........

Fourth suhperiod:
Total................................. 8,075 1.0289
Average.............................. 808 ........ "

.Sho. 2 24. 245 1.0245 1. 431. 1
56).0 I 970 .......... .57.2

569.ti 25 ,40
57.0 1,026i

1. 0r239

5611.8 24,550 1.0253
51. 2 982 ..........

....... 74, 43. 1.0241i
..............

1. 4401. 1
7. II

1, 4tt1.8
58.7

4, 338. 0
i7. 8

572.0 ..........
7. -....

Entire preservative period:
Totial..............................-
Averuge........................

After period.

First suhperiod:
Total.................... ........
A verag............................

Second subperiod:
T ota l.................................
Avirage..........................

,ntire after period:
T ota l.................................
Averago................... .......

I
S41..........

N , 4fin 1.1137!1
47 .........

7,7530 1.026io
i..> . . . . . . . . .

li, 21:1
11

1.0274

2, 23. li
5+ti.lip

1577.4 22,825 1.0254
57.7 91 : ..........

510. 2
51.0

1,087.i.
54. 4

23. 99 1.0235

4'. 124 1.0424ti
!:22 ..........

1,391.2
55. t

I.S1l.3
52. 7

2.7911. 5
:4.2

3 .......... .......... ..........
.......... .......... ..........
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TABLE VII.-Lrine determinations-Volume, specific gravity, and total solids, Series
VIII-Continued.

StUMMARIES-Continued.

[Averages are per man per day.]

Ios. 7 to 12. Nos. 1 to 12 (omitting No. 31.

I Period.
Volume.

Fore period.

First subperiod:
Total...............................-
Average ........................

Second sulperiod:
Total.......................... ....-
Average..."........................-

Entire fore period:
Total...............................
Average............................-

Prescrratire period.

First subperiod:
Total................................-
A verage............................

Second sushperiod:
Total.....------------.--------------
Average............................

Third subperiod:
Total............................-
Average--------.-.-.---.---.-.------

First, second, and third suhperiods:
Total................................
Average............................

After period.

First subperiod:
Total................................
Averag- .........................

Second subperiod:
Total................................
Average..........................

Entire after period:
Total................................
Average...........................

cc.
36, 805

1,227

38,000
1,270

74,895
1,248

35,140
1,171

36,195
1,207

37,180
1, 2:39

Specific
gravity

at
250/250 C

1.0197

1.0195

1.0196

1.0220

1.0200

1.0210

Total
solids
(factor
0.245).

Specific
Volume. gravity

at
250/250 C.,

Grams. cc.
1,722.0 60, 480 1.0213

57.4 1,100 ..........

1,731.7 64,265 1.0209
57.7 1,168 .........

3, 453.7
57. 6

1,&37.3
61.2

1,742.1
58. 1

1,898.4
63.3

108,515 1.0210 5,477.8
1,206 ........... 60.9

124,745
1,134

59, 385
1,080

61,835
1,124

61, 730
1,122

1. 0211

1.0231

1.0217

1.0229

182,950 1.0226
1,109 ..........

31,135 1.0212 1,797.5 58,9(0
1,205 ........... 59.9 1,072

36, 135 1.0199 1,686.5 59, 434
1,205 .......... 56.2 1,081

72,270 1.02016 3,484.0 118,394
1,205 .......... 58.1 1,0711

1.0231

1.021(1

1.0224

RATIO OF SULPHUR, SULPHATES, AND PHOSPHATES TO NITRO-
GEN EXCRETED IN THE URINE.

1 NI VII'l)1( . AL )kTA.

I1 IU)le \ I I !i'( give'ni the (1l8la r('laillg ti I lli' (()IiiJUi'Ut-iv' (pl11-

t it ies of siilphiulr, suil)hIutes, a1(I 1)llosp)llates excXretell ill the lrine to

ille nitrogen thereinl. Ile object of this stmLlly was to determine
WI iet ier ie 11( llllllif i t fu1011 of tie I)i'('sori-V ill the forl eit ler of

1)('1Zi(l !1(11 ( )1' 5()(lllIll l)('I Oll( (l1st lI'l)s Ill Ill1 ' 1Otll)C degreee th1e

)rte1 Il loitlal)Sl11 i SI1)WI1 l) the relation e1XIill l)etleell the il-

phulr, slhatel, n11( phoh)1tes excrete(l ill the urine a1(1 the nit rog eni

t herein. rIle (lut11 SlOW I lint Iie total liftrogeoll 11 Ilie 11r1111lenthc:lSc

of NO. I is al illust I le sllle ill I le fre' 1)etflai !111(1 0the J)reserY iVe

)eri(l but is <Iimuinished considerably il th e after Ieriod(. rhe ratio

Total
solids
(factor
0.245).

(ra ns.
3. 0tl. 5

55.8

3, 164.0
57.5

i,2:30.5
56. 6

3,268.4
59. 4

3. 182.2
57.9

3, 365.2
61.2

9,815.8
39. 5

3,18.. 7
58. 0

3,004.8
54. ti

i, 193.5
5ti.3

I
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of the sulphates as SO is slightly decreased in the preservative
period and is the same in the after period as in the fore period. The
ratio of phosphoric acid is increased in the preservative period and
slightly increased in the after period.

In the case of No. 2 the (quantity of nitrogen excreted in the urine is
markedly increased in the preservative period while it is almost the
same in the fore and after periods. The ratio of the total sulphur to
the nitrogen is slightly increased in t he preservative period and again
in the after period. The ratio of sulphates as SO, is the same in the
fore and preservative periods and is slightly diminished in the after
period. The phosphoric acid ratio is slightly increased in the lre-
servative period and remains the same in the after period as in the

preservative period.
The quanltity of nitrogen excreted in the urine inl tle case of No. 3

in all the three periods is almost the same, being slightly less in the
after period. The total sulphur ratio is the same in the fore and pre-
servative periods and is notalbly increased in the after period. The
ratio of sulphates as O,0 to nitrogen is practi(ally the sale tllroughout
the observation. The phosphoric acid ratio is slightly less in the pre-
servative period andl is practically the same in the after period.

In the case of No. 4 there is slightly less nitrogen in the urine in the

preservative period than in either the fore or after periods. The ratio
of total sulphur is slightly increased in tle preservativye and after

periods. The sulphate ratio is practically the samte throughout the
observation. I he phosphoic acid ratio is decidedly increased I in tle

preservat(' perio( d ald again increased to even a gret(eIr extent iii t1e
after period.

The total quantity of nitrogen in thie urine in the Case of No. 5 is

notal)yV larger in1 the )reservat ive period t ham n in tle fore or afti'r

perio(. The ratio of total sulphur is increased iii the preservative

ando1( a ftcr pIerpio ds. The sll)hateC I'atio is 111Ioh imin Iiish 1 t in t I'eserI'Cva-
tive period while in1 the after period it rises ahneiost to the sullne in11g-

nit udole as in th le fore perio(I. 'I'll phosphoric acid ratio iS increased in
the )IeServait ive peiiIo and in tle after perio(1 falls again lby ab)olt
hll t 1e (llalutitv of ile increase. Iii the ca8e of No. ti lie (iailtit-

of Ilitrogell is leFcfes('( Ill th 1> li)Fes('FVative period. Ille rat io of t le

sil j) 11ris lhe 1sIlle iii t he for' all )reserVatilVe peiods and is d('1-

edl" increased in Ile after period . The ratio of the sul )hiat('s a1 8()

is almo110 st the sam ie in all th 1e perimls. ThII e' rat 1(> of pho(s1)hoIt (ric nei d is

diilihed iii the preservltiv an after periods.

[In the case of No. 7 tle total quatittvy of nitrogen is less in tile pre-
servat ive period an1i decidedly" less in t he after eriod. The ratio of

sulpj hluir winiins the a linc in all t lie p)eriods. The ratio of suilphiates
is sliglitly diminished in the I)eserv"ati ve period while there is a very

1115
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slight increase in the after period. The ratio of the phosphoric acid
is notahly- increasel in both the preservative and after periods.

No. S shows a slightly increased excretion of the nitrooen in the

preserv-at ive ant after periols. Th'(e ratio of the total sulphur is
markedly increased both in the preserv-at ive and after periods. The
rati1) of the sll)hates reimailns nea ly conistalt throughout, while the

ratio of phosphoric acid increases both in the preserv-ati ve and after

periods.
No. 9 shows a slight increase in the Iitrogen excretel both in the

pres'rv'at-ive an( after per)(ols. T11 sul phIur ratio is increased both
in the preservative andi alter periods, while thle sul phate ratio is very
slightly increased in the preservative period and! falls again in the
after period to almost the same na nitutle as the fore periodI. The

phosphoric acid ratio is not ably increase(! both in the preservative
ant! after periods.

IIn the case of No. 10 there is b1ut little change in the amount of
nitrogen excretel, though t here is a larger quantity in the rese'va-

tive period and a slightly larger quantity- inl the after period than in

the fore period. The ratio of the total sulplhur is notably increased
both in the preservative and after periodls. The ratio of the sulphates
reinains alhnost constant tliroughout. The ratio of phosphoric acid
is notably- increase(I in the preserv"at-ive period ant! to a less extent in

the after period.
In the case of No. 11 there is a lota)le inic'ease in the <quantity of

nitro gen excreteod inl the preserv"ativ e )eri)odI. The ratio of the sul-
plur is largely- increased in the preserve ati ;e period. The sulphate

rat 10) 1 almost tIe same throughout , while t lie )hosphioric acid( ratio

is n otaly inIcreasedI ini b11 )oth tlie pirese rv at\ive anI1l afIt er perio(is.
No. 12 shows an increase of t h lie it rogen excreted in1 the piese'va-

ti" e IrFiod. The slhur ratio) is sli ghtl I larger in the preservative
period, the sulphate's ratio reIIainis uncihlalnged'( throughout, an1 tI Ihere

is but little change inl the phosphoric acid ratio, which is slightly
larerCI' Il tilt 1)ffs( I' ive )efilo .

SlUM11.11.\li ES.

: slltinary of Nos. I llnd I is 111!11(' for tie whole j)eriol. T1his

sillliilarIOW sVowfs v"ery littlrilt oll ill t ll (bxoretion of li rogell, 2111

Ill frf itse IIl t Ie 11J)1111C rat It I)01 Il ll I 1l)robse ilt lIye 1111( afteI er)lods,

11 chmig lli I e sill)hat' Illto, !ild a 11t al)le ic'easein I le 110)5-

1h)'ic-ai1( Ilt lt) I1l t Ie J)reservtiIVe j)er1l01 andl 1 grel'ater1 Iellase

ill the af1'ter period.
The sIiiiitnarv lfo Nos. 1 , 2, -I, ), !111(1ti sl ) s a sI igIt 111incrase 111

t11t (11ll;11 it\' 1 it rogPIi (Ncreteol i l I l lreser t iy e l)erio lll t1(l a
tlocreIs 0) 1 slight lV rellt il liiagiiit 11tle i ll hat1(( Ilrtetl in the llter

period. The ratio of t ie su1111hr to th1 litrogen is increased ill )O)ta I

l11 lf
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the preservative and after periods. The ratio of the sulphates is
almost the same in all the periods, while the ratio of phosphoric acid
to the nitrogen is increased in both the preservative period and the
after period.

The summary for those who received benzoic acid shows a tendency
on the part of this preservative to decrease the relative quantities of
sulphur and phosphoric acid excreted in the preservative period as
compared with the total nitrogen excreted, and there is no change
in the relative quantity of sulphates expressed as SO,.

The summary for Nos. 7 to 12, inclusive, shows a slight increase
in the quantity of nitrogen excreted in the preservative period.
There is also an increase in the ratio of the sulphur both in the pre-
servative and after periods. The ratio of the sulphates remains the
same in all the periods, but there is an increase in the ratio of phos-

phoric acid both in the preservative and in the after period. These
data for the subjects using sodium benzoate indicate the same tend-
ency, though less pronounced, as was shown for Nos. 1 to 6 receiving
benzoic acid, namely, a relative decreasee in the amounts of P.,0
and sulphur excreted, as compared with the nitrogen.

The final summary includes all the men except No. 3 and all the
periods except the fourth preservative period. These data show a
slight increase in the quantity of nitrogen in the urine in the pre-
servative period and a decrease of somewhat greater miagnitude in
the after period. The sulphur ratio is slightly increased in the pre-
servative period and still further increased in the after period. The
sulphate ratio remains the same in all the periods. The phOs})poric
acid ratio is increased in the preservative period and again increased
in the after period. This summary of necessity confirms the uniform
tendency manifested in the pre(Eding cases to decrease t le excretion
of sulphur an(I of phos)horic aci(I in relation to th(le qlantity of
nitrogen excreted, while no effect is produced llponl the excretion of
the sullphlates in the urine ini relation to thtle (ailntity of nitrogen.
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[Averages are per day.]

No. 1.

Period. Quantity.

Nitrogen. Sulphur.

Fore period.

First subperiod:
Total.......................
Average....................

Second subperiod:
Total.......................
Averages...................

Entire fore period:
Total.......................
Average................... .

Preserrats're period.

First subperiod:
Total.......................
Average....................

Second subperiod:
Total.......................
Average... ...............

Third subperiod:
Total.......................
Average....................

Fourth subperiod:
Total.......................
Average....................

Entire preservative period:
Total.......................
A verage................... .

After period.

First subperiod:
Total.......................
Average... .............

Second subperiod:
Total.......................
Average................... .

Entire after period:
Total.......................
Average................... .

Grams.
58. 26
11.65

65.93
13. 19

124. 19
12.42

Grams.
4.431

.886

SOa.

Grams.
9.430
1.886

P2 O;.

Grams.
10.674
2.135

Ratio.

No.2.

Quantity.

S : N. SO3 :N. P2 O;:N. Nitrogen. Sulphur.

:5 Gram. e
1:13.1 1:6.2 1:7. 73.13

.................... ......... 14.62

Grams.
5.248
1.050

4.867 10.317 11.389 1:13.5 1:6.4 1:5.8 90.25 6.086
.973 2.063 2.278 .............................. 18.05 1.217

9.298
.930

19.747
1.975_

22.063 1:13.4 1:6.3 ' 1:5.6
2.206 ................... ........

66.44 4.730 10.720 10.000 1:14.0 1:6.2 1:6.6
13.29 .946 2.144 2.000 .................... ..........

61.18
12.24

4.735 10.079 9.728 1:12.9 1:6.1 1:6.3
.947 2.016 1.946 ..............................

65.87 4.767 10.558 10.309 1:13.8 1:6.2 1:6.4
13.17 .953 2.112 2.062 ..............................

64.36
12.87

257.85
12.89

58.42
11.6x

4.678
.936

18.910
.946

4.311
.862

10.291
2.058

41.648
2.082

9.382 1:13.8 1:6.3
1.876 .......... ..........

39.419 1:13.6 1:6.2
1.971 ...................

1:6.9

1:G.5

9.486 7.897 1:13.6 1:6.2 1:7.4
1.897 1.579 .......... .......... ..........

55.64 3.973 8.715 7.882 1:14.0 1:6.4 1:7.1
11.13 .791 1.743 1.576 .................... .......

114.06 8.284 18.201 15.779 1:13.8 1:6.3 1:7.2
11.41 .828 1.820 1.578 ........................... .

503. PsO.

Grains.
11. 195
2.239

12.892
2. 578

Grams.
15.664
3. 133

S:N.

1:13.9

17.187 1:14.8
3.437 ..........

ltit in.

SU3 :N. I'a):N.

1:6.5 1:4.7

1:7.0 1:5.3

.. . . . . . . . . . . . .

163.38 11.334 24.087 32.851 1:14.4 1:6.8
16.34 1.133 2.409 3.285 .................

88.32 5.987 12.827 16.621 1:14.8 1:6.9
17.66 1.197 2.565 3.324 .......... ..........

86. 12 5.968 12.721 17.157 1:14.4 1:6.8
17.22 1.194 2.544 3.431 .......... '..........

88.47 5.950 12. 905 16.873 1:14.9 1:6.9
17.69 1.190 2.581 3.375 ....................

83.12 5.737 12.302 15.436 1:14.5 1:6.8
16.62 1.147 2.460 3.087 ....................

346.03 23.642 50.755 66.087 1:14.6 1:6.8
17.30 1.182 2.538 3.304 .......... ..........

1:5.0

1:. .. :i

1:5.0

1:5... 2

1:5.0

..... 2.. . .

82.23 5.545 12.272 15.361 1:14.8 1:6.7 1:5.4
16.45 1.109 2. 451 3.072 ..............................

82.38 5.616 12.283 16.268 1:14.7 1:6.7 1:5.1
16.48 1.123 2.457 3.254 ..............................

164.61 11.1(1 21.555 31.629 1:14.7 1:6.7 1:5.2
16.46 1. 116 2. 156 3. 163 ............................



N No. 4.

Period.

Fore period.

First suhperiod:
T otal.......................
Average.................

Second suhperiod:
Total.......................
Average................... .

Entire fore period:
T otal.......................
Average................... .

Preserrairc period.

First suhperiod:
Total.......................
Average...................

Second subperiod:
Total.......................
A verag................

Third subperiod:
Total.......................
Average... .............

Fourth subperiod:
Total.......................
Average................... .

Entim preservative period'
Total.......................
Alerag ....................

After period.
First euhperiod:

Total.......................
Averagre................... .

Second subl'pe riod:
Total.......................
A verag'.................. .

Entire after period:
Total.......................
Average................... .

Rat in.

P -o S: N. S- :.-'a : .

(Quantity.

Nit rogen. Sulphur. Sl03.

Grams. Gr
70.97
!4.19

72.29
14.46

143.26 1
14. 33

73.51
14.70

74.44
14.89

71.31
14.21

65.51
13.10

24.77 1
14.24

70.53
14.11

65.77
13.15

136.30
13.63

rams.
.i.027
1. ()5

Grams.
11.005
'.101

Gram m
12. 5461

2.5. J
1:14.1 1:6.4 1:5.7

.......... .......... ..........

4.98t 10.754 12.0'24 1:14.3 1:6.7 1:i.0
.997 2.151 2.40. .......... .......... .......

0.013 21.759 24.570 1:14.3 1:6.6 1:5.S
1.001 2.17t1 2.457 .......... ....................

5.224 11.(128 12. EI1 1:14.1 1:(i.3 1:5.7
1.045 2.32(6 '.580 .......... ...................

5.124 11.323 18.594 1:14.5 1:t).6i 1:4.10
1.025' 2.2ti5 3.719 ..............................

4.939 10.811 10.751 1:14.4 1:i.6i 1:6G.i6
.988 2.2l i 1.0 .................... ..........

4. 607
.921

9.894
. '* is

2.047

43. 998
2.200 l

10.324 1:14.2 1:li.4 1:li.3
2.INk'> .......... .......... ..........

2. 570 1:14.3
2.I20 ..........

4.ii! 10.97t1 11.863 1:15.3
.r20 2.195 2.3173 ..........

4.437 10. 032 12. 984 1:14.8
.887 2.0mi 2.597...........

9.039 21.(N)8
.942. 101

24.847
2.

1:15.1

1:(i.5 1:i.4

1:6(.4 1:5.
.......... ..........

Quant yit".

Nitrogen. Sulphur. SO4.

Girams,. (r
tll 5:,
12. 11

70.49
14.10

131.04
13. 10

(67. 911
13.5!)

(3. 11
12. 62

61.1i66
12. 33

(61. 93
12. 39

254. 1
12.73

71. 45
1 ". 09

590.79
11. !Il

aums.
4.391

.878

4.914
.983

Gra ns.
9. 582
1.916

11).1i30
2.12t11

It io.

S: N.Psqs.

Graims.
11. l09
2. 322

1:13.8 1:(i.3 1:5.2

11).485 1:14.3 1:6i.6( 1: i.7
2.097 .......... .. .................

9.305 20.212 22.094 1:14.1 1:(i.5 1::i.9
.931 2.021 2.20. .......... .......... ........

4. 10.4;0 1.471) 10. 52 1:14.6 1:5(i. 1:6.5
.933 2.104 2.105 .......... ...................

4.278 9.434 10.203 1:14.8 1:li.7 1:li.2
.8 : it 1.887 2.041 .......... .......... ..........

4.204 9. 329 9. l82 1:14. 7
.841 1. ti t 1.9316 .........

4.335 9.340 9.213 1:14.3
.8 7ii 1.8tis 1.853 ..........

7.41 :8.573 39.174 1:14. 6
.874 1.929 1.984 ..........

4. 6915 10. 593 10. 131 1:15.0
.939 2.119 2.021 ..........

4. 180) !.3 :47
8:16 1.411!1

8.1172 1:14.3
1.61i4 ..........

1:6.5 1:5.5 130.24 8.875 19.940) 18.2031 1:14.7
11. n21 .888 1.994 1.820

I : 6., 6i l: 6. 4

1:6i.6i 1:(i.4... ....... ..........

1:(i.6 1: i.7
.......... .... ....

1:fi.7 1:7.10

1:li.4 1:7.4

1:6i.5 1:7.2

O
H

0
C)

N
0

H

J2

No. 3.

i

1:11.,1 1:5. 1



T'.<aut: \ 111.-1'ritcdctfcrin ltions-Iatio of sulph ur, sullphate's, and( phsp/hats to n itroen , Seris I 711 (' ntinut al.
[Av erages are per day".]

No. .

Period.

Fore period.
First subperiod:

Total.......................
Average.. .............

Second suhperiod:
Total.......................
Average................... .

Entire fore period:
Total.......................
Average ................... .

Preservatire period.
First subperiod:

Total.......................
Average....................

Second subperiod:
Total.......................
Average....................

Third suhperiod:
Total.......................
Averag ..... .............

Fourth subperiod:
Total.......................
Average................... .

Entire preservative period:
Total.......................
Average................... .

After period.
First subperiod:

Total.......................
Average... .............

Second subperiod:
Total.......................
Average................... .

Entire after period:
Total.......................
Average.... ..............

Quant it V.

Nitrogen. Sulphur. SUa.

Grams.
a 41.85

8.37

Grams.
2.915

.583

42.34 2.820
8.47 . 564

84.19 5.735
8.42 .574

44.43 3.078
8.89 .616

a 49.63
9.93

3.421
.684

53.63 3.431
10.73 .686

a 44.11
8.82

3.0fil
.613

Gra ms.
i.204
1.241

1'2O(,.

Grans.
!.251
1.850

Ratio.

S: N. SUS:N. IPY,:N.

1:14.4 1:li.7 1:4.5
.......... .......... ..........

5.889 7.683 1:15.0 1:7.2 1:5.5
1.178 1.537 .......... .......... ..........

12.093 16.934 1:14.7
1.209 1.l93 ..........

1:7.0 1:3.0

6.646 8.548 1:14.4 1:6.7 1:5.2
1.329 1.710 .......... .......... ..........

7.341 8.776 1:14.5 1:6.8 1:5.7
1.468 1.755 .............. ..............

8.757 1:15.6 1:6.9 1:6.1
1.546 1.751 ........ .......... ..........

1i.778 7.718 1:14.4 1:6.5 1:5.7
1.356 1.544 .......... .......... ..........

191.80 12.99ti 28.493 33.799
9.59 .650 1.425 1.690

n 45. 53
9.11

41.81
8.36

87.34
8.73

2.953
.591

Qlilunt it y.

Nit rogen. Su

Gram ns.
4(1.3
13.31 

69. 15
13.83

35. 70
13.57

64.24
12.85

66. 18
13.24

65. 09
13.02

63.52
12.70

1:14.8 1:6.7 1:5.7 259.03
........ .......... .......... 12.95

fi.612 8.419 1:15.4 1:(i.9 1:5.4
1.322 1.694 .................... ......... .

2.802 5.974 7.709 1:14.9
.560 1.195 1.542 ..........

1:7.0 1:5.4
.......... ..........

5.755 12.586 16.178 1:15.2 1:6.9 1:5.4
.5711 1.259 1.118 .......... .......... ... ......

614.87
12.97

rams. Grams.
4.6(70 9. 952
.934 I.990)

4. (150 9.90r5
.930 1.9h1

9.:320 19. 857
.932 1.995

4.374
.875

4.5:30
.906

9.473
1.895

9. 795
1.959

4. 509 9. (176
.902 1.935

4.289 9.350
.858 1.870

No.,.

(;rni 1118
11.31+5
2.27

S: N.

Itat io.

SOa:N. P'l

1:14.3 1:6.7

10.931 1:14.9 1:7.0
2.16i ........................

22.316
2.232

1:14.11 1:6.8

11.174 1:14.7 1:6.8;
2.2351 .......... .......... .....

11.475 1.14.6 1:6.8
2.295. ................... ...

10.675 1:14.4 1:6.7 I

2.135 ......... .......... .....

11.124 1:!4.8 1:6.8
2.225. .......................

1:5i.8 ZM

......
1:(i.3

1:ti.7 *

..... M
I: i7

rn
1:5.8

. . . . .

I:i5.7 t
....

17.702 38.294 44.448 1:14.6 1:6.8 1:5.8
.885 1.915 2.222............................

4.118 9.3(6 11.431 ):15.8 1:(i.9 1:5.7
.824 1.873 2.2816 .......... .......... ..........

a i0.46 4.088
12.09 .818

125.:33 8.20fi
12.53 .821

x

H

9.228 10.633 1:14.8 1:6.6( 1:5.7
1.846 2.127 .......... .......... ..........

18.594 22.014 1:15.3 1:6.7 1:5.7
1.859 2.206 .......... .......... ..........

a Average added to complete record.

O1

G.



IRatio. Quantity.

Nit ragen. Sulphur.) SO 3.

Fore period.

First shperiod:
Total.......................
Av.'rag................

Second subpewriod:
Total.......................
Average................... .

Gra ns.
612.01
12.40

61. 92
12.38

Entire fore period:
Total....................... 123.93
Average.................... 12.39

Preaermtire period.

First suhperiod:
Total....................... 61.95
Average.................... 12.39

Second subperiod:
Total....................... 55.96
Average.................... 11.19

Third subperiod:
Total....................... 54.17
Ave ra .................... 10.83

Fourth su period:
Total....................... 60.72
Average.................... 12.14

Entire preervative period:
Total....................... 232.80
Average.................... 11.14

After period.

First suhperiod:
Total....................... 50.94
Ave rage.................... 10.19

Second subperiod:
Total....................... 53.80
Average.................... 10.76

Entire after period:
Total...................... 104.74
Average.................... 10.47

Grains.
4.423

4.57th
.015

Grams.
" 9.589

1.918

9.:119
1. 904

12O:,. S : N. SO3 : N. PsOs : N. Nitrogen.

Grams. Grams.
9.854 1:14.0 1:6.5 1:6.3 55.38
1.971 .......... .......... .......... 11.08

9.239 1:13.5 1:i. 5 1:ti.7 59.(f8
1.848 .......... .......... .......... 11.94

8.999 19.108 19.093 1:13.8 1:li.5
.!N(1) 1.911 1.909 ....................

4.5t14 9.897 8.903 1:13.61 1:6.3
.913 I 1.979 1.781 ....................

3.987 8. 686
.797 1.737

8.377 1:14.0 1:6.4
1.(175 .......... ..........

3.79t1 8.370 7.185 1:14.3
.759 1.674 1.537 ..........

4.464 9.721
.893 1.944

7.939
1.588

1:13.6

1: 6.5

1:6.2

1:6. 5

1:7.0

1: . 7

1:7.0

1: 7.G
..........

16.81l 316.6174 32.904 1:13.8 1:(i.3 1:7.1
.841 1.834 1.145 .... .. .......... ..........

115. 06
11.51

62.47
12.49

61. 29
12.2(1

58.88
11.78

Sulphur.

Grams.
4.133

.827

4. 132
.826

53. POS.

Grams. Grams.
8.6111 9. 160
1.724 1.832

8.910 9.458
1.780 1.892

S : N. S03 : N.

1:13.4 1:6.4

1:14.4 1:6.7

8.215 17.519 18.618 1:13.9 1: 6.(
.827 1.752 1.8t62 ....................

4.373 9.283 10.152 1:14.3 1: 6. 7
.875 1.857 2.030 .......... ..........

4. 253
.851

4.113
.823

61.29 4.047
12.26 .8091

243.93 16. 78(1
12.20 . 839

3.1t'3 7.943 7.398 1:14.1 1:6.4 1:6.9 (i2.19

.721 1.589 1.480 .......... .................... 12.44

3.991i 8.489 7.193 1:13.5 1:6.3 1:7.5 (12.39
.799 1.6i98 1.439 ........... ................... 12.48

7.599 111.432 14.591 1:13.8 1:6.4 1:7.2
.7(i0 1.643 1.459 .. .

124. 58
12.46

4.074
.815

9.166
1.833

8. 865
1.773

8.947
1.789

10.481
2. 096

1:14.4 1:6.7
I . . . . . . . . . . .

8.149 1:14.3
1.730 ...........

8.988 1:15.1
1.798 .........

36.2(il 38.270 1:14.5
1.813 1.914 ..........

9.4ti9 8.694 1:15.3
1.894 1.739. .........

1:6.ti

1: 6. 9

1:(6.7

Ratio.

1:11.( 1:7.2

4.182 9.544 RL5111 1:14.9 1:6.5 1:
.836l 1.!N)9 1.912 .................... ......

8.2!(6 19.013 18.254 1:15.1 1:(i.6 1:
.826 I 1.0I)1 1.825 .................. .....

G. 5

11.8
... (

Period. Quantity.

P2Os : N.

1:6.0

1:6.3

1:6.2

1:6.2

1:5.8

1:i.8

1:(6.8 O

1:(6.4 J

. . .....

No. 8.No. 7.



T.un L:1 111. I alEE EI(ttennil iaI;,' - tiu j >/f s ulph ur, s tsu , au1/ phosphate es t1, nitro1urn, Nir s J'lII -('4 nlinul.

[Averages are pe'r da y.]

No. 9. N o. 10.

1'eriodl. Quanlt it y.

Nit rogen. Sulphur.

Fore period.

First suhperiod: Grams.
Total................. ...... a 68.98
Average.................... 13. 80

Second suhperiod:
Total....................... 68.46
Average.................... 13.69

Entire fore period:
Total.......................
Average....................

Preserratire period.

137.44
13.74

First subperiod:
Total....................... a 70.63
.Average.................... 14.13

Second suhperiod:
Total...................... 64.96
Average.................... 12.99

Third subperiod:
Total....................... 75.
Average.................... 15.14

Fourth sulbperiod:
Total.................................
Average..............................

First, second, and third sub-
periods:

Total....................... 211.29
Average.................... 14.09

Entire preservative period:
Total.........-....-...........
Average....................... ....

Grams.
4. 833

.9671

4.753
.95i1

9. 5i6
959

Rt .

Grams.
10. X71
2.174

10. titi7
2.133

21. i38
2. 154

PsO:,. S: N.

Rat io. l uiaut it y*.

S( :N. I1'111;,:N. Nit rogen. Sulphur.

Grams.
13.154 1:14.3 1:ti.3 1:5.2
2.1131 .......... .......... ..........

11.24ti 1:14.4 1:6.4 1:6.1
2. 249 .......... .......... ..........

24.4() 1:14.3 1:6.4
2.440.....................

4.861 10.732 11.772 1:14.1 1:( .ti
.972 2.14ti 2.314 ....................

4.464 9.981 10.:589 1:14.6
.893 I 1.99tN 2.118 ..........

5.219 11.4:0
1.044 2.290

14.544
.970

32. 163
2.144

1:5.6

1:6.0

1:. . 1:6.1

11.336 1:14.:1 1:6.6 1:6.7
2.2117 .......... .......... ..........

33.1697

.......... .......... ..........

1: 14.3 15: (i.6 1i l:(i. 3

Grams.
53. 83
10. 57

57. 82
11.5(1

111.65
11.17

(i7.57
13.51

a (2.75
12.55

54. 46
10. 89

a 48. 25
9.65

Gra ms.
3. 61

.772

3. 842
. 718

7. 703
.770

4.394
.879

4.236
.847

3.555i
.711

3.244
.49

Grams.
8. 158
1.63'!

8.263
1.6153

16. 421
1. 642

9.691
1.938

9.329
1. 8ti6

7. 09
1.522

7. 008
1.402

2.246 .......... .......... .......... .......... ..........

233.03 15. 429
......... .......... ........ ......... 11.1:5 .771

33. 637
1. 682

I' 2 0:,. 5: N. .

Grams.
10.1 52
2.112

1:13.9

si:1 N. in:

1:16.11 1:5.1
... .. . .. ... .. 0

9.774 1:15.0 1:7.0 1:5.9
1.! .................................

20.336 1:14.5 1:li.8 1:5.5
2.034...............................

11.172 1:15.4 I 1:7.0 1:11.0
2.234 .......... .......... ..........

10.!6ii3 1:14.8 1:.7 1:15.9
2.113 .......... .......... ..........

8.298 1:1i.3 1:7.2' 1:G.6
1.11(1 .......... .......... ..........

8.429 I 1:14.9 1:6.9 1:5i.7
1.686G . ........ .......... ..........

38.4(12 1: 1i.1 1:G.9 1:6.1
1.923 .......... ......... . .........

0
0

H

M~

H



.Ift/ r pe r eid.

First subperiod:
Total.......................
Ave raag.................

Second sulperiod:
Total.......................
Averag*....................

Entire after period:
Total.......................
Average....................

71.30 4.919 10.928 10.589 1:14.5 1:6.5 1:6.7 58.99 3.67414.26 .954 2.186 2.118 .............................. 11.80 .735
73.17 4.810 11.253 10.919 1:15.2 1:6.5 1:6.7 54.31 3.6414.63 .9ti2 2.251 2.184........... .................... 10.86 .731

144.47 9.729
14.45 .973

22. 181
2.218

21.508 1:14.8 1:ti. 5 1:6.7
2.151 .......... .......... .......... '

113.30 7.328
11.33 .733

8.602
1.720

7.958
1. 5'2

1. b0

9.900
1.980

1:16.1

9.294 1:14.9
1.859 ..........

1:6.9

1:6.8

19.194 1:1!i.5 1:6.8
1.J19 ....................

a Average added to complete record

N
0

n

t:/

1:6.0

1:5.8



T'._Ll.K V\11 .- 1 mu (iietratnioulns'-.- Ruli H) ofSu/lphur, su+1+ln1hate, a+1+1 plhosphatces to litrIU nl, Scrits 1111 -i('antimwIl((.

[Averages are per day.]

Period. Quant ity.

Nitrogen. Sulphur. SO3 .

Fore period.
First suhperiod: Grams.

Total ....................... 71. 23
AXverage?.................... 1425

Second suhperiod:
Total....................... 9.08
Average.................... 13. R2

Entire fore period:
Total...................... 140.31
Average.................... 14.03

Preserratire period.
First suhperiod:

Total...................... 81.41
Average..................... 16.

Scond suhperiod:
Total...................... 67.
Average.................... 13.

Third subperiod:
Total....................... 8 .01
Average.................... 1.80

Fourth sublaperiodL
Total....................... \.72
Average................... 15.74

Entire preservative period:
Total...................... 311.81
Average.................... 15.59

After period.
First subperiod:

Total....................... 72.07
Average.................... 14. 41

Second subperiod:
Total..................... .940
Average................... 15.08

Entire after period.
Total...................... 147.47
Average....................14.75

Grams.
5. 189
1.038

4. 569
914

9.758
.976

Grams.
11. 031
2.006

10.028
2. 006

No. 11.

Ratio.

POS. S: N. SO3 :N.

Grams.
13. 543 1:13.7 1: (i. 5
2.709 .......... .........

10.929 1:15.1 1:6.9
2.186 .......... ..........

No. 12.

POS:N. Nitrogen.

1:5.3

1:6.3

Grams.
62. 9i
12.59

68. 27
13. 65

21.059 24.472 1:14.4 1:6.7 1:5.7 131.23
2.107 2.447 .............................. 13.12

5.357 12.077 13.208 1:15.2
1.071 2.415 2. G42 ..........

4. 'i5 10.366
.931 2.073

11. 030
2.2011

1:6.7

1:14.5 1:6.5
. ........ ...... ...

;. 437 12. 537 13. 250 1:15.5 1:6.7
1.087 2.507 2.650.....................

5.241 11.843 12.904 1:15.0 1:6.6
1.048 2.:369 2.581 ....................

20.690 46.823 50.392 1:15.1 1:6.7
1.035 2.341 2.520 ..................

5.027 11.064 11.004 1:14.3 1:6.5
1.005 2.213 2.201 ....................

5. 223
1.045

10.250
1.025

11. 237
2.247

22.301
2.230

11.36 
2.273

22.370
2.237

1:6.2

1:f6.1

1:6. 3

1: 6.1

75. 79
15.16

71.38
14.28

71. 59
14.32

(11.37
12.27

1.6.2 280.13
.......... 14.01

1:6.5

1:14.4 1: 6.7 1: 6.f6
.......... .......... ..........

1:144 1:6.6 1: 6.6G

62.92
12.58

58.39
11.72

121.51
12.15

Quantit y.

Sulphur. SOP. l',;.

Grams.
4. 507
.901

4. 605
.921

9.112
.911

5.277
1. 055

Grams.
9. 558
1. 912

9.974
1. 995

Gra ms.
11. .591
2.319

12. 080
2.416

S: N.

1:14.0

1:14.8

19.532 23.676 1:14.4
1.953 2.368 ..........

11.458
2.292

4. 883 10. (157
.977 2.131

4. 925 10. 459
.985 2.092

9 146
.829

19.231
.962

4.195
.839

9. 181
1. 836

41.755
2.088

9.249
1.850

4.199 . 804
.840 1.761

13. 306 1:14.4
2. 66 1 i..........

12.737 1:14.6
2.547 ..........

11.526 1:14.5
2.:305 ..........

11.266 1:14.8
2.2..3 ..........

48. 835 1:14.6i
2.442 ..........

10.765 1:15.0
2.153 ..........

10.747 1:14.0
2.149 ..........

Ratio.

SO:N. PO,:N.

1: 6. 6 1: 5. 4

1:6. 8

1:6. 7

1:6.61..... ....

1:6.7

1:6. 8

1:6.7

H

M
r

0

1: 5. 7

1:5.5

1:5.7 M
......

1:5.6
......

1:6.2 3
......

1:5.4 72

1:6.7 1:5.7

1:6.8 1:5.8

1:6.7 1:5.5

0

H

8.394 18.053 21. 512 1:14.5 1:6.7 1:5.6
.839 1.805 2.151............................

.......... ..........



Sl'1iAf lRIIS.
[Averages are per mn per day .]

Nos. 1 and 4.

Itlio. (uant it y.

Nos. 1, 2, 4, 5, a nd ti.

I3itio.

Nitrogen. Sulphur. Su(. .

Fore period.
First subp rriod: Grams. Gramr. Grams.

Total ..................... 118.81 8. 822 19.012
Averaige................. 11.58 . M2 1.!9)1

Second subperiod:
Total....................... 136.42 9.781 20.947
Average.................... 13.61 .978 2.03

Entire fore period:
Total.95 3 1.63 3.W9ot l....................... 2 5 2 F N: 9 91
Average.................... 12.76 .90 1.9!1.

Preserratire period. -
First suhperiod:

Total....................... 134.40 9.393 21.1!10
Ave"(lrage.................... 13.44 .939 2.119

Second suoperiod:
Total....................... 121.29 9.013 19.513
Average................... 12.43 .1 1.9;;1

Third subperiod:
Total....................... 127.53 8.971 19.887
Average.................... 12.75 .897 1.989

Fourth subperiod:
Total....................... 126.29 9.013 19.631
Average.................... 12.63 .901 1.963

First. second, and third sub-
pe'riods:

T otal....................... .................... ..........
A verage.................... .......... ....................

Entire preservative period: I
Total....................... 512.1 36.390 80.221
Average.................... 12.81 .910 2.006i

After period.
First suhpernod:

Total........................ 128.87 9.0011 20.079
Average.................... 12.89 .901 2.(08

Second sulbperiod:
Total...................... 115.43 8.153 18.062
Average.................... 11.51 .81. 1.8l6

Entire after period: - -- --

Total...................... 211.a0 17.159 3~.i11
Average......................12.22 .838 1.907

1':0,.

Grams.
22. 283

2. 228

21.871
2.187

44. 157
2.208

I ' . 15262.033

19.931
1.9!3

: N. SO3: N. 1405 : N Nitrogen. Sulphur.

Grams. Grams.
1 :13.5 1 : 6. 2 1 : 5. 3 300.3 21. (i

... .. .'... .. .. ......... 12.0( 1 . 0l(1

1:14.0 1:6.5 1:6.2 338.16
.......... .......... .. .. 13.53

1 :13. 7 1 : (. I 1 : 6. 0 638.50
.......... .................... 12.77

1:14.3 1:6i.3 1 :6.5 331.39
........... . ........ .......... 13. 26

1:13.8 1:6.4 1:6.2 326.22
130)5

23. 337
.!133

44. 992
.9()

22.832
.913

22.932
.917

19.!N1 1:14.2 1:6.4 1 :6.4 331.72 22.861
1. 9 9................................ 13.39 .914

18.645 1:14.0 1: ).1 1:6.8 ....................
1.:G5 ...............................................

.......... .......... .................... 992.:33 6( .02'S

.......... --........ .......... .......... 13.23 .915

79.093 1: 14.1 1:6.1 1:6.5 ....................
1.977 .. ....... .......... .......... .......... ..........

18.028 1:14.3 1:6i. 3 1:7.1 321.50 I 21.622
1.803 '.......... .................... 12.86

15.951 1 :14.2 1 :6.4 1:7.2 300.08
1.M ': .......... ' .......... .......... 12. (N)

33.982 1 :14.2 1:6.4 1:7.2 621.58
1.(99. .............................. 12.43

.\65

20.65 9
.826

42.281
.IG1

803.

Grams.
.16. 363

1. 855

19. (133
1.985i

9l. 99(
1. 920

50. 136
2.005

.19.37(
1.975

50.196
2.008

119. 702
1.996

I'205. S: N.

Grains.
58. 583 1: 13.9
2.313 ..........

!57.(7i5 1:11.5i
2.3(7 ..........

1 i. 258
2. 32'5 .

1:1(.2

S0a: N.

1 : 6. 5

1:6.8

.... 1 . 7

!56.869 1:14.5 1:.(i.(6
2.275 .......... .........

i7. 339
2.291

3(6. 2911
2.252

170.201
.7 .

1:11..2 1:6.6

1:111.1 1:6.7

1:1.4.5i 1:6.6

P's5 : N.

1: 5. 1

1:5.9

1:.5; N

1 :. 3 N
..... . O

1:5.8

1:5.7

1: 5. 9

..... .

1:5.8 H
....... N

yT

48.329 53. 289 1: 11.9 1:(. 7 1:6.0
1.!33 2.132 .......... .......... ..........

.1,1317 :0.51 1:14.5 1:6.61 1:5.9
1. '2 2.023 .......... .......... .........

93.5171 103.853 1:114.7 1:16.1 I :t.0
1.878 2.077 .................... . ....

I'e r ii' I Qu int it y.

.

.......... .......... ..........

...............-...........--........---.--
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l'.;. t": 1.111.- Lr'i I </lfrrra tl lrans, lulio u r su, lp hurr, sulf lrlte", am/r phatxp lialrsl d op' eis Ir tlilru rrl ,(,ir 1'1 untiun t rl.

SU'MMA I lES -Continued.

[Averages are per mnu per day.j

Nos. 7 to 12.

Period. Quantity.

Nitrogen. Sulphur.

Fore period.

First suhperiod:
Total ..................
Average . .............

Second suhperiod:
Total ..................
Average ................

Entire fore period:
Total.......................
Average................... .

Preserratire period.

First suhperiod:
Total.......................
Average.................. .

Second subperiod:
Total.......................
Average................... .

Third subperiod:
Total.......................
Average....................

First, second, and third sub-
perio'ls:

Total.......................
Average....................

Gra ns.
374. 39

12. 48

3 5. 23
12. 4

759. 62
12. 6i"

419.82
13.99

314.01
12. N)

395.81
13.29

1,202.64
13.36

Gra rns.
2t6. 940

.21, 41

S 0;).

Gra ms.
;i7. 825

1. 92S

I PO,. S : N.

Grans.
G7. 869
2.262

26 .477 57.352 I2. 726
.\31.912 2. 091

53. 423

28.826
.9;1

111.177
1.!20

130. 595
2. 177

63.138 68. 51]3
2.105 2.284

26.478 58. 185
. 3 1.940

27.045
.902

63.777
2. 126

59.290 60. 744
1.976 2.025

82..349 11. 613
.915 2.0117

After period.

First subperiod:
Total..................... 378.41 25.492
Average.................... 12.61 .550

Second subperiod:
Total....................... 377.66 26.064
Average.................... 12.59 .869

Entire after period:
Total....................... 756.07 51.55i6
Average................... 12.1) .859

193.034
2.145

.57.255 58.350
1.909 1.945

1i7.285 59.079
1.910 1.969

114.540 117.429
1.909 1.957

Iatio.

Nos. 11 t 12 (ni ft inlg No. 3).

(uant it y.

SO :N. P;OU : N. Nitrogen. Sulphur.

1:13.9 1: G.5 1:5.5
.......... .......... ..........

1:14.5 1:6.7 1:6.1
.......... .......... ..........1 I_6 1:.

1:14.2

1:14.6

1:6.6 1:5.1

1:6.6 ' 1:6.1

1:14.5 1:6.6 1:6.0

1:14.7

1:14.6

1:14.5

1:14.5

1:14.7

1:6.7 1:6.6

1:6.6 1:6.2

.......... ..........

1:6.6 1:6.4
.......... ..........

1:6.6 1:6.4

Gramns.
ti74. 73

12.27

723.39
13.15

1,398.12
12.71

Gra mts.
4s. (011l

.8s4

Su;.

(ra ns.
1111. I1S

1. 894

I )0U.

Gra mts.
12. 452

2. 2!0

49.814 100.985 120.401
.900 1.945 [ 2. 189

98. 415
.59 !Ii

751.21 51.(65i
13.66 .!39

710.23 49.410
12.91 .898

733. 53
13.34

2,194.97
13.30

211.173
1.920

113.274
2. U(i0

107.55
1.956

49.906 109. 491
.907 1.991

150.974
.915

699.91 47.114
12.73 .557

677.74
12. 32

1,377.65
12.ir52

46. 723
.850

93.837
.853

241. N,3
2. 244

I{tt io.

S : N. S03 : N. 2I'Q

1:13.9 1:6.5

1:14.5

1:14.2

1:6.8

1:6.6

125. 382 1:14.5 1:6.6
2.2810....................

121.116 1:14.4 1:G.6
.20_ ...........

117.040 1:14.7
2.128 ..........

1:6.7 1:6.3
H.

C

x
t-

330.315 313.538 1:14.5 1:G.6 1:6.0
2.002 2.203 .... ....................

105.554 111.639 1:14.9 1:6.6 1:6.3
1.920 2.030 ..............................

102.832 109.643 1:14.5 1:6.6 1:6.2
1.870 1.994 ..... .....................

208.416 221.282 1:14.7 1:6.G 1:6.2
1.89) 2.012............................

J
S: N.

1: 5.3
..... (

1:11.0 
. . .. .

- 0
1:5.7
... ..

1:6.0)~~
.....

1:5.9 y

.....

.....

.....



BENZOIC ACID AND BENZOATES. 12

CHANGES IN THE RELATIVE QUANTITIES OF SULPHUR COM-
POUNDS EXCRETED IN THE URINE.

The sulphur anti the sulphur compounds, as in the previous experi-
ments, were determined as follows: Total sul)hur, which is entered
as S and as SO, in the table (Table IX), was letermnined by fusion
with Sodium peroxiI. The total sulphates, which are entered in the
table as SO., were determined by acidlifving a sample of urine with
hv-drochlloric acid, boiling and precipitating vitlh hariniii cllorid.
The ethereal sulphates were determined by precipitating the inorganic
sulphates with a barium hV-drate-hariul chlorid solution, filtering
and (letermining the ethlereal sul 1hates in the filtrate. Thme neutral
sulphur was calculated from the difference between the total sulphur
as S03 and the total sulphates. The inorganic sulphates represent the
difference betweenn the ethereal sulphates and the total sul)hates.

The ratio of the ethereal to the inorganic sulphates was ol)tained( 1)-
dividing tihe latter h\ the former. ThIe results are also expressed in

percentage of total sull)hur found in t he luine in t1 n s ofi' SOi.

IND)IVII)UAL. DATA.

For No. 1 it is seen that (1.:;1) gram of sulphlur is elilminated in the
fore )erio(, 0.946 gram in tlie preservative perio)(1, an11 0.S2S graini In

the after period. The ingestion of sulphlur in the food of No. 1, as

shown in the l)alance sheets (Tal)le X IV), is pract ically" constant, )eing
very little less in the preservative period than in tie fore period and
continuing to dhiminish slightly in the after period. It is, therefore,
seen that there is an increased elimination of total sullllr during tile
preservatives periool which is not ilifllelce(d in1 all\ waV byV thlie 1111)ll'

ill l e food. 'Isle 11e t 1r.11 sul l)uil 1 (li11inilie' 1 ill the' 1 reservev at iv
J)r'lo(l 2111(1 copI llltl('5 to (l1111111 l I 11 aftor f)CP(flo , tll(l 11 It' Ot'llt-

age ('Xc i'I loll of IltIll fIal silj)h11ilf' is .. 1 )ei I' le ls iii I lie j)'se'V\at iV(e

(riodlt thoi1 ill I 1( ore pi)O . 'l e 1 u t i lillt o f i 1 oto 1 sull)h t1t1 s is
slight lV- ilOtreasedl ]I thle l)rC5('r\"tlt i\(' 1)elio(I alid dhiiminished inl thle
Sllt(' 1j)eli1. Th( 1t1( re s1) flatesi j)flat ically ( )1111slt lot Il olIlg1-

ot, 1)ilg less ill i1 ie after )eriodlt h 1ll i Il 1)t )P 1eset"t ie or fore
period. It is, therefore, see0 that lie increased h1i1111t ion of sul ph111r
is (Il t l ilofg ill Sill ) ities ail(1 li lilfimt s' alli tilits to 0.1'12 g iillm

(loi ill I 1ie prserv at ive periot , e(tJeusilig i1 lie lfter )eriodt t ill
aI1itllilt lv'il l'ss I h1 ll t lie fore 1 eritod. Ihi1e rolt i of till' t Ilie l

su1 )l1at 0 0 1 1le i liorall it slill 2)l 1tes is al)olit 11or1nlol ill the fore pe iod,

i)eily 1 :1 U.7, and is slirlitIv increased in Il li prserv"aliv tilld after

)eriods, reaching 1:11.7 and 1:11 .*, resl)ect ively.
F~or No. 2 the excretion of 1otal sull)huril is slightly increased during

SIe l)l('s('l0 t iVO It ele t Hi , it I1 a Yervf s ilit defrealse ill I i0 ai llinl tof
SUJ)huI iti I le food. ' t'e totl u il jiIIllr ret tlity to1 )0 l1 til' nillllc
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INFLUENCE IF FOOD PRESERVAT1ES ON HEALTH.

Imagnitule in the after period as in the fore period, with a considerable
reduction of the sulphur ingested in the food. An inspection of the
(lata for No. 2 in regard to the other forms of sulphur shows a de-
crease in the neutral sulphur throughout: an increase in the total
sulphates in the preservative period and a slight decrease in the after

peril(d; a very slight increase in the ethereal sulphates throughout;
and, as is to be expecte(l, an increase in the amount of inorganic sul-

phiates, which again shows the increased sulphur elimination to be in
an inorganic form. The ratio of ethereal to inorganic sulphur is

pract icallv normal in the fore perio(1, being 1:10.7, and is slightly
increased in the preservative period, being 1:11; in the after period
it returns to normal, namely, 1:10.4. The percentage figures show
a diminutionn in the amount of neutral sulphur, the ethereal sulphates
remaining the same, while there is an increase in the inorganic
sulphiates.

For No. 3 the elimination of total sulphur is practically the same
In the fore and preservative periods with a diminution of 0.097 gram

per day during the after period as compared with the fore period.
The sulphur ingested in the food, on the other hand, is 0.102 gram
per day less in the preservative period and rises to practically the
same amount in the after period as in theforeperiod. Thedliinution,
then, in the elimination of sulphur is partly offset by the decreased in-
gest ion of sulphur in the food, but it is to be noted that the decrease
in sull>hur elimination does not accompany the decrease in the amount
of sullplhur ilgeste(d. The amount of neutral sulphur shows a gradu-
ally (ecreased elimination throughout the ol)servation, falling to
0.16 <grali l>er (la in the after period, which is 0.168 gram less than
t le amiounit elimilnate1 in1 the fore period. There is an increased
allolnt of total sulphates ('limlliiate(l in the preservative perio(l. The

('tlIetreal sulphiates I'linli ('onstint tIrouglhout, and there is only a

vEy sl llt ('i ('11 t l I lllo llli of IlopICt1 1. ('l1l 8lited(.

It is t lls th1 II i t ll e cse of No. :3 that t le clllge in th le relation of

Ss ;ulphlr (11 0111)ol11(s is not so Illarke( as ii I l1ie cases of Nos. I and 2.
I1 t l1' ('ase (of \o. 4 1 here is a (illllt ion l 0.057 grill per (day of

0 l ifr 1 t l)l(ls('Iwat lY'eI v 0i1('I , W 11 s111 slight l overco l 1 t Ile

aft er lerioi I. Ile ingest ion of sulphur iin the food is practically con-

talnt (duirimig tlie emit ire period of observation, thiouiglh slightly- less in
the at ('I' jperio(l tIhan in ('it her of t he ot ler tw Wo. The neut ral sullluI'

again shows a graduial <lianinution throughout, )ult not so ilarkedll as iIn
thle case of No. 8. Thie total sulll)liates are quite constant bein . re-

aigain 1in tlie aiftr('I elrioal to Ieail'ly th(' shil(' nliglitudl(le iS il tlie fore
period. Ile th('er('!al suliphiates ari'e )rlctiilyl' ('ontunlt throughout.

Tih' aunlii iItt of inio runit su1lpIailtes shows a itimiuit ion of 0.080) grain

1in th1'e pI'4('vIativye peril , rising 1i the afit er period to practically the
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BENZOIC ACID AND BENZOATES.

same amount as in the fore period. The ratio of ethereal sulphates
to inorganic sulphates is 1: 10.7 in the fore periodI, 1:10.4 ii the
preservative period, rising to 1:11.2 in the after period. There is a
percentage diminution in the neutral sulphur and a corresponding

increase in the total sulphates both in the preservative and after

periods. The amount of ethereal sulphates, though smaller in actual
amount, shows an increased percentage elimination in the preserva-
tive period of 0.3 per cent over that of the fore and after periods. TIhe
inorganic sulphates, expressed in percentage of the total sulphur elilini-
nated, show an increase of 1 per cent and of 3 per cent in the preserva-
tive and after periods over the fore period .

There is very little change in the metabolisn of sulphur for this sub-

ject, a slight tendency being shown to diminish the amount of total
sulphur eliminated in the urine. 1\erv little relative variation is shown
in the (iflerent forms in which this 511ulhur is elilminated, the nmost
marked change being again in the neutral sulphur. which is dimiinished
throughout the observations.

There is an increased elimination of total sulphur in tle case of No. 5
in the preservative period of 0.076 gram per day, returning in the after

period to practically the same amount as in the fore period. Ilere is
an increased1 ingestion of food sulphulIr of 0.024 granit daily during the

preserv"ative period. Again it is seen that the amioulnt of neutral sul-
phur gradually- decreases throughout the period of observat iou; t here
is a marked increase in the (quantitv of total sulphates, an(d the ('tile-
real sulphates remain practically constant throughout. As is plain-ly
shown, the increased elimiination of sulphur is due to tle forlation of
inorganic sul)hates. The ratio of ethereal -lpIl)hates to illnrgalic ulll-
phates in the fore period is just a little helow normal, being I : .2,
and1 rising in the )Ieservative period to 1 : 11. In the after period t le
ratiO 1 1 I 0.(. There is a decrease of :1.4 per. cent in1 t lie numlt ril sul-
pItr elilmiinate(d in1 the pi'esr('I'vativte Ie'ioId an(d a corri'e5sponinhi1Ig

increase in the amount of total sul)hates. The ethlereal sullhates
(lecreas 1 per cent Ill t le r)I'E's('I'\"t l\ penal I, alt lu igl tli actllal

amount excrete is t lie a111E' Us in1 t ht' for ' p'rio(dI. T'ere is anm ii-
creased excret itonl of 4.4 1 per cent of inorganic sullplmtes over the fore
period I.

In the case of No. (i t here is a dliin t iuln of 0.47 gra in per day of
sulphur r iin the )reserv\"ative period a 1)t :l decrease of l).m)iti grailn p er
dly ill t 1ie Illtioill of sl1l) 1lfr inllested 11 the food. I11 ie after period
ie el i11t1o1 1 is .l 1 I grami )pr ( lay 1eis t Ilaill i Il e lore1 f eriod 111ti

t}1e fllili Ill ges e( (P 0.1:17 less. TI 1e ail ullllt lof 11e0lt ma 1 slI 1110ur grld-

111lv' ll'l'I ses I lftllg loi t l oI O se alt ilull; the1re is a d111111it 11011 111

lie n11110111t of totall .11 h lut(s I lro 1llghuit, atill also il te ailluililt of

e'there11 ild11iltes Whic}1, hiowevel., is erv"f sl lit. The1 iliuurlll sil-
jliates also show a decreased ellinuat ion througimut , corres)itiunig.
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1130 IN FLENCE OF FOOt)D PRESERVATIVES ON HEALTH.

of course, to the change in total and ethereal sulphates. The ratio of
ethereal to inorganic sulphates is 1 :14.7 in the fore period, 1 :13 in

the preservative periodl, an( 1 : 13.6 in the after period. Considering
these figures alone, there is shown in this case a decreased elimination
of sulphur. The decrease in the amount of sulphur ingested in the
food, however, is even greater than the decrease in the amount
excreted. The percentage amount of neutral sulphur excreted is
slightly (lecreased throughout while the ethereal sulphates eliminated
are practically- constant. The percentage of total and inorganic sul-

phates is slightly increased throughout the observation.
There is a decreased elimination of total sulphur in the case of No. 7

throughout the ob)servation, amounting to 0.039 gram per day in the

preservatile period and 0.140 grain per day in the after period as corn-

pared with the fore period. There is also a decrease throughout in the
amun1 t osf ulhplur ingested of about the same manitule. Again,
there is shown a diminished < uantity of neutral sulphur excrete1

throughout the observation, and a decrease(1 amilount of ethereal sul-

phates which, in this case, is quite marked. The total sulphates show

a gradual falling ofl throughout the observation, as do also the inor-

galic sull)hates. The ratio of ethereal to inorganic sulphates is 1: 14

in the fore period, 1 : 14.6 in the 1reservative period, and 1:15.1 in

the after period I. The netltral sulhl)hur ini the p)reservat ive period is 2.4

per cent less than inl the fore period. The percentage of ethereal sul-

phates Iellains practicaly the 5amlle throughout, although the actual

(qltllit y i sollle«what less in 11le two other periods than il the fore
period d. T here is a corresponldilg increase to these amounts ill the

total 4ull)hates alld the ilnorgalic sulphates. It is seen in the case of

No. 7 that there is a (imllnishled elimiinationi of sulplur in1 tile urine,
but this is > art lv offlset by the (Iiminillishe(d amount of suilphul' ingested

(Ilfrillg t le )MerVat 1ill.

Thle idata for No. S show a slight gaiu of 0.012 graIn per day inl the
totall s11IJ)l1ilr ('Iiliiilflte(1 i1 tlie )i'esvatI've 1)eril)(1. Ih amiiount

('liIlmiated 11 tlie alter >(eriod iS almtiost exactly tlie same as in the fore

1)('I1({. '1 s1 til ) Ill gest Ill iii l i 100( s l ows U ga(hItl- (t 1111111 O11111

thI' lf o ll t t i (' 1l)('I''t o11,11, I ll 0.0.t) gi 0111 J)(' (laY less Ill I lie J)I'e-

('\';itl lY 1111(l 0.069 I'alIll 1)(I' (iv I ess ill I lie al(f )er i10( tla 11Il I l1e

f( Ip 1)(''1(1. Ihie 1 1eI ItiI SillJllllr is (Illit( Ill I'ik('ll(V ( ecrealsell 111

;1li ll llit t iflly lul,1 1 11 18 h(il i t )Ot 0t~ 110-ll l f tllP( t lll; lli ill t 10 ilfor't

1peridcl t I hat it is ill t le fhre per-inal. TIw' t1otaUl 51u1)ltce's show a gL radlual

1lil (ff i('., lie ('I hIereal 5(1IJ)hit('5 ;1 ( cf('i;lTs . ('111 (II(ellI I t is 1 Ill le

llioIlllt ofI' 111)lfllSte , ill i1 le ('USC Of I . 8, t hat t 1t ' li I'las(1

('Nc('I lan l( II 1f s 111)1111' 1,)('Oc'i'. rlie 1figlifle (' I )rI' 1i1)g 1 l i alt to of lie

('t hIere I al t 1lie iI(oIrganii Ic sui1l)hates are I : 8.2, I : .91 aIld I 10.:, resl)e-

tivE'lV, for t lie thImre' periods. lxjressed ill 1 el i mtge of the total

slphur (hlilieat'(I, tle figures Show 14 maIirkedl (lecrease inl the pre-
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BENZOIC ACID AND BENZOATES.

servative period in the neutral sulphur eliminated, and a reduction in
the ethereal sulphates of one per cent, while an increase occurs in the
inorganic sulphates. There is evidence in this case of an increase in
the sulphur excretion with marked changes in the forms in which it is
eliminated in the urine.

In the case of No. U there is a slight increase throughout in the total
sulphur eliminated, though the sulphur ingested in the food slightly
decreases. The neutral sulphur is greater in the preservative period
by 0.037 gram and less by 0.029 grand in the after period than in the
fore period. The total sulphates show a slight dimninution in the pre-
servative period b)ut are illcreased in t le after period. Ihe ethereal
sulphates are practically the same thlroughlout. The inorganic sul-

phates show very little change, being slightly less in the preservelt ive
period and increasing in the after period. The ratio of ethereal to
inorganic' sulphates is 1: 13.2 in the fore period, 1: 12.6 in the pre-
servative period, and 1: 13.0 in the after period. hlere is shown in
this case a slight increase inl the amount of sulphur eliminated, which
differs from the prevTiou1s data in that it is excreted in the neutral ai(d
organically combined form, whereas heretofore when there has )een
an increase, it is inl the oxi(ize( and inorganic form.

Inl the case of No. 1 U there is practically no change inl the amount of
total sulphur excretel in t le fore an(l preservative periods, while in
the after perolo(1 t 1er 1s a. (leItase of 0.037 gr'a11 as cOIllpaIred w1it t1le
alloUlt In te fore O )eri0(1. II iere is a decrease of 0.037 igrainm in1 t le
amount of neutral suil)hur in1 tlie preservative period al(1 a still
greater decrease in the after period. li' ethereal suillhates are
nearly colstallt in amiiouiit. while the inorranic sull>hates sl)w anl
increase in the preservative perio(l, ret urnling to practically t ie origi-
nal figure in the after )eriod )(1. TIhie ratit s fo)r tle three l eridt(1s are
1: 11.0, 1: 11.0, anti 1: 10. 1, respectivel. Tlie percentagee figures as
well as those expl)ressiIlg actual alliounllts shtow that . con)Ilsidlering tle
(li11111s11 1(I a110 (>omt Of SllJ)l llr Il t lhe food, tlher'e is ai smiiatll incrIeaset' 1in

t lie eNcret iol of illorgaiic sul)hllf.

NO. 111so llTORs tilc('ase(l ('l1111t1011l of ().OaS grI'11 1)pe tlUV of

totl11 slJ111t( llllng I li J)IseatlC i1vO pliot lnd 0.04-9 gni11 (hllfllcY

t 10aft ( c' l)Piot( as o11pUr1(l ( Wit l the Iofi )efiodl. I'i( slilJllr
lilgest(ll il 100fil gfra(1il leci'ises t llrur01lit I i1e observatI1n.
11 t his case tIhere is a Iniatrkedl increase inl t lie klat al)oli ct tiviti('e, at
least, as rehgars thIle sluI)Illphr, wicl is even Itiore pnoinouniced wIeIn it
is considered I hat t le sulphur content 'of tile food is diiniiiisled in
a)out tie sam e ,ICiiamgitlud(le aS tilie exretonll1 is increased. The increase
in1 sulphur, as in t ll' aiijority of clas('s, i5 ill t hil' ilnonI'gmlic suliphaiit e,
WVli(cl 1i1fe illcrt'zelS ( 0.22(l) gra i (lill Il e )'eseTIr )lt ,' p iod ; iI
11' aifter J)eIO(l1 tl10' Is a st tollt ('llell('CV 1 11 ls o t 1lor l t Iltoi llal

('ol (itions. Th' ethIerea Sl slpha) itl's in ile case t f Not. I I shiw an
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increase during the preservative period of 0.016 gram and return to
normal in the after period. The amount of neutral sulphur shows
quite a decrease in the preservative period, rising to practically the
same amount in the after period as in the fore period. The ratio of
ethereal sulphates to inorganic sulphates is nearly twice the magni-
tude of the normal ratio and shows very little change, being 1: 18.7,
1: 18.1, and 1: 19.7, respectively, for the three periods. The percent-
age figures, showing relative amounts in terms of the total sulphur
excreted, are in harmony with the figures slowing the actual amounts
present.

The data for No. 12 show an increased excretion of total sulphur of
0.051 gram per day during the preservative period with a decreased
ingestion of 0.105 gram per day in the food. The amount of sulphur
eliminated in the after period is less than in the fore period with a cor-
responding decrease in the amount of sulphur in the food. The neu-
tral sulphur is diminished throughout as are the ethereal sulphates,
the increase being entirely in the quantity of inorganic sulphates
which show 0.152 gram more in the preservative period than in the fore
period, but there is a decrease of 0.080 gram in the after period from
the fore period. The results expressed in percentage show the saine
relative increase and decrease of the various forms as (1o the actual
amounts.

SUaDI;ARIES.

The suininary for Nos. 1 and 4 is coliplete for the whole observa-
tion. This sumouarv shows a decrease in the qtuantity of sulphur
excreted1 in the preservative period and a still further decrease in the
after period. The ratio of the ethereal to the inorganic sulphates is
higher in the preservative period and still further increased in the
after period. Ile ethereal sulph rates and neutral sulphur decrease

tl1rouiglout thle observation bot hl iIn )eI'cent age a111 act uial amount.

The summIary for Nos. 1, 2, -, 5, and 6, omitting the fourth pre-

servat ive subperiod, shows a slight increase in tlie amount of total
sul)hulr elillinated (luring the preservaltive period and a decrease

luringg tlie after pc1riod. Tle sull1)llr ingestel in the food slightl-
(Iec'ra('!ses thlroulglut the olser\vation.

TIni regard( to tihe various formlis inl which this slphIuri1' is elimnilnate(d,
it is seeln that there is (lquite a th(linItio11 inl th le netra nil suIll)hlur

Ilirouglhout , falling Irom 0.327 gr'a'iin inl tlie fore J)eriodl o() 0.289 grain inl

th(e )ree1r\at Ive peril(d an 1(1 0.238 grain i th lie aft e' period. Thme

fe Ilere il su ip t('S e Oare )I'a(t cll I of I le satille Illilllit ide (0.18 and

0.1 56 grI'llI, Tes)eil(ecIiye ) l 11 he a1( ll( 1)resei' t l e )e'O(ls, I )11t

fll to 0.118 grahmli ll lie aft'or j)I'IOd. lie illllCised XCil'et 111 1S (liC

t 10 l l iiioi'g.i I( llll )il lat(' W '11 1 11 10i )lit tl 1 .762 gr lllS ill f 1 e

per'imld, 1.SI() inl the pr1eseraltive pJerio(d, an lc 1.72 inl the after period.
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The ratio is about normal and is 1: 11 .1 in the fore period, 1: 11.8 in
the preservative period, and 1: 11.7 in the after perio(l. The same
changes are shown by the figures expressing the relative percentage
amounts of the differentt forms of sulphur for each period.

Taking the decrease in the amount of sulphur in the food into
consideration, it is seen that there is a general tendency on the part
of the preservative, benzoic acid, to increase the excretion of meta-
bolized sulphur; individually this is shown in Nos. 1, 2, and 5, Nos.
4 and 6 showing a decrease during the preservative period. The
decrease in food sulphur, however, in the case of No. 4 is practically
the same as the decreased excretion, while for No. 6 the decrease inl
food sulphur is greater. Attention is called to the reduction of the
neutral sulphur throughout the observation, which is uniformlll-
shown for all the individuals of this sunmary. Another point is t le
remarkable constancy of the ethereal sulphates. The increased
excretion of the sulphur is completely oxidized and excreted in an
inorganic form which naturally slightly increases the ratio of the
ethereal to the inorganic sulphates.

The next summary is for Nos. 7 to 12, who received henizoate of

soda. There is a slightly larger increase in the excretion of sulphur
for those taking the preservative in this form than for Nos. 1 to 6
(omitting No. 3), and there is also a decreased ingestion of sulphur
throughout the entire observatiol. 'The neutril sulphur is de-
creased throughout, and the ethereal sulphates again remain con-
stait during I ethe fore and preservative pe riods with a slig~hit decrease

during the after period. h11 inorganic sulphates are increased 0.000

grain (luring t lie preservative period, as compared with 0.07S; gra in
icI'ease' in the suinnIarv for Nos. 1, 2, 4, 5, and 6, and return to)

practically the same amount in the after period as in the fore 1)rio(}.
Ihe ratio is llght larger than in the benzoic acid sun umnaryi and1(1 is
largest in t hle after )eriod.

The same1W treniod in1 the p percentt age exret(in 1 shown i 11 th shum-

naries, with the exception of the ethereal sulphate's ill the after

perlo( W 11 111 1 lt ililiS tO 1)t' d( eEas(1 III 1 lt S 111111 I )lIZOate 511111-

r111' ( os. 7 to l 1 till( 1 is lli l'Ild to nor Ill Inl lie 'nllZoie a1(

S11111 iif r. 111 ge erlle , It Is (illnte 11010i(al e that there is lerf 1'tioih

1I10 (lil0 1llc 111 tIll te 1 fet h)IO(1 100ll('' lV l )ZII 1i1c 1 2 i l l s0(l 11111 bell-

ZOat o il ile eferet iul of sull)hlur inlI tle urine. This is further
.IlOWI1 l)' Illlsl)Ot' loll of tle datill Il tile sllliuIir for N 1\os. I to 12, the
data 8 llll I'r('11l coliil1(ll n 1 11Ie (')o'ssolll. Il10se filfreS slloW1
t le general flect o)f this preservative ill its t WO) fofllls tll t ht' t'XC'rt'-

tIoIn of slil)llr.

It 1s (jlllt(' ('Vill('lt Init thl0( 15 iL slig 1t tl'ildt'lliv 111111f111 te l It)

1110I'0i01 I lI(' katta)ill n I1t(ivities, aSsshown by) tlht' IneeilasiedI ex retitlsI
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of metabolized sulphur, which is more pronounced when the diminu-
tion in the amount of sulphur in the food is taken into consideration.
There is a reduction in the amount of neutral sulphur eliminated
under the influence of the preservatives and this diminution is in-
creased in the after period.

The average increased excretion of total sulphates during the pre-
servative period is 0.082 grain per day, which is entirely In the
form of inorganic sulphates, as the ethereal sulphates are practically
of the same magnitude in the fore and preservative periods. From
this it is quite evident that there is a marked tendency, as is shown
by the sulphur and sulphate excretion, to increase katabolic activi-
ties, at least during the administration of the preservative. Con-
sidered in connection with the decrease in body weight, this point
becomes more significant.

Another point worthy of mention in this discussion is the constancy
of the ethereal sulphates. These organically combined sulphates are
regarded as an index to putrefactive changes in the intestines lue
to protein decomposition. The average elimination for the 11 men
is as follows: Fore period, 0.157; preservative period, 0.154, and
after period, 0.143.

It is evident, therefore, that the administration of benzoic acid
and benzoates has practically no effect on the excretion of the ethereal
sulphates. This condition may be accounted for in two ways. The

preservative may be broken up or absorbed, the aromatic nucleus
being taken up by the glycocoll in the body, and therefore it does not
reach that part of the intestinal canal where the ethereal sulphates
are formed, or it may in part reach the lower intestines where the
reduction in these sulphates caused by the antiseptic action of the

preservative is offset by the increase lue to the comllbinlation with
the bIenzene nucleus. From the uniform manner in which t these
aromatic sulphates are excreted, it would seemi that the first expla-
nation is mIore plauSl)le aI that the excretion of et hereal sulphmates
is, therefore, Illailtainlcd under nearly Iormual con(litions.
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BENZOIC ACID AND BENZOATES.

TABLE IX.-Urtne delerninaions-Ratio of preforlated sulphates to ethereal .silphatcs
and neutral sulphur, Series VIII.

[Averages are per day.]

No. 1.

I

i

.

?.

:

Period.

1{e t (S ex;re t'( 1[1
per enit of totall sul-
phur in terrm of S03.

-I - f 7.*

L- - L..- --

"- - w+ .:I. -I..

Fore period.

First suhpriod: Grans
Total........... 4.431
Average........ .. 886

Second subperiod:
Total......... 4.867
Average........ .973

Entire fore period.
Total........... 9. 298
A \-e rage........... .930

Presercatire period.

First subperiod:
'T'otal........... 4.730
Average......... .946

Second subperiod:
'Total........... 4.735
Average......... .947

Third sulbperiod;
'Total........... 4.767
Average......... .953

Fourth sulbperiod:
'Total _........... 4.678
Average......... .936

Entire preservative
periodl:

'Total.......... 18.910
A verage......... 914i

A/ter period.

'Total............ 4 311l
Averag.......... .812

SecondI sulbp4'riod.
Total.. ........ 3.973
Avenrage.......... .79

Gra ms.
11 064
2 213

12. 153
2. 431

Grams. Grams.
1.ti34 9.430
.327 1.886

1.836 10. 317
.367 2.063

Grams.
0. 784

.157

Grans.
8. i46
1.729

P. ct.
1: 11.0 14.8

P. ct.
85.2

P. ct. P.ct.
7.1 78.1

.90ti 9.411 1:10.4 15.1 84.9 7.5 77.4

.18 1 1.882 -- . . .- . .-.... i...... .....

23.217 3.470 19.747 1.690 18.057 1:10.7 14.9 85.1 7.3 77.8
2 322 .3'7 1.975 .169 1.806 .... .......................

11.812 1.092 10. 720
2.3612 .218 2.144

11.823 1.744 10.079
2.365 .349 2.016

11. 904 1.346 10. 558
2.381 .26i9 2.112

11.(181 1.390 10 291
2.336 .278 2. 058

47. 22)0
2.:36il

5. 572
.279

41.648 3
2 082

10.76i5 1.279 9 4.86*
2. 153 .26 1 897

9. 1) 1 2)05 8 715
1. 984 .241 1 743

.163 1.981

.805 9.274

.161 1.855

. .. _

1:11.5 14.8

9.2 90.8 6.9 83.9

85.2 6.8 78. 4

.844 9.714 1.11.5 11.3 .7 ' 7.1 81.6

.169 1.943 .............................

.822 9.4ti9 1 11.5 11.9 88.1 I 7.0 81.1

.114 1.894 .......... ... ................

.28ti 35.312 1.11.7 11.8 88.2 7.0 81.2

.164 1 918.. . ..... ...... ...... . ......

.709 8.777 1:12.4 11.9 88.1 i.i 81.5
142 1.7i ~............. ...... ..

.7 01

.142
8.17 1:11.3 12.1 87.9 j 7.1 1.7
1 I n i ........ ...... ...... ...... .....

Entire afterr period.
'Totl... ......
Averge.........

8. 2x4 20 6is85
.828 2.011

2. 484 18. 201
.248 1.8 0

1.417 16.784 1.11.8 12.0 88.0 6.9 81.1
.142 1.678.......-....
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INFLLEN t'1 )1' lH)D PRESERVATIV'ES ON H HEALTH.

TABuiF: I.".- Lrie de(teriltnalions- Ratio of proformrI d su lJhat(s to othertal sulphate's
and neutral sl phur, Ser'ies TIII-Coitinued.

[Averages are per day.]

No. 2.

1'rrio i.

ti

w J
U

'!. G

x
' c..
G

J ' J
"f.

Re..
r v

E-' (ri

!"'Ore period.

First subipcriod: Gran .
Total...........5.245
Avetage......... 1.050

Second subperiod:
'ot al .. .. ... ...6. 04
Avera~ttg _.-_----. 1.21;

Entire fore period:
'TotaL............ 11.334
Average........ .1. 13:3

P'reserral r e period.

First subperiod:
Tot al.......... 5. 987
Avenrge........I 1. 197

Second suplrio:-I
T1otal............5.9t6

Aveag..........Third> subpocriodl:

Fourth subp(riod:
T1otal...........
A verage........

Entire preservative
period:

Total...........
Aveng.........

Afjer period.

First suhperiod:
'T'otal...........
Average*..~....

Secorndl sIIbperio1:
Total ...........
Average.......

1. 1.4

Grams.
13. 105
2. 621

15. 197
3.039

Grams.
1.910

.38'2

Grams.
11.195

'2. '39

Grams.
0.93(

.191

2. 305 12. 892 1.094
.401 2.578 .219

'-'.

C

Grains.
10.239
2. 048

11.798
2. 3(0

28.:302 4.215 24.087 2.050 22.037
2.8.30 .422 2.409 .205 2.204

14.931
2.990

2. 124 12.827
.125 2. 565

.833

.167
11.994
2.399

0.

C-

:.

1:10.17

Results expressed in
per cent of total sul-
phur in terms of SOa.

P. ct.
14. 6

C
F

P. Ct.
85.4

--

P. cr.
7. 3

"l.

P.ct.
78. 1

1:10.8 15.2' 84.8 7.2 .6

1:10.7 14.9 85.1 7.2 77.9

1:14.4 14.2 85.8 5.6 80.2

14.902 2.181 12.721 1.137 11.584 1:10.2 14.6 85.4 7.6 77.7
2.9.0 .436 2.544 .227 2.317 ........ ...... ............ ...

5.9.;1) 14.836 1.951 12.905
1.1 00) 2.971 .390 2.581

.3. j.37
1. 147

1.130 11.775 1.10.4 13.1 86.9 7.6 79.3
.221i 2.355 ....... ........ ...... ....

14.324 2.022 12.302 1.144 11.158 1: 9.8 14.1 85.9
2. 8t5 .404 2. 40 .229 2.232 ........ ..........

23.1142 59.033 8.278 50.755 4.244
1.182 2.9 2 .414 2.538 .212

5.545 13.845: 1.573 12.272 1.137
1. 109 2.7119 .315 2.454 .227

S 61 li 1 4 024J 1 741 1) 28 1 O+>.. .
1I 1':3 '' .0.,

Entire after period:
'Totatl........... 11. 111 27. ;19
AXve rage..... 1 . 1 11 2. T77

..348 '.457

3.:314 24.551
. 331 2. 451i

8.0 77.9

41i.511 1:11.0 14.0 86.(0 7.2 78.8
2. 326......... ...... ...... ...... ...

11. 135 1: 9.8 11.4 88.6 8.2 80.4
1 2.).) .... .... ........... .

11.261l 1: 11.0~ 12.4 87.6\ 7.3 80.3
. 5 .. . . . ..). . . . . . . .

2 159 22.39i 1:10.4 11.9 8.8.1 7.7 80.4
. 1i 2.2.411

1i

118(6
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TABLE IX.- Urine deterrninuions-Ratio of preforcd sulphatls to tlhereul sulphates
and neutral sulphur, Series VIII-Cont inued.

[Averages are per day.]

No. :3.

Period.

7.

n.

Fore period.

First subperiod: Grams.
Total........... 5.027
AX verage........ 1.005

Second subperiod:
Total........... 4.98ti
Average......... .997

Entire fore period:
Total............ 10.013
Average......... 1.001

Preservative period.

First subperiod:
Total........... 5.224
Average......... 1.045

Second subperiod:
Total............ 5.124
Average........ 1.025

Third subperiod:
Total........... 4.939
Average......... .988

Fourth subperiod:
Total.......... 4.(i07
Average......... .921

IEntir preservative
period:

Total............ 19.894
Average...........995

After period.

First subp,"eriod:
Io tal I............
Avernge.......

Second subiperiod:
' tal..........

A'verage.......

C

Grams.
12.552
2.510

12.4:0
2.40

I.

Grams.
1.547

.309

1.696i
.339

25.002 3.243
2.500 .324

13.044
2.1109

12.795
2.559

12.332
2.41ti

11.504
2.301

49.675
2.484

4.1112 11.492
.921 2.298

4.437
.x 87

E":ntire after period:
'Total........... 9.0:1!9
Average......... .!x1

1.416
.283

1.472
.294

1.521
.304

1.2(18
.254

5.677
.284

.511 10.976

.103 2. 195

)1.079 1.047 10.032
'2.''1 .2(09 2.hN)i6

22.3.71
2.257

1.T i3 21.008
.It3 2.101

'.

.

Grams.
0.714

.143

.7711

.15 3

Gr. 

..

SC

Grams.
10.291

12. 031

9. 97
1.99

.- .

3 

--

Results expressed in
Ixr cent of tot al I uI -
plhur in ternis ocf S( ,.

.. -! I

_ _ - .. 7

7 f. ^ L

,... - ^ ^ , . .

-- - "-. 1

P.ct. P. Ct. P. ct.
1:14.4 12.3 R7.7 5.7

1:12.9 13.6 86.4 6.2

P. ct.
82.0

80.1

7.

~f11

Grams.

2 201

10.754
2.151

21.79
2.176

11.628
2.32i1

11.323
2.265

10.811
2.162

10.23(1
2.047

43. 998
2 .200

1.490 20.26i9 1:13.11 13.0 87.0 6.0 81.1
.149 2.027 . ...... ... .........

.719 10.859 1:14.1 10.9 89.1 5.9 83.2

.1:4 2.17'............................

.730 10.593 1:14.5 11.3 88.3 3.7 82.8

.14t6 2.119 .............. ...... ...... ....

.ti93 10.118 1:14.6 12.3 1.1 5.11 82.0

.139 2.024 ....... ..... ...... ...... .....

.696 9.540 1:13.7 11.0 89.0 (6.1 82.9

.139 1.908 ........ .... ....... .... . ...

2.888 41.110 1:14.2 11.4 88.6; 5.8 82.8
.144 2.03i .................... ..........

.71 10.2(0i 1:13.3 4. 93.5 (i.7 58.8

.1:4 2.01 ....... ......

.7() 9.3:12 1 :13.3 9.5 90.1 6.3 84.2

.140 1.8h6 ....... ..... .. - ..... .....

1.470 19.53a8 1.13.3 6I.9 93.1 11.5 I ti
.1.17 1.934................ ...



1186 INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABL: IXN.- Zrine deter mat aions-Ratio of preformed sul phates to ethereal sulphates
and neutral sulphur, Series J'III-Continued.

(Averages are per day.]

No. 4.

V]

.c

v mPeriod.

Fore period.

First suhperiod :
TotaL .. .. .. . .. .
A verag........

Second suihweriod:
Told:1...........
AXverage........

Eintir' fore period:
Tfotal...........
Average........

P're.serratire period.

First sublxriod:
Iotal..........
Averag.........

Second subpwriod:
T1otaL..........
Average........

Third subip("riod:

Average........
Fourth subtperiod:

TJotail...........
Avtrage.......

EI.ntire preservatives
period:

TIotal ...........
A verag(........

Aler period.

First subperiod:
Total...........
A verag........

Second sulpr)(,iod:
TIotal...........
AXverag.........

Intire after period.
Tot Lt ...........
Averuge........

v: U
H f

Grams.
4. 391
. 878

4.914
. 983

9.305
. 931

4. 663
.933

4.278
.5( ti,

Grams.
10. 964

2. 193

12.'271
2. 454

23.235
2.324

11.644
2.329

10.681
2. 136

4.204 10.497
.841 2.099

4.335
.86i7

17.480
.874

1x

Cf2

c.
C)

Grams.
1. 382

.27ti

1. (i41
.328

3.023
.302

S

C )
4)

C) 0

o w
--H

Grams.'
9. 582
1.9111

10. 630
2. 126

20.21?
2.021

1.174 10.470
.235 2.094

1.247
.249

1.168
.234

10.824 1.484
2.165 .297

43.646 5.073
2.182 .254

4.695 11.723
.939 2.343}

4.180
.8346

10.438
2.0188

Grams.
0.799

.160

.926

.185

1.725
.173

.805

.161

0.

-4
C)

C.as

co

Grams.
8. 783 1:11.0
1.757 ........

9.704 1:10.3
1.941 ........

18. 48
1.84

9.66
1.93

9.434 .887 8.54
1.887 .177 1.70

9.329 .825 8.50
1.866 .165 1.70

9.340 .862 8.47
1.868 .172 1.69

38.573 3.379 35.19
1.929

1. 130 10. 593
.226 2.119

1.091 9.347
.218 l.ti

8.87!5 22.llil 2.221
.888 2.21l6 .222

19.!941)
1.994

.169 1.7t'

9.72
1.94

8.58
1.71

.873

.175

.764

.153

Results expressed in
per cent of total sul-
phur in terms of SO 3.

ft
1i

- - .

7,

U
U

a.

ac
r,

0
'H

P. (t. P. ct. P. (t. P. ct.
12.6 87.4 7.3 0.1

13.4 86.6 7.5 79.1

7 1:10.7 13.0 87.0 7.4 79.6
9 ...................... .....

5 1:12.0 10.1 89.9 G.9 83.0
3 ........ ...... ...... ...... .....

7 1: 9.6 11.7 88.3 8.3 80.0
9 ............ ...... ...... .....

4 1:10.3 11.1 88.9 7.9 81.0
1 ........ ...... ...... ..........

8 1: 9.8 13.7 86.3 8.0 78
t6 ..............................

4 1:10.4 11.6 88.4 7.7 80.6
0 ............. . ..... ..........

0 1: 11.1 .6 90.4 7.4 8'.9
4 ........ ...... ...... ... .. .....

3 1:11.2 10.5 89.5 7.3 82.2
7 .............. ... .....

1.:17 18.303 1:11.2 10.0 !10.0 7.4 82.6
.164 1.830 ........ .... ... .... ....

4
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TABLE IX.- Urine deterat inations-Ratio of profornlcd sulphutf s 1t) ,Ihet r al suiphates
and neutral sulphur, Series I'III-Co ntinued.

[Averages are per ia}.]

Ic,3

5-

I'erio d. 7.

Fore period.

First subperiod:
Total..........
A verage........

Second suhperiod:
Total...........
Average.......

(;rams. Gra ms.
a2.915 7.279

.583 1.456

2.820 7.042
.5ti4 1.408

7.-

Grams.
1.078
.216

1. 153
.231

Grams.
6.201
1.240

".

.- f-

Gra ms.
0. 5&5i

.117

5. 889 .l02
1.178 .120

T.

L

.-. f

--

.
.

:
. L

-'. .

Grams. P. rt.
5.tilti 1:9.6 14.8
1.123 ........ .....

5.287 1:8.8 1ti 4
1.07-........ ....

Results expressed in
per cent of total sul-
phur in terms of SO3 .

f % 7. !.

t .. . . . -. 1 . . .

P'. ct.
85.2

83.0

P. c-t.
8.0

P. ct.
77. 1

8.5 75.1

Entire fore period:
Total...........
Average.......

Preserratire period.

First sub~period:
Total..........
A verage........

Second sub~period:
Total.........
A verage.......

Third subperiod:
Total..........
Average.......

Fourth sub period:
Total........._-

a 5. 735
.574

14.321 2.231 12.090 1.187 10.903 1:9.2 15.6 84.4 8.3
1.432 .223 1.209 .119 1.090 ........................

3.078 7.686 1.040
.til6 1.537 .208

a3.421
.ti4

3. 431
.ltisti

6.64li .:76i 6.070 1:10.5 13.5
1.329 .115 1.214 ....... _.. --

86. 5

8.542 1.201 7.341 .598 6.743 1:11.3 14.1 85.9
1.708 .240 1.468 .120 1.349 .............. ....

8.5366 .838 7.728 .tl;2 .0iti 1:10.71 9.8' 90.2
1.713 .1168 1.546 .132 1.413 ................

a3.0th 7.i56i .877 6.779 .534
1 35l' 107vf rag..-...... . . . .

Entire preservative
period:

Total........... 12.991 32. 450 3.956 28. 494
Average........ .. 650 1.623 .198 1.425

After period.

First subperiod:
Total........... ~2.953
Averag...........591

Second sulbperiod:
Total.......... 2.802
Average........ .. 0

7.374 .7til
1.475 .152

t.497 1.023
1. 3! '. .205

(i. 613
1.323

6i.24 1:11.7
1.24 '.......

2.370 ' 26.124 1:11.0
.119 1.30ti .......

.571 .042 1:10.6

.114 1.20s .......

11.5 88.5

12. 2

5.974 .515 5.459 1:10.6 14.1
1.195 .103 1.(Jr2......

87.8

7.5

;.0
......-

...

t. 9
79.0

78.9

7.7 82.5

i.0 81.6

80.5

Entire after period:
otal........... 5.7 55 14.371

Average........ ... 57t 1. 437
1.784 12.587 1.086 11.5)1 1:10.6 l 12.4 87.6 7.ti 80.0
.178 1.259 .109 1.130 I ..

a Average added to complete record.

10.3 89.7 7.7 81.9

sS. 4 78.0

.

7.3

i. 4

.



INFL1'IEX'E OF FOOD PRESEHYATIVES ON HIEALTHII.

TABLE IX.-rine determinatiions-Ratio of preformed sulphates to ethereat sulphates
and neutral sulphur, Scrics 1II1-Continued.

[Averages are per day.]

No. G.

Period.

Fore period.

First subperiod:
Total.........
Average........

Second subiiperiod:
Total..........
Average.......

Entire fore period:
Total..........I
Average......

Preserratire period:

First sulperiod:
Total.........
Average......

Second subperiod:
Total..........
Average......

Third subperiod:
Total..........
Average.......

Fourth subperiod:
Total..........
Ave rage.....

Entire preservative
period:

Total..........
A v .rage...... .

After perriod.

Gra ms.
4. f70

.934

4. 650
.930

.

.
G4

f.

C -

Grams. Grams. Grams.
11.662 1.710 9.952
2.332 .342 ,1.990

11.610 1.70. 9.905
2.322 .341 1.981

9.320 23.272 3.415 19.857
.932 2.327 .342 1.986

4.374 10.922
.875 2.184

4.:530
.906

4. 509
.902

4.289
. 8"8

17.702
.885

11.310
2.262

11.259
2.252

10 700

1.449
.290

1.515
.303

1.583
.317

1 39'. . >
2.142 .272

44.200 5.90ti
2.210 .29">

9.473
1.895

f
1

n

cam:
-l. r""

.

F .

a

Gramis.
0I.(627

.125

. 638

. 128

1.265
.127

-y c

-z

C -

-S.-

Results expressed in
per cent of total suil-
phur in terms of SO3 .

Iz

.--.

I 1

'

n

Grams. P. ct. P. ct.
9.325 1:14.9 14.7 85.3
1.865 ........ ...... .....

9.267 1:14.5 14.7 85.3
1.853 ........ ...... ......

18.592 1:14.7
1.859 ........

.590 8.88.3 1:15.1

.118 1.777 ........

9.795 .609
1.959 .122

9.676 .606
1.935 .121

9.350
1.870

P. ct.
5. 4

5.5 79.8

14.7 85.3 5.4 79.9
......- ... -. .

13.3 86.; 7 .4 81.3

9.186 1:15.1 14.6 86.6
1.837 ........ ............

9.070 1:15.0 14.1 85.9
1.814 ........ ...... ......

.582 8.768 1:15.1

.116 1.754 '......

38.294 2.387
5 9 

lf

12.7 87.3

35.907 1:15.0 13.4 86.6
7 .)

5.4 81. 2

5.4 80.6

5.4 81.9

5.4 81.2

First sulriod:
'Total...........4. 118
Averag.......... .824

Second subpe rjriod:
ToItal...........a 4.x11;
A viraige.......... .818

10 282

2.1 0

10.210)
2. 042

.911 9.366 .571 8.795 1:15.4 8.9

.1i 3 1. 873 .114 1.7.9 ..............

.9!1 9.22 .549 x. l(ti 1: li.8 9.6

.l16i 1.x4ti .110 1.7311 ...........

91.1 5.6 8.5.!

00.4 15.4 85.0

E":nt ir* after period:
'Iotal..........
A~verage........

8. 207 20. 492
.821 2.049

1.897 i 1.593
. I1f0 1.80 Kl

I. 120 17.475 1: 15. 9.3 90.7 I5.5 Si.3
.112 1.748 ....... .... .... ...... ...

I__!

A :1 oerage u<l(114 l 1 lt crn 1lete record.

114()

1

J

. -.

r
ice. r '" .

I;

P.ct.
s0.0

!.
C+
v

.

1 
f.

I

........ ...... ......1.9J15 .119 1. 0",



BENZOIC ACID AND BENZOATES. 11-11

TABLE IX.-Urine determinations-Ratio of preforned sulphates to ethereal sulphates
and neutral sulphur. Series IIII-Continued.

[Averages are per day.] '

No. 7.

7,

Period.

C

Fore period.

First subperiod:
Total.........
Average.......

Second subperiod:
Total.........
Average........

Entire fore period:
Total.........
Average........

Preserratire period.

First subperiod:
Total.._.......
Average......

Second subperiod:
Total..........
Average ....

Third suhperiod:
Total..........
Average......

Fourth subperiod:
Total..........
A verage.......

Entire preservative
period:

Total._......
Average......

Aftcr period.

First suhperiod:
't'otal...........
Average......

Second suhperiod:
Total...........
Average........

Entire after period:
'total..........
A verage........

Grams.
4.423

.885

-:-L r

-- J

z

Grams. Grams.l Grams.
11.044 1.455 ' 9.589
2.209 .291 1.918

-7

.!_'.

Results expressed in
per cent of total sul-
phur in tenil o f 8113.

=1-- 1J~

i.-

L

Grams. Grams. P.ct. P.ct.
0.622 8.967 1:14.4 13.2 86.8

.124 1.793 .............. .....

4.576 11.427 1.908 9.519 .648 8.M71 1:13.7
.915 2.2s5 .382 1.904 .130 1.774. ......

'l f

L L

P.<t. P.<t.
5.6 I1-2

16.7 83.3 5.'

8.999 22.471 3.363 19.108 1.270 17.83S 1:14.0 15.0 j85.0 5.7 80.3
.900 2.247 .336 1.911 .127 1.784 ........ ..... ..... ...... .....

4.564 11.397 1. 500 9.897 .: 98 9. 299 1:15.5 13. 2 f6. 5 ..2 1.
.913 2.279 .300 1.979

3.987 9.956 1.270 8.686
.797 1.991 .254 1.737

3.796 9.178 1.1OS 8.370

11. 146
2.229

1. 425

41.977 5.303
2.099 .265

9.721
1.944

36. 674
1. 834

4. 464
.893

16. 811
.841

3.603 8.997 1. 04 7. 943
.721 1.799 .211 1.5! 9

3.996 9.978 1. 489 8.-4s9
.7tJ 1.996 .298 1.698N

7. 599 1t. 975
.760 1.9ts

2.543 16. 432
254 1. 643

.120 1.860 ........ .....

.588 8.098 1:13.S 12.8 87.2 5.9

.118 1.620 .......................

.565 7.805 1:13.8 11.7 8S.3 6.0

.113 1.561 ........ ...... ...... ......

.603

.121
9. 118
1. X24

1:15.1 12.8 87.2 5.4

2.354 34. 320 1: 14. 6 12. 6
.118 1.716.............

X7.4 5.6

X1.3..3

82.3

...
81.8

81. 8

. 516 7.427 1:14.4 11.7 .3 . 7

.103 1.45 ........ ...... ...... ....

.505

.101
7. 4 1:1... . . 14. . 1 __ . 1

1.r1 15.411 1:15.1 13.4 91i .l 5.4
.102 1.5-1 .........................

80.0
I...

1. _

.750 ! 1.89 R< .222 1.6b 4

i



1142 INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE IX.-Urine determinations-Ratio of preformed sulphates to ethereal sulphates
and neutral sul phur. Series III-Continued.

[Averages are per day.]

Noc. *..

'l.

'l . +

"J 1 /Period. u

Fore period.

First subperiod:
Total..........
Average........

Second sulperiod:
Total..........
Average........

Entire fore period:
Total.........
Average........

Preserratire period.

Grams.
4. 133

827

Grams.
10.:319
2.064

4. 132 10.317
.826 2.063

8.265
.827

First sub)period:
To tal .. . _ ....... 4. 373
Average......... .875

Second subperiod:
'Total..........a a4.253
Average........ .851

Third subhperiod:
Total........... 4.113
Average......... .82.3

Fourth sutbperiod:
Total........... 4.047
Average........ .. 80

20. 636
2. 064

10. 920
2. 184

10. 620
2. 124

10. 271
2. 054

J:

2^

Grams.
1.701

.:340

Grams.
8.618
1.724

Grams.
0. s4

.177

1.41 8.901 1.012
.283 1. 780 .202 ,

J.

Gram is.
7.734 1:8.7
1.547 ......

7.889 1:7.8
1.578 ........

3. 117 17.519 1.896 15.623
.312 1.7o2 .190 1.562

1. 637 9.2&3 .895 8.388
.327 1.857 .179 1.678

1.454 9.166 .745 8.421
.291 1.833 .149 1.684

1. 406 8. S65 .823 8.042
.281 1.773 .165 1.608

10. 105 1. 158 8.947
2.021 .232 1.78!

Entire preservative
period:

'Iota!.......... 16.786 41.916 5.655 36. 261
Average........ .. 8:9 2.096 .23 1.813

.967 7.980

.193 1.596i

3. 430 32.831
.172 1.642

1:S.2

1:9.4

Results expressed in
per cent of totalsul-
phur in terms of SO3,

s.;

t..

1,

P. ct.
16.5

13.7

15. 1

P. ct.
83.5

P. ct.
8.6

P.ct.
74.9

86.3 9.8 76.5

84.9 9.2 75.7

15.0 85.0 8.2 76. 8
..-... ...... ...... .....

1:9.4 13.7

1:9.8 13.7

1:9.7 11.5

86.3 7.0 79.3

86.3 8.0 78.3
............ .....

88.5 9.6G 79.0

1:9.6 13.5 86.5 8.2 78.3

After period.

First subiperiod:
'TotaL...........
A verage.......

Second subperiod:
'otaL!..........
Averag-........

Entire after period:
Total...........
Average........

4.074 10. 173
.815 2. 0.5

. 704 9. 419
141 1. e4

4. 182 10. 443 . 899 9. r14
.836 2. 189 .170 1. 900

8. 256 20. 616 1. i0 19. 013
.826 2.062 .1i( 1.91

.860

.172
8. 609 1:10.0
1.722 ........

6.9 93.1 8.5 85. 4

.821 8.723 1:10.6 8.6 91.4 7.9 83.5

.164 1.745 ........ ...... ...... ...... .....

1.681 17.332 1:10.3 7.8 92.2 8.2 84.1
.Iti8 1.733. ........ _......... .....-

a Average added to comziplet record.

'I-

;., "l.

1..
u< +

L

pr-..

'l.
'.

{..

'". 
1

.

. 8'l i 2.064



BENZOIC ACID AND BENZOATES. 1143

TABLE IX.-Urine deterinations-Ratio of preformed sulphates to ethereal sulphates
and neutral sulphur, Series jIII-Continued.

[Averages are per day.]

N<o. 9.

Ui

t.2

3-

Period.

Fore period.

First sub)period: Grams.
Total.......... 4.8.33
Average........ . 9t7

second subp1eriod:
Total...........4. 753
Average...........9511

Entire fore 1 eriod:
Total........... 9. 5;1;
Average....... -

Preservative period.

First suhloriod:
Total......
Averag........

Second subperiod:
Total.........
Average........

Third subperiod:
Total..........
Average.......

First, second, and]
third subperiods:

Total........
Average.........

After period.

First subperiod:
Total .. . ...... .
Averag.........

Second subIperiod:
Total..........
Averag........

.9:,9

at4.81;0
.972

4.464
.893

I

Entire after lp'riod:
Total........... 9.
Average........ .

~r
L

Grams.
12. 0(68
2.414

11. 869
2. 374

23. 937
2.394

12. 135
2. 427

11. 147
2. 229

,

I-

'A.

G

G.
_
'L /

' 
..

vn,

- -

G
N~

I
.., i z

f

v-" 
... "

-, ' :

1-.

o ;
.:,

Results expressed in
per cent of total sul-
phur in terms of 503.

I

3-L-

U.--.
. --

7

Crams. Grams. Grams. Grams. P. c. P. ct. P. ct.
1.197 10.871 0.748 10.123 1:13.5 9.9 90.1 6.2
.239 2.174 .150 2.025........ ...... ...... .....

1.202 I 10.667 .7t5 9.902 1:12.9 10.1 89.9 i.4
.240 2.133 .153 1.980 ........ ...... ...... .... .

2. a3S9 21. 538

.- .

'f.

:J.

...

P. ct.
83.9

83.4

1.:;13 20. 025: 1:13.2 10.0 90.0 6. 3 83. 7
.240 2.1:54 .1:;1 2.003 ............

1.402 10.733 .789 9.944 1:12.ti 11.6 88.4 ti.i 1.9
.20 2.147 .158 1.989 ........ ...... ...... ..... ....

1. lti 9.981
.233 1.996

.718 9.2f;3 1:12.9 10.5 89.:5 (6.4

.144 1.853 ........ ...... ...... .....

5i.219 13. 032 1. 5i2 11.450 .866 10. 584 1:12.2 12. 1
1.044 2.60th .316 2.290 .173 2.117..............

4.543 31.314 4.1:0 32.164 2.373 29.791 1: 12.6 11.4
.970 2.421 .277 2.144 .158 1.986 ..............

4.919 12.282 1.3.4 10.928 .774 10.1:;4 1:13.1 11.0
.984 2.4i6i .271 2. It .155i 2.031 ..- ....- .....-

4.810 12. 010 .7:57 11.253 .810 10. 443 1:12.9 6.3
.96i 2.402 .151 2.251 ,

729 24. 292
173 2. 429

2.111 22.181
.211 2.21x

87.9 6.6 81.2

SN.ti 6.5i 82.0

89.0 6.3 82.7

93.7 ti.7 s7.0
.lti2 2.089 .................... .... ...

1.584 20.597 1:13.0 8.7 91.3 ti.5 84.8
135 2.0ti........

a Average added to complete record.



!N FI.I ]IN'* O fF FOl) PHESI'FHYATIVES ON HEALTH.

TABLE I.-LUrinc deterainations-Rati (f performed sulphotes to <thercal sulphates

and neutral sulphur, Series "Ill-Continued.

[Averages are per day.]

1To. 10.

Period.

F.

'f.

0

Fore period.

First subiperiod:
Total..........
Averge....... 

Seond sublperiod:
Total...........
Average........

Entire fore period:
Total..........
Average........

Preservative period.

First subperiod:
Total...........
A verage.......

Second subperiod:
'rotaL.........
Average.......

Third subperiod:
Total...........
Average._.....

Fourth sulpe(riod:
Total.........
Average.......

Entire preservative
period:

Total...-........
A verage......

Grams.
3.861

.772

C

7.

Grams.
9. 641
1. 928

3. 842 9. 59-1
.76$ 1.919

7.703 19.23:;
.770 1.924

4.394 10. 971
.879 2.194

4.236 10. 577
.847 2.115

3.555 8.877
.711 1.775

3.241 8. 100
.ti49 1. 620

15.420 38.:525
.771 1.92;

A fer period.

First sub)period:
Total.......... 3.674 9.174
Aveng.......... .735 1. 835

Second sIulpJ)riod'
Tot:tl ........... 3. f;.1 9. 121
Average........ .731 1.$25

Entire after period:
Total........... 7.328 1X. 298
Average........ .733 1 830

7.

I-.

z

Grams. Grams.
1.483 8.158

.297 1.632

1. 331 .263

Grams.
0. 661

.132

.713

0

0.
..- l.

c--f

Results expressed in
per cent of total sul-
phur in terms of SO.

!. - f ,!-

I. -. '-a

Grams.
7.4t97 1:11.3
1.499 .......

7.550 1:10.t
10 1

P. ct. P. ct. P. ct. P.ct.
15.-1 84.6 6.9 77.8

13.9 86. 1 7.4 78.7
._266 1.653 .113 1. ........ ....... -... ...........

2.814 16.421 1.374 15.047 1:11.0 14.6 8.4 7.1 78.2
.281 1.642 .137 1.505..............................

1.280 9.691 .779 8.912 1:11.4 11.7 88..3 7.1 81.2
.256 1.93S .156 1.782 ........ ...... ...... ...... ....

1.248 9.329 .753 8.576 1:11.4 11.8 88.2 7.1 8I.1
.250 1.866 .151 1.715 ........ ...... ..... ..........

1.268 7.609 .66-1 6.945 1:10.3 14.3 S5.7 7.5 78.2
.251 1.522 .133 1. 389 .-........ .................

1.092 7.008
.218 1.402

1. $$
.214

.572

.11.1

33. 637
1. (i82

8. 602
1.720

.613 6.395 1:10.4 13.5 86.5

.123 1.279 ........ ...... ....

2.809 30. $28 1:11.0 12.7 87.3
.1-0 1.541...................

7.6 79.0

7.3

8 85

80.0

93. 8 cb. . 0 ... .. -- -- 8- -..73 .11 70 1: 10.R 6.2
.14tli 1.:;774 ........ ......

1. 1i6 7. 91, .721 7.233 1:10.0 12.8 S7.2
.233 1.592 .1.5 1.147 ........ ...... ......

1.738 Ili.540 1.1!i i i. I0-I 1:10.4 .l 90.5
.171 1.60 i . 14ti 1. 510 ....... -..........

I I

7.9

8.0

79. 3

$2. 5

e

AS

114-4

}

+
F+ 1--.



BENZOIC ACID AND BENZOATES.

TA41.1E 1N.- r ru' (1"tlchjfirutiofs-Rato of preformud sulphates to ether aul sulplatcs
and neutral sulphuir, Series VTII-Contiliued.

[Averages are per day.]

No. 11.

Period.

Fore period.

First subperiod:
Total.........
Average........

Second subperiod:
Total..........
Average......

Entire fore xriod:
Total..........
Average.......

Preservatire period.

First subpcriod:
Total..........
Average........

Second subperiod:
Total..........
Average.......

Third suhperiod:
Total..........
Average.......

Fourth sub)period:
Total...........
Average.......

Entire preservative
period:

Total..........
Average.......

After period.

First subperiod:
Total...........
Av(rage......

Second subperiod:
TlotaL..........
Average........

frJ

0 .

Grams. Grams.
5. 189 12.956
1.038 2.591

4.569 11.409
.914 2.282

9.75 4.363 ;
.976 2.437

5 3)f 13.37 +
2. t75

11.624
2. 325

f . I "''

l !0

a;a

Grams. Grams.
1.925 11.031

.385 2.206

1.381 10.028
.276 2.006

3.306 21.059
.331 2.106

1.294 12.077
.2(0 2.415

1. 2:2 . 36;
.2ZS2 2. 07 3

13.577 1.040
2.715 . 08

:3.087 1.244
2.617 .249

51. F'3 4.840
2.583 .242

- I

12. 5i3 1.489
2.511 .

-

"A -

Grams.
0. 559

.112

Grams.
10. 472
2.094

.509 9.519
2.102 1.904

1. 068
.1l0"

_-.:

L 1.

i.

Results expressed in
per cent of total sul-
phur in terms of SO,.

/-

.s

P.ct.
1:18." 14.9

1:18.7

19.991 1:18.7
1.999 ........

.634 11.443

.127 2. 2.89

. 544 9.822

.109 1.964

12. 1

P.ct.
85.1

P.ct.
4. 3

S. .. I .

P.ct.
. 8

..-...

87.9 4.4 83.4

13.6 86.4 4.1

1:18.0 9.7 90.3 4.7 85.6

1: 18.1

12.537 .656i 11.f81 1:18.1 7.7
2.507 .131 2.37ti ........ ....

11.843 .618 11.225 1:18.2 9.5
2.369 .1241 2.245 ........ .....

46.823 2.452 44.371 1:18.1 9.4
2.341 .123 2.219 ....... .... .

- .- * - - -
11.2 13 .599
'2.2'13 .120

5.223 13.041 !. 804 11.237
!. 045 2. ( .:361 2 247

0. 4t+ 1: 17.0, 11.9.
2'.0013 ........ ......

.47ti 10. 7ti

.095 2.152

10.8 89.2 4. 7 .4. 5

9' .:3 4.8 47.5

90.5 I 4.7 '5.8

90.6i 4.7 85.9

88.1 4.8

... 
.

7 .
:3. 4

82. 5

Entire after period:
Total ........ .. 10.250 25. 5194
Ave rage ........ . 1. l025 2. 559

3. 293 22. 301 1.075 21. 2211
. 329 2. 230 . 11l8 2. 123

1:19.7 12. 9 87. 1 4.2 82. 9

1145

0

J. 57
1.071

4. 655
.931

5.437
1.087

5.241
1.048

20. 689
1. 034

5.027
1.005

2.0u

1:_'2.6 13.4



INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE IX .- Urine determinations-Ratio of preformed sul phates to ethereal sul phates
and neutral sulphur, Series 1T II-Coiitinued.

[Averages are per day.]

No. 12.

Period.

C

c,
.^.

r

I.

Fore period.

First soilhperiod:
TotL-..........
AXverage.......

Second snihperiod:
Total...........
Average........

Grams.
4.507

.901

Grams.
11. 254
2.251

4.605 11.499
.921 2.3()

Grams
1.6i96

.:39

? . 1 .

- U,

Gra. Grms Grms

9.558. 1.123 8.435
1.91'1 .2'15 1.687

1.525 9.974 1.061 8.913
.305 1.995 .212 1.783

0.
U)

^..)

L-

Results expressed in
per cent of total sul-
phur in terms of SO3 .

.-! 1 1 )

, *C)
CJ~ V C

-- C -
z. - -

P. ct. P. ct. P. rt.
1:7.5 15.1 84.9 10.0

1:8.4 13.3 86.7 9.2

Entire fore period:
Total...........
Average........

Preserraftire period.

First suibyxriod:
Total...........
Average.......

Second subperiod:
Total.........
Average......

'Third subhperiod:
Totacl..........
Average........

Fourth subperiod:
Total.........
Average.......

9.112 22.753
.911 2.275

3.221 19.532
.322 1.953

5.277 13.177 1.719 11.458
1.055 2.635 .344 2.292

4.88.3 12.192 1.535 10.657
.977 2.438 .307 2.131

4.925 12.298 1.839 10.459
.985 2.4f0 .368 2.092

4.1411 10.353 1.172 9.181
.829 2.071 .234 1.836

2.184 17.348 1:7.9
.218 1.735 ........

1

14.2 85.8

.149 10.309 1:9.0 13.0 87.0

.230 2.062....... ..... ......

.987 9.670 1:9.8 12.6 87.4

.197 1.934 ._..... ..-.. .....

.953 9.50(1 1:10.0 15.0 85.0

.191 1.901 ...................

7.923 8.258
.185 1.652

Entire preservativc
period:

Total........... 19.231 48.020 (6.2655 41.755
Average........ .. 962 2.401 I .313 2.088

After period. I I
First subi1period:

'Toutal...........
Av erage........

Second subperiod:
'Iotal ...........
AXv(erage.......

Entire after period:
Total...........
Average.......,

4.195 10.474 1.22:
.8:;9 2.095 .245

4.199 10.485 1.181
.840 2.097 .33

8.394 20.95.) 2.9Ki
.839 2.(0)96 .291

4.012 37.743 1:9.4 13.0 87.0 8.4 78.6
.20 1 1.887 -....... ...... ...... ...... .....

.771 8.478 1:11.0 11.7 8.S.3 7.4 80.9

.154 1.fi9i ........ ............. .......

.730 8.074 1:11.0 16.0 34.0 7.0 77.0
.146 1.. .il ........ ...... ...... ...... .....

1i.501 16.5.2 1: 11 .0 13.9 86.1 7.2 79.0
.150 1.ti5...........................

iI

1146

P.ct.
74.9

9.6 76.2

8.7 78.2

8.1 79.3

7.7 77.3

8.9 79.81:8.9 11.3 8+8.
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TABLE IX.-Urine determinations-Ratio of prformel su lphates to ethereal sulphates
and neutral sulphur, Series VIII--Continued.

SU MAINiARIES.

[Averages are per man per day.]

Nos. 1 tnl - 1.

Period.

I

+.+

5-

0

Fore period.

First suhperiod:
TotaL...........
Average......

Second suhperiod:
Total...........
A verage.......

Gram.,. Grams.
8.822 22. 028
.882 2. 203

9.781 24.424
.978 2. 442

'.

1.

.

7

-

0

Si

. ",

x c

Grams. Gram.s. Grams. Grans. P. ct.
3.016 19.012 1.583 17.429 1:11.0 13.7

.302 1.901 .158 1.743 ........ ......

3.477 20.947 1.832 19.115 1:10.4 14.2
.:348 2.095 .183 1.912 ........ ......

Results expressed in
per cent of total sul-
phur in terms of SO3 .

'f l .-

L -

P. ct. P. ct. P.ct.
86.3 7.2 79.1

85.8 7.5 78.3

Entire fore period:
Total .......... 18.603
Average........ .930

Preservative perioId.

First subperiod:
Total.......... 9.393
Average........ .939

Second suhperiod:
Total.......... 9.013
Average........ .901

Third suhperiod:
'Total........... 8.971
A verage........ .897

Fourth suhperiod:
Total........... 9.013
Average......... .901

Entire preservative
period:

'Total.......... 36. 390
Average.......... .910

After period.

First suhperiod: I

Total........... 9. (MMI
Average......... . !101

Second subiperiod:
Total........... 8. 153
Average........ .81:5

F;ntire after period:
Total............17. 159
Av~e rage........ ... 85

46. 452 6.493 39.959 3.415 36.544 1:10.7 14.0
2.323 .325 1.998 .171 1.827 ............. .

23.456 2.266 21. 190 1.620 19.570 1:12.1 9.7
2.346 .227 2.119 .162 1.957 ............

22.50 2.991 19.513 1.692
2. 250 .299 1. 951 . 1(9

22. -101 2.514 19.887 1.669
2. 240 .251 1. 989 .167

22. 505
2.251

40. 8Ai6i
2. 272"

22. 488
2. 249

20.:35s
2. (3i

12. 8ti6
2. 112

2. 874
.287

19. 631
1. 9i3

10.6145 80.221
2i6i 2. (Mki

2. 409 20. 079
.241 2. (kl8

2. 29i 18. (02
.230 1.80(6i

1. 70 3. Ii11
.23. 1. !K)7

86. 0

90.3

7.4 78.7

6.9 83.4

17.821 1:10.5 13.3 86.7 7.:i
1.782 ......... ...... ........

18.218 1:10.9 11.2 88.8 7.5
1.822 ........ ...... ............

79. 2

81.3

1.684 17.947 1:10.7 12.8 87.2 7.5 79.7
.168 1.795 ....... ...... ...........

6.665 73.556 1:11.0 11.7 88.3 7.3 80.9
.16i7 1.839 ...............................

1.5i82 18.497 1:11.7 10.7 89.3 7.0 82.0
.158 1.8i . .......... .....................

1.472 161.590 1:11.3 11.3 88.7 7.2 81.5
.147 1.(59. ........-................. ....

3. I154 3:. (187 1:11.:5 11.0 89.0 7.1 81.9
.153 1.751 ...........



IN LNL EA(T uF I'OOD PRESERVATIVES 0U HEALTH.

T AmI.E IX .- [ rim t te i inations- Ratio of pre fJormed sul phat es to ('thereal sulphates
and neutral sul phur, Sercies I III-ContinuCd.

SI-M11A 111 ES-Continued.

[Averages are per man per day.]

_\o. . 1, "2, - 1 , : 3, and (G.

c.

*..

'r

f.

I

zr

v
7

'J.

c
.-.

^ 
F.

1 'l.
'J.

J

wl

+s,2

S..
0~'

c0.

c f~

C
'4-.

Results expressed1 in
per cent of total sul-
phur in terns of SO3 .

it

z
Fore period.

First sul xriod:
Total...........
Aveag........-

Second suiul period:
TotaL.........-
Averag.........

Entire fore period:
Trotal.........
Average....----

Preserratire p riod.

First subpcriod:
Total-..-.......
Averge........

Second sulbleriod:
TPotaL..........
AXveragf'........

Third subperriodl:
T otal I.. .. .. . ... .
Average.......

First, second, and
third sulywriods:

Total........ ..
AXveragc.......

After period.

First snhlporiod:
'1'ota l...........
Averng........

Second siqwiriod:
TIotaL . ... .... . .
A verage........

Grams. Grams. Grams. Grams. Grans. Grans. P. ct.
21. I55 59.074 7.714 4Ii.:3t 0 ' 3.751 42.0 1 : 11. 4 14.3

.8ti6 2.1463 .309 1.854 .150 1.704 ........ .....

23.337 58.273 8. 64(0 49. (33 4. 166 45. 467 1:10.9 14.8
.933 2.331 .341 1.985 .1(i7 1.819 .............

44.992 112.347 16.354 95.993 7.917 88.076 1:11.1 14.6
.900 2.247 .327 1.920, .158 1.762 ........ ....

22 832 57 015 6 879 50 136 3 f19 4C 517 1:12 9 12 1
. rJ1

22. 932
.917

22. 861
.914

2. .2 r J. )5 .
2. 281 .27:; 2.00>5 .145

57.258
2. 290

7.888
.316

57. 082 6. 886
2.283 .275

49.370
1.975

50. 196
2.008

(68. 625 171.355 21.653 149. 702
.915 2.285 .289 1.996

21. 622 :53.989 5.659 48.330
.865 2. 110 .226 1.933

20. 6()0 51. 589 6. 041 4i. 548
.121; 2.04 .242 1.822

Entire after perio:
Totail........... 42. 282 1051. 575
Averag............54ti 2.112

4.036
.161

4. 067
.1(13

11.722
.15(1

3.8(11
.154

3. 558
.142

11.71N) 93.878 7.4
.238 1. 878 

). J ..
1.861 ....... ......-

45.3:34 1:11.2 13.8
1.813 ........ ......

411. 129 1: 11.3 12. 1
1.845 ......... .

137.980 1:11.8
1.840 .......

44. 469
1.779

1:11.5

P. ct. P. c. P. Ct.
85. 7 6. 9 78. 8

85.2 7.1 78.0

85.4 7.0 78.4

87.9 6.3 S.6

86.2 7.0 79.2

87.9

12. 6 87. 4

7.1 80. 8

G. 8 80.5

10.5 89.5 7.2 82.1
...... ...... .... --- -..

41. 990 1:11.8 11.7 88.3 6. 9 81. 4
1.111+0 ....... . ...... ...... I...... ....

81.459 !:11.7 i 11.1 88.9 7.0 81.9
1.729 . . . - " . . .

1143

a
r!

-J:

L 
^

t..1

1=1

'.
...

P'eriodl.

v
r

t.,

.. n

7r.49!
. 148
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TABLE IX.- Urine determinations-Ratio of performed sul phates to ethereal sulphates
and neutral sulphur, Series VIII-Continued.

SCMMA iRIES-Continued.

[Averages are per man per day-.]

Nos 7 to 12.

Period.

Fore period.

First suhperiod:
'Total.........
A verage_......

Second subperiod:
Total.........
Average........

Entire fore period:
Total..........
Av~enage.......

.

I-

0

Na

o

Grams.
21. 94

.898

26. 477
.883

5:3. 423
.890

'reserrative period.

First sul)period:
Total..... ..... .28. 825
Av einige............ . !il

Second subIperiod:
Total........... 26. 478
A veng....... .83

'Thi rd suiperiod1:
Total.......... 27.04:5
Average...... .H2

First, second, and
third siIperiods:

Total..........
A varg........

82. 348
.9115

After periodI.

First suilytiriod:
IotalI........... 25.492
A\ver:ig........... .850)

Second suIbperiod:
I'Ot al ........... 21. (i4
Averrnge......... .. 819

~r
0

Grams.
t67.282

2. 243

ifi. 115
2. 204

--

z
L.

Gra ms.
9. 457
.315

8.7t3
. 292

133.397 18. 220
2.223 .304

71.975 8. 836i
2. 3!99 .295

lifi. ll;
2. 204

I7. 233
2.241

215. 324
2.281

6i3.I153
2. 1"

fill.081

Results expressed in
per cent of total sul-
phur in terms of SO :.

N

f C:

R.

Grams.
57.825
1.928

57. 352
1. 912

115. 177
1.920

(3. 139
2. 105

7.931 58.18 5
.26i4 1.940)

8. 243 51. 2M)
.273) 1.976h

2i. 010
.278

1. 398
213

7. 796i

'.
I

.L

Grams. Grams. P. ct. P. ct. P.ct.
4. 597 53.228 1:11.6 14.1 85.9 6.8
.153 1.774..-----.-.-".-...........

4.708 52.644 1:11.2 13.3 84.7 7.1
.157 1.7:i5 ............ ...... ......

9.305 105.872 1:11.4
.155 1.765 ........

4. 844
.161

4. 335
.145

4. 27
.151

180.til4 13.7Ti 1
2.0017 .152

57.l255 4.252
1.!NMI .142

5.7. 2'i 4. (Nill
.119 .2ti0 1.910 .13ti

.- -

P.ct.
79. 1

79.6

13.7 846.3 7.0 79.4

58. 295 1 : 12.0 12. a 87. 7 6. 7 x 1.0
1.943 ........ ...... ...... ...... .....

113.850 1:12.4 12.)
1.795......... .....

:4.713
1. 825

1:12.1 12.:3

8$. U

88. 2

ti6 i 81.4

G.7 81.5

iai.!N) 1:12.2 12.2 88.0 11.7 X1.3
1.855 .............. ...... ...... ....

5i3.(M13 1:12.5 111.1 89.9 i.7 83.3
1.717 ..... ..... ...... ...... .....

7.21 .I:1...11..0 88.0 ti. '. 1.8
1.774 ........ ...... ...... ..-.... ...-.

Entire aft ir period:
Total..........
A veng.........

51.55t' 128
.'\.71 i

.7:4 14.19 111.541 8.318 lik6.22 1:12.8 11.0 89.0 i.5 '2.5
ll .237 1. !NN .13! 1.770 

.

*- .

.
:.7

I

.)

::.ill I I u llII . , 1, Itl { 11 - 8



11 0 INFLUEN('E OF FOOD PRESERVATIVES ON HEALTH.

TABLE I1.- Lrillc detcrmtinions-iRaio of preforned sulphates to ethereal sulphates
amil neutral silphutir, Series I II-Contiinucd.

SL'M1MARI ES-C'ontinued.

[Averages are per man per day.]

Nos. 1 to 1'2, ornittin- No. 3.

Period.

Fore period.

First subperiod:
Total...........
Avierage........

Second subperiod:
Total............
Av erage........

Entire fore period:
Total .. ......
Average......

1'reserratire period.

ti

:r

Grams.
48.601

.884

'.

:r.

.c

a,z
f.

- 0

Grams. Grams. Grams.
121.356 17.171 104. 185

2.206 .312 1.894

49.814 124.388
.906 2.262

98.415 245.744
.895 2.234

First subperiod:
Total............ 51.657 128.990
Average......... .939 2.345

Second subtperiod:
Total....------ 49.410 123.374
Average.......... .898 2.243

Third sub)period:
Total............ 49.906 124. 315
Average......... 1.803 2. '.i0

First, sec(*ond, and
third subperiods:
Total....... .... 150. 973 :376. 679
Average........ .915 2.283

After period.

17.403 106.985
.316 1.945

34. 574 211. 170
.314 1.920

15.715 113.275
.286 2.060

15.819 107. 555
.288 1.956

15. 129
2. 275

46. 66:3
.28a

109. 486
1.991

330. 316
2.002

'l.

Grams.
8.348

. 152

8.874
.161

17.222
. 157

I , Resu
iper

0 ph

Gra. . t.. v

o t.

Grams. P. ct.
95.837 1:11.5 14.1

1.742 ........ ......

98.111 1:11.1 14.0
1.784 ........ ......

rce nt of tot1al siil-
ur in terms of S( )3.

. L *
L :

C : *-c

P. ct. P. ct.
85.9 6.9

86.0 7.1

P.ct.
79.0

.....

78.9

193.948 1:11.3 14.1 85.9 7.0 78.9
1.763 .......... ................

8.463 104.812 1:12.4 12.2 87.8 6.6 81.3
.154 1.906 ........ ...... ...... ...... ....

8.371 99.184 1:11.8 12.8 87.2 6.8
.152 1.803 ........ ...... ...... ....

8.594 100.892 1:11.7 12.2 88.1 6.9
.156 1.834 ........ ..... .. ...... .

25. 428 304.888 1:12.0 12. 4 87.7 6.
.154 1.848 ........ ...... ...... .....

80.4

81.2

80.9

Total...........-
Aerage........

Second sub)period:
'otal...........
A-erag......

Entire after period:
Total............
Average........

47. 114
.857

117. (142
2. 1 a9

441. 724 11(. (670
.8.4J 2. 121

93.838 2:34.:312'
.853 2.130

12.057 105.585
.219 1.920

13.837 102.83:3
.22 1.871

25.891 208. -11x
.235 1.895

8. 113
.148

7. 624
.1: 

15.737
.143

97.472
1.772

95.2(9
1. 7:1

192. (81
1.752

1:12.0

1:12.5

1:12.2

10.2 89.8 6.9 ' 82.9

11.9 88.1 6i.5

11.1 88.9

s1.6

6.7 s2.2
-...... .....
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MICROSCOPICAL EXAMINATION OF THE URINE.

The numbers used in representing the relative occurrence of micro-
scopic bodies have the same values as in the previous parts of this
bulletin namely, none, 0; very few, 1: few, 2; fairly numerous, :3;
numerous, 4; extremely numerous, 5.

DISCUSSION OF OBSERVATIONS.

In Table X are given the results of the microscopical examination
of the urine.

Uric acid cr?/stals and rates. In the case of No. 1 uric aci(l crystals
are found only on two occasions, both in the preservative p)eriol. In
the case of No. 2 there are a few in the fore period. In the case of No.
3 they exist only in the preservative period, a very few being found
on two occasions. In the case of No. 4 they (1o not exist in the fore
periodl andl are present at all observations in the prservative period,
reachijngr "' fairly numerous" as a maximum. Nos. 5, 6, 9, 10, 11, and
12 show no uric-aci(d crystals whatever (luring any part of the obser-
vation. Nos. 7 an(d S have uric-acidl crystals only (luringr the >r)'s('rV

ative perio(l, and then only very few were observe(l. The percentage
figures for relative occurrence show 16.7 in the fore period, 37.1 in
the preservatives period, andl 4.4 in the after p1erio(l.

The existence of urates is not revealedl 1) the mlicroscole in any
case with any of the men u(lring the whole period of observation.

('r?/stals of CUU l/rt Oralat(. Ilese crystals are pr('senit in1 all cases
(during the (if ferent p(erio(s of tlie o)servation, withl the exception of

No. 8. They are less numerous in the cases of Nos. 4, 9, and 12.

Th11e f igIres for relate ivye \'oc rrence again shlo)w an1 increase in1 t lhe 1re-

se'vat"ive l)ui'o(d al(d a decrease in1 tlie after peril.

('rysta//ine JhosJhltfs. ('rystahlline phos)hates are foun1111 i a. few

cases, nIotal)ly Nos. 1() aml 11. They are found in oIl\ one instance

in the fore period, ninaiielv, t ie case of No. 1 0. The figures for relative
0cc II urence shomw anu iIc rease in t1he prese'rva1tliv(' l)Eriod b)lut tlie data ill

not warrant very m1iuich im 1)ortanlCe bleilnr att acll(I to them(111.

.liirph/us p)lIrr.mpj)/tateS. AmiIOrl)lhous )hosphat es are found in a few
111stailc s, 1IOtal 'V in tll(e 1 as(s of Nos. 1t ( ilnd I I. 'l 1( oc c 0ur 111re
o(ft11 ill the )reservt1i Ve j)fiod, eXCej)t1 il t 1e il's of \os. 2, 5 , illl

9 W 1111 1 2l )a illp r ill th 1 lfter )rilod. i1( eXl)r('ssilll for0 relative

1c8lifT 11' sholl s al light increase in t le J)reservat ye period and t h)is
is fur~lter umuiemul'1tedt ini the' after petriodt.

IE'pit/ulial rElls. hll' ep)itholil Cells are p)resenit (juitte unliformiily

1 lirullgli it 10 W 1 hole l))1('rt4l Of l).SefV lllll. .1 few t10' i11f t01i1lV

)rt's l'ult Ill i 1l )res('r V tilve i M'I'iml 11 11t' of . tN . :;, -, *, b, :ill( 7.
'i ( I Were fulf'l\ IllllfII ls t lfoul tio Illt 11 t 1(' 0 8sl' of No. 2, 1111 for t 1

ot0c 1 (ll('1Ill))e"s a1 ery few were folllti ut sO111 obseft iull ai a fe0w

11.51
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TABLE X. Microscopical examination of the urine, Serifs VIII.

(None, 0; very few, 1; few, 2; fairly numerous, 3; numerous, 4; extremely numerous, 5.i

Fore Preservative After
period. period. period.

Ir - - -

URIC-ACID CRYSTALS.

Fore Preservative After
period. period. period.

No. = r- _:

* . - r - . -.

A.MORPHO'IIUS P'll ()Sl'1ATES.

1..................O0
2..................2
3..................O0
4.................0
5.................0
6................ 0.
7................ O0
8.................0
9................. O.
10...............' O
11............... O
12 ............. 0

Total..... 2_

Relative occur-
rence.......... I1;.1

0
0

U1

0
0
.,
0
0
0

11

1 2 0 0 1................
o 0 0 0 2.......--"--..
0 1 0 0 3................
3 1 1' 0 4..............
0 0 0 0 5................
0 0 0.... 6................
0 1 0 0 7................
1 0 0 0 k...............
0 -..-. ' 0 0 9................
0 0 0 0 10...............
0 (1 0 0 11...............
0 0 0 U 0 1'-............

3 : 5 1 (I

.i7.14 4.35

'Total.

o 0
0 0
0 0
O 1 0
q 0
0 0
0 0
I 0

11 11
4 0
l) 0
0

4 0

Relartive occur-
ren ice........ 33. 33

0 0 0 0
0 0 2 1
0 1 U 0
3 0 0 0
0 0 0 5
0 0 (I ....
0 0 0 0
0 0 0 0
0 1.. 3
.) 2) 5 ."

3 5 4 0
0 0 0 0

S 8 12 11

4. 71 100. 0I0

('RYS'ALS OF" ('.AL('lliM (XALIATE.

....... 2 3 3~ 1 2 2 1...................I 2
1 2 1 2 1 (.........................3

.... 1....... 1 1 0 1 1 1 4................ . 2
2 3 2 22 1 5..................2 2

.... .. .. 1 I 1 .. . 6.................. .
0. 2 1 1 1 7....................1 2

....... 0 0 0 0 () ( 8..................... 2

.. .....2 1 1 ... 1 2 9 .. ....... 2 1

....... l..... 3 ' 2 3 1 10.............. '_.. "2
. 0 1 1 1 0 12................ 2

Total ..... 16 20 15 13 15 9 Total ..... 21 24

I 2 1 1

2_ '' I 1
2? 1 I I

2' 1 2 '22 I I 2
1 1 1 1

23 2il 19 17

Relative occur-
rence.......... 13.:3 137. 14 104.35

Relative occur-
renrce... ...... 175. (N)

(' IYSTALIINE I1'IOS

1 . . . . . . . . . . . . .
2 . . . . . . . .. . . ..
4 . . . . . .. . . . . . ..-
4................
5................
7 ................
7................
K ................
1..............
10...............
11............
12o...............

Total .... .

o 0
o 2
0 0
0 0
0 0
0 0
0 0
0 0
11 1
2 0
0 0
0 0

2 2

elative oc1cur- 1
rence. .. . ... ... Iti. 67

I'IIATES. I

0 0 0 0 1..............
o 0 0 1 9
0 1 0 0 3...............
0 I1 0 0 4..............
0 (1 0 0 5................
0 0 0 .... (................
0 0 0 0 7...............
0 II 0 I) 8..............
0 ..... . 2 1 9..............
2 1 1 1 10 ......... ...
2 ' II ll .. . .........
0 0 0 0 1.'

4 4 5 3

28. 57 34. 78

Totall.....

Relative oe(cuir-
rence.....

LEC'mYTS.

0 1
I I
I I
I I
I 0
I I
I I
I I
1 1
I I
U I
I I

0 1 1 1
I 1 0 1
I 1 0 U
I I 0 2
1 I 0 1
1 1 1 ....

', I I
I 0 0 12 ': 1 0

I I 0 1
I 0 1 1
I I I I

10 11 13 10 +. 10

83.33 97. I4 + b . "*7

a Sone in ehaut..

No.

1....

4....
5....

7....
8. _..
9....
10...
11...
12...

191.43 15i. 52

i";ITHEI L I L (.1 'EL:S. .
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T m.1 l: X.-Microscopical examination of the urine, Series VIII-('ontinued.

(None, 0; very few, 1; fer, 2; fairly numerous, 3; numerous, 4; extreIely numerous, 5.)

Fore Preserv"ativ'e
period, period.

S..,

i. --

IIY'.LIN: CA sTS.

A fter
period.

I-. - I
.- N

I I

No.

Fore Preservative After
period. period. period.

- - -

MUCOUS CYLINDROIDS.

1...............

4................

4...............
7................
S...............
7...............
8...............

4................

11..............

T otal....
Relative cour-

rence.......... 108.

2 1
1 1
1 1
1 1
1 1
1 2
1 1
0 1
2 1
1 2
1 2
1 2

1:3 16

33

1 1 1 1 1...............
1 1 1 1 2............
1 1 0 1 3...............
1 2 1 2 4...............
0 0 0 0 5...............
1 1 2 .... 6 ...............
0 1 0 2 7.._.........
1 1 0 0 8...............
0 .-.-. 1 0 9...............
1 1 0 0 10..............-
0 0 0 1 11..............
2? 1 1 1 12 --------------

9 10 7 9 Total......

100. ()

2
1
1
1
1
4

1
1
1
1
1

17

69.57 Relative occur-
rence..........141.67

2 3 4 2 4
1 2 2 1 2
1 2 2 1 2
3 2 2 1 2
1 1 2 2 1
4 3 4 3 ...
:3 2 1 2
1 3 2 1 1

' I 1 12? 2 1 1 1
2 1 1 1 2
2 1 2 1 1

24 24 24 16 19

200. i 152. 17

FINELY GRANULAR CASTS.
MUCOU('S STRANDS.

1................ O 0
2................... 0
3.................1' 1
4 _. .. ............. O 1
4................ 0 1
ti................ O0 1
7................ 0 1
S ................ 11 0
9................ I. 0
10.................. 0)
11................0 1
12.................. 0

Total... 2 5
RcIativ-e oc(c(ur-

renre ........ .1 41 . i7 25.

0 0 0 0
0 0 1 0
1, 0 0 1
(0 1 0 0
0 0 0 0
0 1 0'....
0 0 0 1
() 0 0 0

1 0 0 0
11 0 0 1
0 0 0 0

2 2 1 3

71 17.39

1..............
2...............
3...............
4...............
5...............
6...............
7...............
8...............
9...............

10...............
11..............
12...............

Total..

3
1
2
2
1
4
4
.)

9,

4
1
1
4
4,
4
4

.
.
.
.
.

27 30

telative occur-
rence.......... 225.00)

4 4 2 4
2> 1 2
2 2 1 1
2 2 2 3
1 '_ I?
3 4 3 ....
3 2 '
4 2' 1 1
2 ' 1 1

'? - 1

29 25 18 19

240. O(1 16(1. 57

('OAlSElY GRANULARR ('AS' I'S.

S1 IIMARHY.

1 ................ 0
2.............. I
3................ .1
4 ............ .... (I
5................ 0
6...... .. ....... 0
7 . . ... ..... .. (1
8..... .... .... 0
9 ..... . .. ... (1
10...... .... ... 0

1'l ..... ... 11O12........... . 0

'IT tal..... 2
relate . .1c.7r-

rence"......... 1i. 1;7

0
0
(1
I1I

1
0

11
11
(1
11

0 0
0 1
0 0
() 0
0 0
(1 0
0 1
11 1)

1 ...
0 0
0 1
II (0

u ,
0 0
0 1 'l'otal........... Ili
0 0 Relativ'e occur-
0 0 rence.......... 64.44
0 .. -
0 0
0 0
0 0
1 0
0 0
0 0

19:i 204

75.24 59.13

4 1 0 3 1 2

20.() 13. 04

No.
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MICROSCOPICAL EXAMINATION OF THE BLOOD.

Table XI contains the data showing the number of red and white
corpuscles and the percentage of hemoglobin in the bloo(1 as observed
for the three periods.

INDIVIDUAL DATA.

In the case of No. 1 it is seen that there is a. progressive increase in
the number of red corpuscles in the preservative an(d after periods.
There is a duminution in the white corpuscles in the pre'serv-ativ-e
perio(1 and the same number is found in the after period as in the pre-
servative period. The percentage of hemoglobin is slightly diminished
in the preserv-ative period anl increased in the after period.

There are no data for the fore period in the case of No. 2, but an
increase bo1th in the nullber of re(d an( white corpuscles is showiI in
the after period. The percentage of he'nioglobin remains the same in
the t wo periods.

'The data for No. 3 show a marked diminution in the number of red
cor)plscles in the preservative period and an increase in the number of
wI te corpuscles. There is a very shght increase in t hie nml ber of redI

cor)uscles in tle after period over the preservative period an( a
Iarked decreasee in the nuIIber of white cor muscles. lhere is no

difference inl tlie percentagee of heimioglolbI1 inl tlie 1)lo(o> ill tihe fore an111

preservative periods, but an increase is recorded in th e after period.
No. 4 shows a decrease inl t le numiibleI of re(d and white corpuscles in

the pr('servative period( and111 t lie decrease in1 re1 corles('lC5 is on('0tu111edtlI

in the after perio(l, while the white corpuscles retIIIn in tlie after

periol to the saimie Iagnitude as in th fore period. Ilere is a very
slight decrease iin the percentage of hiemioglobinl in tlie blood in the

preservative and after pe'riods as comiipare( wit Ih t le fu('re period.
Ihie case of No. 5 shows a Iotabl)le decreasee of Ieariil 2 ,()((),()()() in

the Ililber of reti corl)uscles ill t le pI'eseI'\at ie lperiotl. l(' In1IJlher
increases inl the' after p('riod( b~ut (loes not reach t ht of t le fore I('riml.

The decrease in11 th(' lumbeli ('r of whiIte ('(oruIle('s in1 thec' eI'CEr'Ivativ"e

p)erio(1 is also very maIiirkCe( alnt1 followed hv n1 .lirht decreasee in the
after )ri( o . lI'1.t ' is a 21 li t ileit('il5' ill tlit' 1 lil oglobiin iii t he r(-
s('r"liV'l' pl'riol Wit I tL i l IIt iiiill i 1 t hl ift' ilit F I~t'rtfl t(I lie 1 i ilft' of I lie

pi t', ~ii t' I rl)15Ct'r\il i"t' I tr'sttl :l rd : Iinidt'rzll)I in ii ~et It lt ' riut

iil(rt':1ses slighlt I\' I~t~t II ill t lt' Iprt'se'rvat i\'t' andti Ilt' alftt'i Ipt'rit His.

1 1 tlie cast' of No. 7 ll here is a n frkf'l i lire:lt 1111 1\t'r a Iiilli i ill

t hit' l l lllh ' l of Irt'l l' I s t'YP 1 tfll1' llod I l t' 11r' t' at l\'t' petid

11i111 Is, 01 iib ' .i so It'\ 1 h t Ill irkestd i nl le at ft o' r a'I l. '1'liert' I
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also a marked increase in the number of white corpuscles (luring the
preservative period and a very slight increase in the percentage of
hemlloglobin. In the after period the hemoglobin remains unchanged.

No. S shows a marked increase in the number of red corpuscles in the
preservative perio(l and a very decided decrease in the after period.
There is also a slight increase in the number of white corpuscles in the
preservative period and a marked decrease in the after period. Ihe
percentage of hemoglobin is less in the preservative period. than in
either the fore or after periodls.

In the case of No. 9 there is a decreasee in the number of red cor-
puiscles in the preservati'e perioCd an( an increase in the after perio(l,
and the same is true of the number of white corpuscles. There is a
very marked d(('crease in the quanltity of h1emnogh)lbIn in thle J)reserva-

tive period anlid a retluin to normal in the after period.

No. 10 shows an increase in the numi1ber ol reId corpuscles bot h1 in the

)I'eservat ivye and I alt(er1 )erio(1s. Ihere s a very marked dlecrease in
tihe number of wlte (or)ltscles in the preservative period which is not

wh iouly restoreId in the after period. There is a nota.)le deficiency of
heoroloin (11urin11g the preservative period.

No. 11 hw a)W 2 d(leerease i1 n l ilhl)('I' t uof Ie corpuscles in thle

pjresc rv ative period )( an111 II inc rca se in the after I perio d. ThiIere is
an inIcrease in1 tlie ]1nm)er of white corul)scles iln the preservative

pe(hriol and a decrease 1in th le alter period. The henmgloini in th 1e

pIres('1ervat iv e and1 after )eriOdl s is very s liht ly increased over that of

the fOre p)ceriod1.
II the (ase of No. 12 there is agraiin all increase ini the lumber of

red orp)uscles inl the 1)loo0d during g the preserv'at iv"e period and aL

decrease inl the : after period. The umber Of' white co)rp)uscles is also
siigh ltly greater in the preserv-ativye pern iod and markedly less in the

alter period. The helnoglOhiln is slightly greater 1)th ill the pre-

ser''at1iv'e and after )erimu ls t 1han in th e fre period )(I.

SUMMARIES.

A smmIIaIIirv of the dlat a fr \NOs. I to (i, inclusive, who received

I)el oie it(1I, shOWS 1 i hat 1 Ile llllil)er of re(l Coruti) scles il Ilie 1}1000(
is v ery 11t21l dohii111111sled ll I lie )reserfvative period, while 11 ll lie

211ft Ier I i it riles a rail l uost ) t lie 111111l)er O1 tle h1)re )eriO l(.
I 10 liillber of W~it 1110 000 )(180s is IS OeVry II1 Iv (l111111118 10(i Ill thle

)00lle 01 111VP,'I c)0l" lll ' ((,1'II ll (' 1(' 0 I ('[ P f il tl I ll i1le illle i ll ) t0 (e

i)f.(e' :lti.\'a e ri~ :llc M~sill 1lhi t " i(re~~F (b(Is i ll th le after" peimuI.
' r1e IS i)ft let i'l V a11 I o'Ieet 1 )1 1IcllC(d I l1)O11 the lelaul1 1) il ei t h11r

1il t11 c' 1 )0res('l t (l' of lter I)'Iof lsd . Ile ('1 1('llhIlOll t 0 I10 (IfitW11

ff tIll t 11s stilliI iary 1i it I I 'e e 1s ato ('Ito l ) t011 1l h j):lI't of I he

l)'11/01i ait dI I to l ll s1 111 le llllll})('C of r'(dl (1 O)l ls i ll 110' I)100(1.
1' lil the 1 illlllul fY r10 Nos. 7 tO 12 li 1s eeli 11t1hlt I hrelf i 11i a-

I)I(' iI lI P(ILSO ll i 1 11'h Iliii ltl('F 1, r" I f orfI)ls( hes I le )h( ) ( )(I ai2011( the

110 t
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increase continues, though not to the same extent, in the after perio(.
There is scarcely any change in the number of white corpuscles in
the blood in the preservative period1 but a diminution of the number
of white corpuscles occurs in the after period. There is scarcely any
change produced in the percentage of hIemoglobin in the blood.

The conclusion (drawn from this series of data is that there is a
tendency on the part of the preservative, when administered in the
form of benzoate of soda, to increase the number of red corpuscles
in the blood, accompanied by a very slillt increase iml wlite corl>us('les.

In this connection attention should hIe called to the fact that

no particular significance was attached to the count of t he blood
corpuscles ill this stud, and for this reason it was made only ouce

during each of the periods. The data, however, show that not
enouh attention was paid to t his particular phase of invest irat ion.
I1 1ue instance 11 the dlllllistrltiou of 1)ell'iic acitl tie 1111111)er of

re co))uscles was increase(1, w-llile ill WO cases ill tile atllllllistra-
lon of tile lienZoate of soda the nuinber ofI red corpuscles w as de-
'raseol. Iierefore Ill1 Ilie t (rlpretio loll of 11(' oat a t 111ese la(s

must Ihe kept i inlin(i. W\ while the general effect of the ben"zois Ucid

Ul)l))eisU 1 )t ) to (ol1111111l te (1 l c('ofl)l1scles ai11l that of tli 1 )1-

ZOate of soda to 11101ease t 1il1 11 llfll)e, 1 11hre are (\c()lulls Ili 11 le

111di idUal (tida. B10'lo (lraWllie a filli (o 80lol rePset ) nllie this

Ilalter it oiold be (lesiralle to repeat t ie test, Iliainig adily nol'its
of 1 lie )lOOc0 )oIpuscles in order t hat I l1e accilde11 al valiat ioll Wh1Ih
Ilia take place inl a b1)lood count might 1)e eliminated. It miay- he

flift e Slerrste(I that I lie1 (1( Ienc v to increase' it :el I c ' Isllc0les

sllow'I1 by the( D~ell'/oat(' ul soda(lla. II hav'e ariseul ro I Iol liec & icit'

alkaliniityv of the blood iutiuced by the soola rather t:lai froniu any

specific a actill of I lie coIlpolilld as aW hole.

1151
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TABL: X I.- lAurages, by periods, of corpuscles and hemoglobin in the blood,
Series 1 'III.

No. 1. No. 2.

Period.

Fore period................
I'reservative period.......
After period...............

Period.

Fore period...............
I'Preservative pI riod........
A f ter period ........ _ ....---

Period.

Fore period.............
Preservative period.......
After period..............

Period.

Date.

1904.
Apr. 19 to 20....
May (6 to ll....
May 18 to 20....

Date.

1904.
Apr. 19 to 20....
Ma 6 to 11....
May 15 to 20....

Date.

1904.
Apr. 19 to 20....
May (6 to 11..._.
May 18 to 20....

Date.

White
co r-Red cor- ce-

plscs pusles
per cubic cubic
millimeter. milli-

meter.

3,770,000 5,595
4,415,000 5,318
4,955,OO 5,318

No. 3.

5,1:10,000
4,71,5,I(X)
4, 7s0,(0)

6,1
4,:
5,3

5,595
5,817
4,377

WVhite
cor-Ited cor- cr

1len- e cor- puscles Hecm-
0g- puscles

oflo- p - per oglo-
per cub cubic bin.millimeter. mili-milli-

meter.

Per ct. Per et.
95 .................... ......
94 5,100,000 7, 92 98
97 5,670,000 7,978 98

No. 4.

92
92
94

5,625,000 7,2
5,470,000 6,3
4,960,000 7,2

No. 5.

50,0)0 9,861 96 5,570,00
;95,0() i,482 97 5,123,00
190,000 6,371 96 5,620,00

No. 7.

57
.li
57

No. 6.

0
0
0

9,52
11,357
8,199

No. 8.

1904.
Fore period............... Apr. 19 to 20....
'reservati\"e periol........ May 6 to 11...

After period............... May 15 to 20....

'(riod. Date.

Fore period..............
i'reservative period.......
After period-... --"----..

Period.

190)4.
A\ pr. 19 to 20..
May V6 to ll..
Maty 1s to 20... .1

D)ate.

5,060,000 (6,537
4,6i40,(x) (6,039

,,(x o 7,424

No. 11.

F'ore period........
P'reservati ve Ierio.......
After p4riod........... .

19)4.
Apr. 19 to 20....
Ma f6 to Il..._.
May 1 to 20....

5,495,000
5, 2s5, 00)
5,773,)000

6i,205
7,00(

6i,043

95
96
96

5,285,(xx) 8,3ti5 94
3, 70,0xx) 8,919 95
4,6!5,(K)0 ti,039 96

St'11MA1RIES.

Nos. I to .

Period. lId ror-

ieihic enil-
Slime~ter.

Fore period:
Totali..............''22fi,2-15,(MMI

P'rest'rvative pIe riod:
'TIot al.............29,270,M)
Averag...........4,.s7s,3:1a

After pe'riodl:
Total1...............:1,373,0(MMI
Ave.rage............5,220t, 17

\1hbit("
corlji-

oarl IIceles I~"
cuble
Iuilli-

:17,837

4:1,2127,202

Ilitn- Ited '
oglo- licle

lintet

1'.tl.
47ti
,9r

Nos. 7 to 12.

White
cor- corpus- lier-
s ,er clt's pr 1 l-
Iti- eh * Ii .I
er. milli- b

nltctr.

29,lili0,(MN)

96i 5,:120,M:1I

579 3,ltih,(MM1
!17 l,,,'2il, t

43,9:1 I

44, 711
7,4111i

4,2211.
61,704

I'. '1f.
:79

:73
95

Nos. I to 12.

Iled cor-
plast( les per
clilce l-

limecter.

b5i,!NI)5,(N0
5,0Kti!, 273

'fil ,1O5,(NM)
5,09.9,5 S

581 'ti3,0:0,,INN)
97 5,23,004)

WVhite
corpus- ilrn-

milli-
mleter.

81,7618 1,055
7,4:13i !Il

87,975 1, 14li
7,331 !i

79,726f 1,160
6,1644 97

6 It'VI'II in Ien only.

97
96
96

96
97
98

4,275,000
5, 230,()0
5,380,000

7,091
9, 473
7,147

96
97
97

4,875,000
5,573,(00
4,535,000

6,260
6,703
5,263

No. 9.

97
96
97

No. 10.

98
93
98

4,670,000
5,425,000
5,775,000

9,473
ti,039
8,310

99
95
97

No. 12.

c rTelv'e mlen.a Five mnen only.
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METABOLIC PROCESSES.

NITROGEN BALANCE.

IN)IVIDUAL 1)ATA.

Ao. 1.

In the case of No. 1 the average laily content of nitrogen in the
feces in the fore periodI is 0.68 gram, in the preservative period (.73

gram, anti in the after period 0 85 gram. There is a slightly larger

quantity of nitrogen, however, in the food in the preservative period
andl the weight of (ry feces decreases. The increase in the qullantit-
of nitrogen in the feces in the after period over the fore period is

probably due to decreased assimilation, as the weight of the dry
feces Increases, 1I(catlIlr a te(l(n 111 this case to() increase tile

excretioll of 1hInmetabolized nitrogen. The quantity of nitrogen

appearing in the urine is greater in the preservative period and con-
siderably (lilninislled in the after period. The percentage of nitrogen
excreted inl the feces in h)thI the pr'eservative and after periods is
greater than iin the fore period, while in the urine a slightly larger

percentage is excreted during the preservative period and a decidedly
smaller percentage in the after period than inl the fore period. The
balance is positive in all cases andl amounts to 0.53 gram in the fore

period, 0.30 grain in the pres(ervati\ periodol, andl 1 .1 1 gramins in t he

after period.
Uo. 2 .

II the case of No. 2 the (uantit\ of nitrogen excretedl in t he feces
is increased in the pIr(s(rvat"('ive and in tlie after perilous over tlie

fore perniol, tie larger increase necllrrinIig lin thle Pi-seI'\ative period.

The aiouniit in the urine is )ract ically t lhe same in tile fore anidI tle
ai Uf pfIflods erlt, )11 tI 1 111rae(l U )(l t I gral in ll t lie t)strlt l\"

le'riro(l. 1he totitl eXcretolu of 1itrogell Ill l)Ot Ii fret's ai( prine is
iITreas(d 1 .82 rraIlls l (I'llli t 11(i l)'('se\"at lYe peiool, While il1 h 1e

lft 1) TIO(r pr1 111te i c se tS collll)are(l Wit 11 1 li fore 1)prlod IS o11

0.32 rfail, al illg teil('Il\ to ret illl to t lie oil 1 oni ltoi lls.

I 14 Illi fog(ll lXC rete(' I1i1 tlle fetes is 1 .7 i er ce l it fze tteri Il 1 ie

l)Iserfl tiY'\ l)(fIotl ill( 1.42 )eC ('t'ilt g elt Ill1 i te ilfter plerIlo

I 1111 lil t lie lore J)rlod. lie 1 r'eniltige l efreted Ill t lie lfie

Illicrises 1.44 per cet li I1 ill' l)res'tIt Ive priod 11ti1l 4.7 per (P t 011

in1 t1 lifter peilod als colla)ired wit 1i l fore )elod, Ilukinig a total

l) f(hrtfollt 20(' 111icrease Iill o'111t111 0 of (i.2 IIl hot Ii fects 1ill: t'rlll' Il

SI1e l)reser\at ive aild lft er paiodts as colll)ired wi 1 t l : fore l)riolt.

Ih 1 lance111 1is )oitl\e 11 atll ca1s aild illlillit s tts 1.(5 grIllls ill

I lte fore j)'riod, lecrl1sm1iing to 0l.1 I 1ill t lie preser0ative l)Orild

andI to 0.12 gra ini inl tle after p ermotl. 'ITiese ltt woNuldtl inienitca Ic a
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(lecidel increase in the excretion both of the metabolized and non-
I1"t til)l)]1/ l~ 1tIl>o ell.

_lo..3.

In the case of No. 3 the quantity of nitrogen excreted in the feces
is somewhat increased in the preservative period and notably dimin-
ished in the after periol as compared with the fore periol. The

qul1antity of nitrogen in the urine is practically the same in the fore
and in the preservative periods, and less in the after perio(d. The
total nitrogen in the feces an(l urine is almost exactly the same in
t he fore an(d the preservative perio(ls and about 1 granm per day less
iin the after perio(l. The percentage (lata show that in the feces
the nitrogen excretion is greater in the preserv'ative perio(l an(

(leci(l(11 less in the after period . In the urine it is again greater
11 the 1)reservtltie peri( all(1 notal)lV less in the after perio(. I1

)tl (eces all( UIrlle I he eXcetiloll is :3.52 per cent greater 111 the
)lPserIPtYlve )er0(1 , 21l1( 1.89 pet' ('11t le'ss I11 thi after perIOd1 t 1an

in1 the fore period. TI e )alan1ce is posit ive in all cases and amounts
to 1.35 grains, 0.78 graIn, and 3.08 grams daily for the three periods,
resl)ectively. Ii 1ie' (it a afe (X'y(11i( 1(( Ilr(oll "tle 1 Sill1111fifOe5, as t he

sll)ject )eca11e ill ill the t hir(i preserative s111)erio(l till 1e adt-

i1111ist r1al1 11 of I 1e bellZOIC a1'l( wats (I 1i1 81O1tl 0le(l.

In the case of No. 4 there is a slight. decreasee in the quan tit v of
nitrogen inl the feces in the preservat ive perio( <1( I also inl the after

1)ri(O(I. 11 0I'(e is a silgillt (1I(T01(' ol Iiif' ut e I'Ulli I le 1111111' Ill (111'

J)F(rP( '1 vt i ye )1)(1'1Ol, billt Il tle alter I per)lo(1 It is Ralllus t i10 s illl i(' tls II

the for(' erio(. In the feces andl u rine toget her there is a (lecrease
(>[" 111'1()o 'll of 0.41 ( a l t11 (e hI'(rsofV a lYP 1 ri.od 2111(1 i1 Y'aY lllgllt

(ec*r(itSe iII thc after J )erio(), as Co tll)1re(l W it1 1 h fore j)~ia ). 1 x-

I)r00( l ll percentagess it 1 swell that Ile )ercelitage eXcl(' til lof

nit 110g(1 i i I ( feces is al 11ost tle sa lel II e t ree )er1( s. T1e
r)('rc llit 2"(' ('XCE( t 1011 o l Il op(ell 111 1 li(' ll'e Is gf(fi'ltl'st II I (ie lore

2111(1 21'('' p1o(ds, Wit I1 t lie sanlie real l 0io fu I lie totall j)erflltiag,

the figures leilg 99.31 , 95.88, alni( 99.68 fr t le three periods,
resec) I lv' . rle 111g 1 1I)('''lliage of ('\Xc tio il l 111 o 10 l'' 2ld 11ter

J)elO(15 Is 8( lserVill ol Ot1 Ill I lis ('llllletlll. Th1 dily 1)211a111(' Is

pH lli e I lfro glliolt al(1 aiilltils Ino 0.1 ( '1111, 0.58 g 21111, al(1 0.05

gnr t il l, I' j)('t t IVo'Iv, l1' ill e 11'i'' )('1 (I s. h1 11 I1 ogeil e(juillI)r111ll1

1 W('11 Ililitil illle(l 111 1 11 ('1s(', t Jl('1 0 1)('111e 2l ( ' 1('11(i ' i t 111 ('I 21i' l e
:i8i81111tilti io [ Ilt1t rogeli slight l .

I 1' i ('lse f N1 .: S slWS at IllarkedI inicreasse ill tle excret iou of iit ro-

ge ll ll t I e 1)l1 1 l in2le ilsIlv)tive 1111(1 illor p' lods OVel t11e



lilt k1 U 1 t()1A.I! lI ).1.) lM1 l ' 1 ) .)J) 11 00.11 ) 01 ) .IOJ '.\ 11i) l(I01

illit~l;, t*''j ll .' 1t ltr; (*(}' I ' :. 1 (' () ; i l I I , d ll d.li 11 i 1111 '011 .)OI

lil Ill ,1 1 0 4lj I P 1 .)lui}1 II ')110 Sd 10.1 1 )l ) 0ld111..J1) )Illt Id .I f ,.1I0
1 d I II 111 d1 l.11 i ll)Uillill . tU(l1 ) 11,J 'l)lU1.1 .1)0))It 081 1 8! I1 p lll sl

.1l)}JU )1111 i i 01.1 T .i1) l)l{ ll )J. 1.8 , 1 11 }itll) }.).l AT 1A0.I .11 dill 011.11 J01J

1 T1,)1 O. I I d)oO.l.)X, JOllil Jlltt 1 d#.11: ,i )'J itild.)).I (1 l1 h) J.111

-\1 l ')110111.10 10 GI~,)ll\, ) l 11 1 l O~l y l)Ill 110 .1)111 JO) O I ll (llllA 0111

1ll 1Aital.)IdSJ)l ! i H i .11 1J1 l)l ( ll cl (11  ) 1 11 'spo 1.1,0( .1)11 )i111

.\10JAltilA J.I( 1 V I d.I i.)J9 I P 11 111111. ) i .1 R )J.H\( 10, 1O 1i.i1( .1(

J1 all l.lll ) 1 I t OI ),.1\) J )NO ,lli( Jll1 .1,)11 ,), ( ) ,).),) 1)Illi ,1(ll.Ill J111 111

'11.111 illl [ I 1 ) b {1.) J A)Ull lltd.) d)ill I M.I.) )7fli .VI 1 .Id l l II 111(1 J .) [1)
II 1)1 ) .. )XJ .io111ll111l) 01 ill J1)0 1.1)I1 dll I ,).1,)1 I ) i.i1 ,01,))Il 0ll 1 I II

.1lt~)1J1 il J.11i.J J 1 ,ill dilAI l 'o iild dJll 111. idS ).I( 1 il i ll UM ll1l(

( 0.)811 i 11)\ll 11 1)1 .I (1 J.ljI ) i J) iI ( AT A.S.I(1 1 t HI Hdl

-. 1 JO l11il) 1dJ Il . )l1)l)I.TO ~ l d .III1 ,)i ll ) d1.)d I ) 1. OJOJ

1911Z"O \33~~l1 (I \ V (II)V 9I0Z N I[T TT
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increase in the balance in the preservativ e period , not110 witlhstanling
the decrease in the nitrogen ingeste(d.

No. 8.

Thlle data for No. S in(licate an increase in the amount of nitrogen

excreted in the feces both in the preservative alnd after I)eriods.
There is a similar increase in the netabolized nitrogen excretel in
the urine, giving an increase in total elimination of about 1 grain
dailv iII the preservatie period ald of 1 .32 gramis in the after period
as compared with the fore period. The nitrogen ingested increased
0.47 gram in the preservative period and only 0.3 gramn in the after

period. The largest percentage excretion in the feces occurs in the
after period and the smallest in the fore )eriod, and the same relative
excretion is given for the urine. The balance is positive in the fore
and p)reselative periods, arni negative in the after lI'peio(1, the figures

bleillg 0.54 gram, 0.05 gram, and - 0.48 gram for the average (1ailv
balance in the three perio(s. Thi larke( continuous decrease in
the balance is the more important when the variations in the nit rogeni

ingested1 are considered
No. 9.

The balance sheet for No. 9 shows a decreasee in the <untity of
nit rogell excrete(l in the fees ini the })reservat1i"E peio( and a restora;-

tioI Of the quantity to even Imlore than the original amount in1 the

after period. There s1 anl increase iln the (quanlt ity of nitrogen exc'et(d

in1 thle uriine in tihe pres'erva ti "e period a)'n1( a sl ightlv greater increase
in the after )eriod. IIn both feces an( urine the average (IailV alimounts

eXcrete(I i lle fore 11(1 nl resv'atil"e peiO(Is are the s lllle, wh 1111 he

average allllullllt eXcre't'( tila 111 the ltler )erIlOd I1 great e.

E'.X)ressed( 111 percent ages t ie simillest excuet 1(11 of 11it rOgl in t le
fees is in the )reserva";t ive 1 riml)( I a11(1 thl(e l a rest inl tlie after period.

111 t1 1 1' ifl t11( 1 ei ) ( llt(r(itiges (X\( et(eo Il it1( 1.1 f( ' e a11( 1 Ill 1 lie ese'rvalY -

tive p)eriodis are almost identical, wlile t hat for the after )erimli is
inc'reaseld. Th(' blalalce in1 al ;111 es is 1)osit ive alil its Imaglitll(Ie is

1.55 grains, 2.03 grains, ntl 1.09 gralnts, reSI)ect ivel", for thlie ilree

I)eflo1(s. HIlese dlll iOf ill IllrI'ked toItraist to those for No. 8, bust
ii will h( Iotedl that the inclreased( )lan1ce is nteom nn)liie(I )V ai

111f ('ts (I 1Ilf('tloll of 0.418 (I11 I i ll 111 ilv l the )Iese valI' lV(' 1)('riO I,
('X il(' 1V" 11( Ill f I(' ' l l 11 1 0 t 1);1111('! .

.1*(,. in).

'Tlt 1able for No. 10 shows an11 inIIcrese ini I u of nts (If lit r(O)Lel

(bX(Fet ec Ill 1le feces ) 11 1i t lit 1)rfste l Iv oit ife 1 Iafe' J)(brlOd . Ili

(f1111i 1 it V of Illt fo!. i('l ('\( Fltt(I Ill I 1t IlflilO 1 I luost Ili 1 illi( for I 10('

fore aull( j)nfeerv"at iVe )(flods, lill( 15 I)1 sli git l greater in t lte alter
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period. The total elimination of nitrogen in the feces and urine is
slightly greater both in the preservative an(d after periods than in the
fore period, notwithstanding the fact that the quantity ingested in
the preservativ-e period decreases 1.13 grams daily. This is brought
out b h te percentage data, which show an increased excretion in the

preservativ-e period of 1.18 and 8.8 per cent in the feces and urine,
respectively. In the after period the nitrogen in the feces again
increased while that in the urine dIecreasel but still excee(led the
figure for the fore period. In both feces and urine the largest per-
centage excreted is in the preservative period and the smallest in the
fore period. The balance is positiv-e in all cases and is abnornally
high, being 3.59 grams in the fore period, 1 .87 grams in the preserv-a-
tive period, and 2.46 grams in the after period. The decrease in the
balance exceeds the decrease in nitrogen ingested by 0.59 grand laily.

N0. 11.

The data for No. 11 show an increase in the excretion of nitrogen in
tho faces and in the urine for bo0th the preservative and after periods
as compared with the fore period. There is, however, a continuous
increase in the nitrogen ingeste(d. The largest percentage of itrogen
excreted in tle feces is in the preserv-ative period, and the smallest in
the fore period, an(l the same is true of the percentage of nitrogen
excretel in the urine. The balances are posit ive in all cases antI unusu-
ally high, amounting to 2.59 grams in the fore period, 0.91 gram in
the preservativ"e period, and 2.(3 grams in the after period. In this
case the balance decreases despite the increase in the nit rogzen ilngeste(l.

In the ease of No. 12 the nitrogen excretedl in the feces in the three
periods is albiaiost idlent ic'al. There is a slight increase in t he (uallt it v
(XCr' e ted Il 1 lie iIllll Ill tlh1e pI'(se'r ltl "e j)pIlo Il and Ia Illarkeel dI '(ec grease
in t he after Iperiod. In feces andl urine t oget her t he largest (uant it v

of Illtrogel is ece'ted (tinglllg 1 1th )rerlv)atile peo(I>l (i thlie m1lallest

ill t le a ft ( pe'l I . 'I 1e' laIgest l(eI'elltage' mii r()geml exeret ('( III

the feces is in t le after period and t he smallest in t he preserv"at ie
)eriod. l1me IlI'gest )et'centlige of Illit rge1 occlllrrig i i Ile illilie is

ill tihe j)fresfrat ive peiod llid t lIe sillmlest iil t ie fore period. ('o1i-

s1(ler11lg 1)0 II feces till( llfiell, I1l l ie l 'ge1st j)pler( l it ge of Illit r ge1 is

excretehl i1 I lhe J)I''seIVitl IVe period tilld t sille smillest in le fore J)eriod.
Ti e I)l1illces ie 1psitv 1amid 21 l11 1It ifilli V 11i'h I11 ll cs21es, )(Il : .t( )

grills, 2.0) grsillls, Hld 2.86 grlllns (ji v f I time I hrmee I)erils, r'epc-

i"elv. T 1here is also a slight creasee 11 ti1e Illifutgell ingested in t he
)rCSCI'vative periodd and a very marked decrease in the after' >eriod.

1163
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SUMMARIES.

'The summaries give the data for Nos. 1 and 4 throughout the whole

period of observation an(1 for Nos. 1, 2, 4, 5, and 6, excludingr the
fourth preservativ-e subperiod. The men thus compared received the

1)reservative as benzoic acid. The sunmary for Nos. 7 to 12 allows
a comparison of the average effect of the preservative administered as
benzoate of soda, while the mass effect on Nos. 1 to 12 (omitting No. 3)
is shown in the imal summary covering the entire observation with the
exception of the fourth preservativ-e sub1perio(d.

The figures for Nos. I and 4 show a very slight increase in the quan-
tit- of metabolized and nonmetabolizeI nitrogen excrete(d in the pre-
servative period, which is less than the increase in nitrogen ingested.
The p ercentage (lata show a slight decrease in total elimination
amiountingr to 1.15 per cent in the p reservative period1. In the after

)eriod there is a slight increase in the percentage of nitrogen excreted
in the feces and a decrease in the metabolized nitrogen excreted and
in the total excretion, the nitrogen inl the food remaining practicall-
counstant as compared with1 the fore period. The balances are all
positiVe and show a slight increase throughout.

The data for Nos. 1, 2, 4, 5, and 6 show a slight increase in the
(uan1titv of Iitrogen excreted in the feces during the )reserv-ative
)erio(d, wlile the amount excreted inl the alter perio(1 is almost exactly

that of the fore period. lere is a notable increase of the nitrogen
excrete(1 in the urine in the preservative period, while ill the after

l)eriod( the quantity is slightly less than that of the fore period. In
I 10('cs al I r toglt Ome r le I .5)l) grsllll of IliO ell life (Xcrete( ill

t 1il( 1 1)('Io'(, 1 4.44 gra slll 1 I le )I'sYr atilve 1)ei10(, ail(I 1 .

gIalll 11 1 111( 1 after ) I'O(, a11 illeIrease Of 0.54 grill (I i l ll1 tle )re-

servat i ye J)eri 1(. I1l is c )llllect i(I 1, hOW e Te', it is to ) 1 10t(1 t 1ilt

tie 1fail iv Iarge aillolilt ol 111t re11 1(fr('Ste(1 ill'afset( ).38 iifll

(1il V, a talll (t( rePI'' lllo'i Il 1 a after rI 1 (I. '111 j)ercelltage (data

(XJ)essiiglr this rlatO iou shio 1 tlhlt 7.69 I (tiellt of 1 1 tI' ('ll Oil 00((I11

ill the f eces ill t 1 I01'e j)eriold, 8.()1 j)er ct 1 Illi I l e presefvalltive i)eIic)(,

all( 7.( I )(1'1 ( lt ill tle a1 ter I )P iO(l. 111 1 h l e i(' tle 0(0lt iVe ,e) "-

slight IVs grca('r i f t ht' l)il(s('r "at ive 10S io(Illllli ghtly less il t Ilie after

j)PI 0i(l 1 liil ill t le fore j)liO(1. rIlte l)alillc s lie l)OSltiY' ill all c1 lesC

al i ha e a illi1t111c1111( l ll.Ni tll , O.() i lll, oifll( U...I ( l111, ['e-

s ect i velV, for 1 I t hi0ee )erit(s , Illls shla i ll , s d11111s ill t Ile

l)all111e ill the 1)r('s('I'\Y1t ive J)eri(Jtl Ilot it list ail(l11i t 1e 110re Illse il l e

illlliii t Ilig(este(. h1i1 s illllllfiI shows a sligh1t illicftrase ill t h

(jilalit 111 Illiftvell (XCut( 1)ogeI lil 10111( h(l feces al(l t 1le r nlle 1in t le
Jfreser Ivat ie I)efio( (1.18. )>c11ii), )111 11his increase ill itself is harly-
of sui 'il I lil:1 illi11(c i lt t eillli t rlte hll I lie )1e1oIc. acid I)i'0(l 11ced

aII IIt)r ls (1l01c1t 00 11)1011 1itfogeu il 11et1 l)Olis1ll.
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The summary for Nos. 7 to 12, inclusive, who received benzoate of
soda, shows that the amount of nitrogen excreted in the feces is almost
the same for the fore and preservative periods, while it is slightly
increased in the after period. There is a tendency to increase the
excretion of nitrogen in the urine during the preservative period,
amounting to 0.70 gram daily, while in the after period the amount
excreted is almost the same as in the fore period. In the total excre-
tion there is an increase in the qjuantitv of nitrogen excreted during
the preservative period, amounting to 0.73 gram daily, while there is
a tendency shown in the after period to return to the original condi-
tions. In this case the average ingestion increased 0.31 gram daily
in the preservative period and decreased in the after period. Ihe
largest percentage of nitrogen excreted in the feces is in the after
period and the smallest inl the fore period. In the urine the largest

percentage of nitrogen excreted is in the preservativ-e period and the
smallest in the fore period, and the percentages of total elimination
also show an increase in the preservative period and a slight further
increase in the after period. The balances are positive in all cases
and their magnitudes are 2.11 grams, 1.69 grams, and 1.51 grains,
respectively. The decrease of 0.42 gram daily in the balance is the
more marked since the nitrogen ingested increased 0.31 gram daily.
These data indicate a slight tendency- on the part of the benlzoate of

soda to increase the excretion of the metabolized and nonmetabol-

ized nitrogen.
The mass action of both the benzoic acid and the benzoate of sodl,

is shown in the summInIarv for the eleveni men. This sunmnary indi-

cates a very slight increase iin the luantity of nitrogen in the feces in
tlie preser\ati\e ail after periods. Ilere is an average increase of

nitro gen in the uini'ie in tlie l"I'eserv ative peI'o( o)f 0.5 gramli (1aill\,
while in the after period the amount excreted is less than in the fore

period. Ill the f 0 ail( uinIe I1 3.2 gralls of nllitgell ire eXCrete

(dail\v in the fore period, 14.47 grailnis in the preserve at ivye )( period, and

13.75 graIns in t he after period, an increase of 0.65 gramu daily iii the

pres(erv-ativye periodtl. ThIle increase inl iiitrogen ingested was 0.35
gram (laily. The largest p(er(eti I age \(CI'et 1i1 of it r( iglei Inl the

feces is ii tilie after period !Intl t lie snuallest in ite fore period.
I1iE laiglbst I)eI'(' ltl i (l' Of Illt rogeil eX rete(d 11 Il 1 !i llre iV ill the pre'-
se'r\-ti-V period. Iol 1l)alaties 1 ire aill positivee uilll of erv nearly I l1e
salle ilal iltlil( ', bellg 1.52 lt.)llls, 1.22 gflls, n1111 1.26 grilll a ( ill\',

for the three p)(riotls. resp eti\elv , a til'eiae of prut1(t":111\llv(.:30 grlall

ill conilectioni W it 11 0 li tl 1t I l in(fref se( iigE'5illl o f 0.85 !tI~lli (dail\"

shlouldl he rioted. \'ihile thle !L\.(brz1;( 'hti tl oit sho\w uiiv gr'zit tlis-

11r1)1('e of til Illi goll Illi&'tillhd1l8111 t 1' 1 2er i a i llf fIll teI(le01\ to

(lPcreSe the Iltolgen haIlnc1e, wl hle la ilts illgestl H ere

2:i:0-;i-ImillI. }. let 1-S 09
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slightly increased. The percentages of netabolized and nonmeta-
bolized nitrgeI excreted in the preservative period are both increased,
especially the metabolized nitrogen, which increases about 2 per cent
in the preservative period for Nos. 1 to 12, excludingr No. 3.

A review of the individual sheets shows that in seven out of the
twelve cases an increase of total nitrogen excreted, in b)th feces and
urine, occurs in the preservative period while in five of these cases
there is an increase in the nitrogen ingested in the f1(d. The
increased elinination, however, exceeds the increase in ilgestion.

All
the

of the data, therefore, show

preservativ-es employed to
nitrogenous constituents

katabolic activities.

a slight
retard

of the food and

telldency oI the part of

the assimilation of the
to increase slightly the

'1'ABLE XII.- Vitroffert balances for Series VIII.

[Averages are per day.]

No. 1.

I ',: 3

Period.

Fore pr(riod.

First subpeuriod :
T01HaI..................
Average...............

Second stibperiod:
Total.................
Average..............

Entire fore period:
Total.................
Average.............

'rcscrvative pc riod.

first sIubpJeriod:
TPotal................
A verage................

Second subplerio1:
Total.................
A verage................

'T'hird siubipriod:
'T otal ...................
A verage.............

Fourth subpcrMII iod :n
T otal...................
Average .............

Entire preservative eri:
Total...............
Average.............

After period.

First su cperind:
'T'cItIl ...................
A verage...............

Second subpijeriod:i
Tota*l.................
A verag......... ......

Intre a fter period:
'Iota.Il...................
Average.............

In food.

Grams.
64. 70
12. 91

71. 60
14.32

136. 30
13.(3

71.33
1".27

(68. 33
13. (7

71. 62
14.32

18. 80
13.76

'280. I(
14.01

70. If)
1i. 08

l:{. 23
13. 23

13. 6(1)

I1
feces.

Gra is.
2.I66i
.3

4.1 1
.83

6.79
.68

*. 30
.86

2.81
4.3(1

.31

I. !N)

2.93

In
in1 a

urine. uii
(2.

Grans.
58. 2(6
11.65

13. 1!

124. 19
12. 42

fi. I 1
13. 2!

(61. 1$
12.21

(i3. 7
13. 17

6i1.30
12. 87

11. 37 237. 83
.73 12.89

1. 20
.8 1

.1. 2.8
.86

'it. 12
11. 1 

3. fil
11. 13

*1 : 41 i

I 37 I

frie e e ln Icnd
i faces urine and

Gram .v"
O. 92

12. 18

70. 0(6
14. (I1

130. 98
13. 10

70. 7 I
14. 13

6\3.0 9
12.0 SI

70. 38

617. 31
13. l1ti

272. 12
13. 62

62. 62
12.32

319. 92
11. 9.8

8. I 111.01 122.5
.85 11.-11 12.23

lial-.
mi ce

{lin-

ne'i,
d i

-- -- - - - - Ir 11111 -

(4=1). istered.

Pe r cl. 'r ct. Per ct. Grams. Gramins.
4. 11 90.05 94. 16 + 3.7$ 0.)

...... ... .. . . -.-. + .i6 .0

5.77 92.08 97.83 + 1. 1 .0
-...... -...... --.... - + .31 .0

".98 91.12 96.10 + 5.32 .0
. . . . . . . . . . !3.

(i. 1)3

1. 11

(i. 31

..... ).

93. 14

89. 31

91.97

93.5 3

:. 24) 92. (i

5. 97

6i. Hi

6.21

82. 98

83a. liX

99!. 17
9.1 2

89. i9

+ .5'J
+ .12

+ 4.36
+ .87

+- 1.24
+ .21

+ 1.19
+ .30

5. 00)
1.00

7. 3I
1.50

10. ()
2.00)

12.:,0)
2.:34

+ 7.(ix 35.(0)
+ .39 1.73

+- 7.78 .4)
+ 1.5ti .0

}- 6i.31 .01
i- 1.25 .4)

4-1". 09 .0
+ 1.11 .0

1166
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BENZOIC ACID AND BENZOATES.

TABLE XII.-itrogen balances for Series VIII-Continued.

[Averages are per day.]

1 3 4

In feces
In In and

feces. urine. urine
(2+3).

3 6 8 9
In Ben-

In In feces Bal- zoic
feces urine and ance acid
(2÷1). (3=1). urine (1-4). admin-

(4÷1). istered.

Fore period.

First subperiod:
Total..................
Average................

Second subperiod:
Total..................
Average...............

Gram.
93.17
18.63

Grams.
6.71
1.34

101.32 7.92
20.26 1.58

Grams.
73. 13
14.63

90.25
18.05

Gram>S.
79.84
15.97

98. 17
19.63

Per ct.
7.20

Per 't.
78.49

Per <t. Grams.
85.69 +13.33
....... + 2.t6

7.82 89.07 96.89 + 3.15
...... ....... .....-. + .113

........ 194 49 14.63 163.38 I 178.01 7.52 84.00 91.52
.-.......- 19.45 1.46 16.34 17.80 ....... ....... .......

+ 16. 48
+ 1.6(5

Preseriative period.

First suhperiod:
T otal....................
Average................

Second suhperiod:
Total..................
Average...............

Third suhperiod:
'Total. .................
Ave rage................

Fourth subperiod:
'Total................
Av e rage.................

Entire preservative period:
Total....................
A verage.............

Ajfcr period.

First suhperiod:
Total.................
.A verage...............

Second subperiod:
T otal....................
A verage................ .

Entire after period:
Total..... ............
A verage.............

99.76 8.54 88.32
19.95 1.71 17.6ti

97.14 9.30 86.12
19.43 1.86 17.22

L02. 26 9.(i 88.47
1.94 17.(9

8.78
1.7ti6

83. 12
1i. 62

36.30 34ti.03
1.82 17.30

?U. 4J

92. 09
18. 42

391.25
19. 56

92.9t1 8.81 82.23
18.59 1.71; 16.45

92. 41
18. 49

185. 42
18. 54

7.7(i6 82. 38

9ti.86 S.56 88.53 97.09 + 2.90
19.37 ....... ....... .... + .Gb

95.42 9.57 88.6tit 95.23 + 1.72
19.0 ....... ....... ..... + .33

98.15 9.47 8i.51 95.98 + 4.11
19.(i3 ....... ....... ....... + .82

91.90
1 %. 38

382. 33
19. 12

9.53 !11O 2li 99.79 + .19
+ .04

.0

.0

3.00
1.00

7.50
1.50

10.00
2.00

2.50
.50

9.28 88.44 97.72 + 8.!r' 25.00
+....... ...... + .44 1.25

I 
--

91.04 9.48 88.4ti 97.93 + 1.r 92
18.21 ....... ....... ....... + .3'?

90. 14 8.39 89. 10 97. 49 +- 2.32
1.55 16.48 18.03 ......

16.57 164.61 181.18 8.94
1.6t 16.46I 18.12......

.0

.0

.0

.0

.0

.0

. ... ... . ... .... .
.411

88.78 97.71 + 4.24
....... + .42

1167

Period.

Entire fore period:
Total.......
Average.....

Grams.
0.0

.0

.0

.0

1



INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XII.--itrogen balances for Series I I7I-(Continued.

[Averages are per day.]

Nco. 3.

2 3 4

In feces
In In and

feces. urine. urine
(2+3).

3 6

In In
eces urI-ne

e
('2-1). (3=1).

7 I

Inesfeces
and

urine
(4 -1).

8 9
Ben-

Bal- zoic
ance acid

(1-4). admin-
istered.

Fore period.

First subperiod:
Total.................
Average................

Second subperiod:
Total................
Average................

Entire fore period:
Total...... ..
Average............I

Preserrat ire period.

First subperiod:
Total.................
Average...............-

Second subperiod:
Total..................
Average.............

Third suhperiod:
Total..................
Average...............

Fourth subperiod:
Total..................
Average..............

Entire preservative peril:
Total..................
Average.............

After period.

First subperiod:
Total...................'
Average................"

Second subperiod:
Total................
Ave rag...............

Entire after period:
Total....... .......
Averag................

Grams.
81.36
16.27

85.02
17.00

166.38
16.64

85.95
17.19

87.15
17.43

62.78
12.56

84.79
16.96

320.67
16.03

88.10
17.62

85.53
17.11

173.63
17.36

Grams. Grams.
3.03 70.97
1.01 14.19

4.62 I 72.29
.92 14.46

9.65
.97

6.01
1.20

6.48
1.30

2.73
.55

6.00
1.20

21.22
1.06

3.46
.69

3.50
.70

6.96
.70

143.26
14.33

73.51
14.70

74.44
14.89

71.31
14.26

65.51
13.10

284.77
14.24

70.53
14.11

65.77
13.15

136.30
13.63

Grams. Per ct.
76.0 U 6.18
15.20

76.91
15.38

152.91
15.29

79.52
15.90

80.92
16.18

74.04
14.81

71.51
14.30

305.99
15.30

73.99)
14.80

69.27
13.85

143.26
14.33

5.43

5.80

6.99

Per ct. Per ct. Grams.
87.23 93.41 + 5.36
....... ....... + 1.07

85.03 90.46 - 8.11
.-.-... .....-- ,+ 1.62

86.10

85.53

91.90

92.52

+13.47
+ 1.35

4- 6.43
.. . ..... .. . . .+ 1.29

7.44 85.42 92.85 + 6.23
. . .. .. . .. .... + 1.253

4.35 113.59 117.94 - 11.26
.... .. .... . . ... . ) 2 .25

7.08 77.26 S4.34 +13.2S8
.+. . . . . . .4 2.66

6.62 8.80 95.42 + 14.6s
... .. .. .. . . .. .. + .73

3.93 80.06 83.98 +14.11
..... .. ..... " .+ 2.82

4.09 7ti.89 80.99 + 16.2ti
.....-- -...... --...-- + 3.26

4.01 78.50 82.51 +30.37
....... ....... 1--..... + . 3

1168

Period.

1

In food.

Grams.
0.0

.0

.0

.0

.0

.0

5.00
1.00

7.50
1.50

1.00
.20

.0

.0

13.50
.68

.0

.0

.0

.0

.0

.0

f



BENZOIC ACID AND BENZOATES.

TABLE XII.- itroyen balances for Serbfs T III-('ontinued.

[Averages are per day.]

NTo. 4.

1 ' i

InIn food. Ie
feces.

3 4 5

In feces
In and

urine. urine
(2+3).

In
feces

(2-1).
u

(3

1 '7 8 9
In

In feces Bal- Benzoic
rine and ance ad
+1). urine (1-4). admin-

(4=1). istered.

Fore period.

First subperiod:
Total.................
A verage....-...-.--....

Second subperiod:
Total..................
Average...............

Entire fore period:
Total.................
Average..............

Preservatire period.

First subperiod:
Total.................
Average...............

Second sulbperiod:
Total.................
Average..............

Third subperiod:
Total...................
A verage................-

Fourth suhperiod:
Total.................
Average...............

Entire preservative period:
Total............
Average.............

After period.

First suhperiod
Total...............
Average................

Second sui1)Jriod1.
Total................. .
Average.............

Entire after period:
Total..... ..........
Average............

Grams. Grams.
69.69 5.11
13.94 1.02

71.36 3.93
14.27 .79

141.05
14. 11

71.35
14.27

69. 27
13.85

73. 13
14. 63

i9. 93
13.99

28.3. t
14. 18

70.77
14. 1:5

6. 61
13 72

139. :*
13. 94

9.04
.90

Grams. Grams. Perct. Perct. Peret. Grams. Grams.
(0.55 615. 66 . 33 so. 94. 22 + 4. 03 0.0
12.11 13.13 ....... ....... ....... + .51 .0

70. 49
14. 10

131.04
13. 10

74.42 5.51 98.75
14.89 ....... .......

104.29 - 3.06
.---... - .t2

.0
.0

140.08 6.41 92.90 99.31 + .97 .0
14.01 . . .....- + .10 .0

4. 52 67. 96 72. 48 6. 33
.90 13.59 14.49 ......

4.21 63.11 67.32 6.08
. 4 12.62 13.46 .....

4.06 61.66 I

.81 12.33

,1.93
12.39

4.3 h
.93

17. 42
.57

I65.72 5. 55
13.14 .......

66.56
13. 31

6.62

254. G 272.0 8 6. 14
12.73 13.60 ......

9..23 101.58 - 1. 13
....... ....... - .223

91.11 97.18 + 1.95
......- -...... + .39

4.32 s9. s7

88.56 95.18

sNi. 77 95. SS

5.00
1.00

7.50
1.:0

+ 7.41 10.00
+ 1.49 2.00

+
+

3.37 12.50
.8 2.50

+11. 0 35 00

4.7.. 0..>. 7.3.20 6.71 99. 5 10 .26 - 4.43
.95 14.009 13.04 ...... ... . .... - .D

3.88
.78

59. 79
11.94

8. 63 130. 24
.86 13.0'2

63.67 .:.66 87.14 92.80 + 4.94
12.73........ ...... ...... + .99

138.87 G. 19 93.44 99. 63 + .51
13.89 ............. +...... .05

1. "j1.75

.0

.0

.0

.0

.0

.0

1169

Period.

...... + .58



INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XII.-Yitrogen balances for Series "III-Continued.

[Averages are per day.]

No. 3 .

1

Period. In
In food. Inesfeces.

Fore period.

First subperiod:
Total...................
Average..............

Second subperiod:
Total................
Average...............

2 3

In
urine.

Grams.
a 41. 8ti

8.37

Grams. Grams.
52.15 2.87
10.43 .5

55.47 4.78 4'.34
11.09 .96 8.47

4

In feces
and

urine
(2+3).

In
feces
(2+1).

Grams. Perct.
44.73 5.50
8.95 .......

47.12 8.62
9.42 .......

G 7
In

In feces
urine and
(3-1). urine

(4-1!.

Per et.
80.27

8 9
Ben-

Bal- zoic
ance acid

(1-4). admin-
istered.

Per et. Grams.
85.77 + 7.42
....... + 1.48

76.33 84.95 + 8.35
.-----. . . -.. + 1.6 7

Grams.
0.0

.0

.0

.0

Entire fore period:
Total.................. 107.62 7. 65 84. 20
Average................ 10.76 .7(6 8.42

Preservatire period.

First subperiod:
Total. ........-......
Average..............

Second snhperiod:
Total...............
Average.............

Third su)period:
Total.................
Average.............

Fourth sub~periodl:
Total...............---
Average..............

Entire preservative period:
'Total ...............
Average.............

After period.

First snihperiod:
Total...............
Average................

Second subperiod:
Total.................
Average.............

Entire after period:
Total...............
Average...........

55.07
11.01

55. 49
11. 10

58. 55
11.71

53.94
10.79

223.05
11. 15

56.20
11.24

56. 68
11.34

112.88
11.29

5. 39 44. 43
1.08 8.89

91.85 .11 78.24 85.35
9.19 ....... ....... ......-

49.82 9.70 80. 68 90.47
9.96 ....... ..-.... ..-....

4.39 a 49.62 54.01 7.91
.88 9.92 10.80 .......

4. 85 53. 63 58. 48 8.28
.97 10. 73 11.70 .......

5.95
1. 1S)

20. 58
1. 03

a 44. 11
8.82

191.79
9.59

6.104 a 45.52
1.21 9. 10

3.88
.78

9.92
.99

50.06
10.01

212.37
10. 62

11.03

+15.77
+ 1.58

+ 5.25
+ 1.05

89.4' 97.33 + 1.48
-.-..-- "".. .. + .301

91.(0 99.88

81.78 92.99

9. 23 85.99

51 56 10.75 81.00
10.31 ....... .. ....

+ .07
11. 7

+ 3 S3 3.
+ . 78 2.?

95.21 +10. 68
....+ 53

91.74 + 4.64
....... + .93

41.81 45.t1.9 (.85 73.76 80.il +10 99
8 3 i 9. 14 ....... ....... ....... + 2.20

87.33 97.25 8.79 77.37 Sti.15 +15 ('3

8.73 9.7:i ............ ...... + 1.511

a Daily average added to complete record.

11i0

.0

.0

5 06
1.00

7.50
1.50

1 .00
1 60d

00
66

23. 50
1. 18

.0
.0

.0
.0

.0

.0



BENZOIC ACID AND BENZOATES.

TABLE XII.-itrogen balances for Series IVIII-('ontinued.

[Averages areper day.]

1

Period.

Fore period.

First subperiod:
Total...............--..
Average..............

Second suhperiod:
Total.................
Average...............

Entire fore period:
Total.................
Average............"

Preservative period.

First subperiod:
Total...............
Average...............

Second subperiod:
'total................
Ave rage..... .........

Third suiperiod:
'Total..................
A verage...............

Fourth subperiod:
total.................
A verage..............

Entire preservative period:
Total ..................
Average...............

Afhtr period.

First suhperiod:
Total................
AvyeragE'................

Second suibperiod:
Total...................
Average..............

Entire after period:
Total.................
Avterage.............

2

InIn food. feces.

Grams. Grams.
74.49 9.94
14. 90

81. 46
16. 29

155. 95
15. 60

81.92
16. 38

78. 18
15. 64

78. 12
15.62

72. 36
14. 47

1.99

8.53
1.71

18.47
1.85

9.03
1.81

6.76
1.35

8.24
1.6

6.78
1.36

310. 58 30. l
15. 53 .. il

74.61 8.39
14.92 1.68

a77.16 a3.79
15.43 .7ti

151.77 12.18
15. 18 1.'22

3 4

In feces
In and

urine. urine
(2+3).

Grams. Gram':.
66. 55 76. 49
13.31 15.30

69.1 77.68
13.83 15. 14

135. 70
13.:57

64.24
12. &;

(6. 18
13.24

G6. 09
13.02

154. 17
15. 42

fe
(2

J5 6 7

In
In In feces B
ces urine and a
=1). (3=1). urine (1

(4 1).

Per (t.
13.34

8 9

Ben-
Bal- zoic
nce anid
-4). admin-

istered.

Peret. Per t. Gram.
S9.34 102.68 -2.00

....... ....... - .40

10.47 84.89 95.36 +3.7

11.84 87.02 98.86 +1.7S

73.27 11.02 78.42
14.1;5 ............

72.94 8.65 84.6
14.59 .............

89. 44

93.30

+ 8. 5
+1.73

+5.24
+1.05

73.33 10.55 83.32 93.87 +4.79
14.&il........ ....... ....... + .95

63.:i2 70.30 9.37
12.70 14.0(3 .......

29.03
12) 915

a

289. 84
14 .49

. . ... . 97.15 +2.0ti
.. . . + .41

9.92 83. 40 93.32 +20. 74
+ 4 4

Grams.
0.0

.0

.o

.0

.0

.0

i.00
1.00

7.50
1.50

10.00
2.00

.0

.0

22. 50
1.13

64.87 73.21 11.25 8 .95 98.19 + 1.35
12.97 1-4.6'l ....... ....... ..... + .27

60. 46 (64. 25 4. 91 78. 36 83. 27 + 12. 91
12.09 12.81J ...... ....... ....... + 2.58

.0

.0

.0

.0

.0

.0
125.33 137.51 8.03 82.58 90.60 +1-1.26

12.53 13.75........ ... ...... + 1.-13

I)atily average addled to c(omlplete record.

1171
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INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XII.-_litrogen balances for Series VIII-Continued.

[Averagos are per day.]

No. 7.

? 3 4

In feces
In In and

feces. urine. urine
(2-; 3).

5 6 7 8

In In
feces urine
(2+1). (3+1).

Fore period.

First subperiod:
Total...............
Average................-

Second subperiod:
Total..................
A vera-ge................

Grams. Grams. Grams. Grams.
69.40 fi.27 62.01 68.28
13.88 1.25 12.40 13.66

74.58 5.94 61.92 67.86
14.92 1.19 12.38 13.57

Per <t. Per ct. Per ct. Grams. Grams.
9.03 89.35 98.39 + 1.12 0.0

...... ...... ...... + .22 .0

7.96 83.02 90.99 + 6.72 .0
.............. ....... + 1.35 .0

Entire fore period:
Total................... 143.98 12.21 123.93 136.14
Average................ 14.40 1.22 12.39 13.61

Preserratile period.

First subperiod:
Total..................
A verage................

Second subperiod:
Total...............-
Average................

Third subperiod:
Total...............
A verage................

Fourth subperiod:
'Total................
Average. .............. .

Entire preservative period:
Total...................
Average ..............

After period.

73.30 5.47 61.95
14.66 1.09 12.39

71.04 6.86 55.96
14.21 1.37 11.19

75.24 4.89 54.17
15.05 .98 10.83

66. 17 5. 11
13.33 1.02

286.25 22.33
14.31 1. 12

67. 42
13. 48

68. 82
12.56

59.06
11.87

(10.72 (65.83
12. 14 13.17

8.48 86.07 94.55 + 7.84
....... ..... + .79

7.46 84.52 91.98 + 5.88
....-.. ....-.- ....-.. + 1.18

9.66 78.77 88.43 + 8.22
.... ... .-..... + 1.65

6.50 72.00 78.51 +16.1 i
..-.... ....... ....... + 3.24

7.(66 91.08 98.74 + .84
--.-.-. ....... -...... + .1ti

.0

.0

4.90
.98

7.50
1.50

10.00
2.00

ti.50
1.30

232.80 255.13 7.80 81.33 89.13 +31. 12 28.90
11.64 12.7(i ................... + 1.55S 1.45

_____=_

'first subperiod:
Total.................. 69.23 i. 21
AXvenrge. ............... 13.85 1. 24

Second siulplnriol:
Total................... 65.22 7.71
Average. ............... .13.04 1.54

Entire after period:
'Total................... 134.45
Average..................13. 45i 1

50. 94
10. 19

57.15 8.97 73.58 82.55 +12.s 
11.43 ....... ....... .... + 2.42

.0

.0

53.80 61.51 11.82 82.49 94.31 + 3.71 .0
10.7i 12.30 ....... ............. + .74 .0

104.74 118. 6i 10. 35 77.90 88.26 + 15. 79
10.47 11.87 ...................... + 1.58s

.0
.0

1172

1

Period.
In food.

In
feces
and

urine
(4A 1

Bal-
ance

(1-4 .

9

Sodium
benzo-
ate ad-
ninis-
tcred

(ca lcu-
lated

as btI-
zoic
acid).I

13.9 2
1.39

I ).'



BENZOIC ACID AND BENZOATES.

TABLE XII.-Nitrogen balances for Series VIII-Continued.

[Averages are per day.]

NTo. 8.

1 2 3

In
In food. In In a

feces. urine. ur
(2

4 5 6

feces In In
nd feces urine
ine (2+1). !3+1).

+3).(

7 8 9

Sodium
In ben-

feces Bal- zoate
and ance admin-
urine (1-4). istered

(4+1). (cbilcu-,late d as
henzo ic
acid).

Fore period.

First subperiod:
Total..... ............
Average...............

Second subperiod:
Total .................
Average. ..............

Entire fore period:
Total........ __
Average..... ..... .

Preservative period.

First subperiod:
Total.................
Average................

Second subperiod:
Total.................
Average............

Third sulbperiod:
Total.. .............
Average..............

Fourth subperiod:
Total...................
Average..... ..........

Entire preservative period:
Total...............
Average...............

After period.

First sub~period:
Total...............
A verage..............

Second subperiod:
Total.... .............
Average ...............

Entire after period:
T otal.. ................
A verage.............

Grams. Grams.
6i4.26 9.25
12.85 1.85

Grams. Grams.
55.38 64. ti3
11.08 12.93

Pert. Per(t. P(rct.
14.39 86. 18 100.5b

Grams. Grams.
-0.37 0.0
- .05 .0

68.94 3.53 59.68 63.21 5.12 86.56 91.69 +5.73 .0
13.79 .71 11.94 12.64 .................... +1.15 .0

133.20 12.78 115.t6 127.84 9.59 86.38 95.98 +5.3ti .0
13.32 1.28 11.51 12.78 ....... ....... ....... .54 .0

70.12 8.38 te2.47 70.85 11.95 s'..01 101.04
14.02 1.68 12.49 14.17 ..................

(6.97 7.35 a til.29 68.64 10.98 91.52 102. 4'1
13.39 1.47 12.26 13.73 ....... ....... ......

70.02 7.35 58.88 6t6.23 10.50 84.09 94.59
14.00 1.47 11.78 13.25 ....... ....... ......-

t8.t2 7.73 ti1.29 6i9.02 11.26 89.31 100.58
13.72 1.55 12.26 13.80 ....... ..............

275.73 30.l 243.93
13.79 1.34 12.20

li9.58 7.9t l12.19
13.92 1.59 12.44

1it6.li0 8.48 1)2.3!1
13.32 1.70 12.48

136. 18 16. 44 124.58
13.6i2 1.6t4 12.4ti

- .73 '
- .15

- 1. t7
- .34

+3. 79
+ .75

- .401
- .0,

274.74 11.17 88.47 99.i4 + .99
13.74 ..... _............ + .05

70.15 11.44 89.38 100.82 - .57
14.03 .. . .............. - .11

70. 57 12.73 93.68 1I. 41 -4.27
14.17 .................... - .

141.02 12.07 91.48 103.55 -4.%4
14.10 ....... - .43

4.90
.98

7.50
1.50

10.00
2.00

12. 50
2.50

34.90
1.75

.0

.0

.0

.0

.0

.0

Daily average added to complete record.

1173
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1 2

Period.

First subperiod:
Total...................
Average.................

Second subperiod:
Total...............
Average.............. ...

Entire fore period:
Total................
Average....... ....

Preservative period.

First subperiod:
Total...................
Average................

Second subperiod:
'total..................
A verage................ .

Third subperiod:
Total..............
Average.................

First, second, and third sub-
periods:

Total..............
Average............-

After period.

4

In feces
In food. In In and

feces. urine. urine
(2+3).

Grams.
77.48
15.50

Grams.
5.17
1.03

85.13 4.52
17.03 .90

162.61 9.69
16.26 .97

83.84 , 2.30
16.77 .16

82.29 480
16.16 .96

85.01 2.23
17.00 .15

251. 11
16. 74

First subperiod:
Total.................. 81.-13
Averag................. 16.89

Second subperiod:
Total................... 81.95
Average................. 16.39

Entire after period:
Total................... 16.38
Average................. 16.64

9.33
.62

4.64
.93

3 6

In
feces
(2-1).

In
urine
(3=1).

I _ _

Grams. Grams. Per Ft. Per ct.
a68.98 74.15 6.67 89.03

13.80 14.83 ---...- ......

68.16 72.98 5.31 80.42
13.69 14.60 ....... -----

137.44 147.13 5.96 81.52
13.74 14.71 ....... ..

a70.62 72.92 2.74 84.23
14.12 11.58 ....... ......

64.96 69.76 5.83 78.94
12.99 13.95....... ......

75.70 77.93 2.62 89.05
15.14 15.59 .............

211.28
14. 09

71.30
11.26

220.61
1 1.71

3.73 81.53

7 8 9
Sodium
benzo-

In ate ad-
feCes Bal- minis-
and ance tered
urine (1-4). (calcu-
!4=1). lated

as hen-
ZOic.
acid).

Per <t. Gram.. Grams.
95.70 + 3.33 0.0
--.-.-- + .67 .0

85.73 +12.1 .0
....... + 2.43 .0

90.48 +15.48 .0
...... + 1.55i .0

86.98 +10.92 4.90
---..-. + 2.19 .98

84.77 +12.3 7.50
-.--... + 2.51 : 1.50

91.67 + 7.08 ' 10.00
---..-- + 1.41 2.00

88.27 +30.53
..... +2.031

75.94 5.540 84.15 89.94 + 8.49
15.19 ....... ....... ...... + 1.70

22.10
b 1. 12

.0

.0

G.10 73.17 79.57 7.81 89.29 97.10 + 2.38 .0
1.28 11.63 15.91 ....- : ----.. ....... + .48 .0

11.01 lit.1 15.51 6.6 86.83 93.47 +10.87
1.10 11.15 1.5. ....... ....... I....... + 1.09

.0

.0

a )aily average added to complete record.
b Average for 2 dlays.

INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE 1XII.-' itrogen balane s for Series FIII-(ntinued.

[Averages are per day.]

No. .

Fore period.



BENZOIC ACID AND BENZOATES.

TABLE XII.-itrogen balances for Series I7II-Continued.

[Averages are per day.]

No. 10.

1 'L 3 4 5 ti 7 8 y

Period.
In food.

In feces
In In and

feces. urine. urine
(2+3).

In
feces

(2=1).

In
urine
(a=1).

Fore period.

First subperiod: G
Total.................
Average................

Second suhperiod:
Total...................
Average..............

Entire fore period:
Total................... I
Average................

Preserrati!e period.

First subperiod:
Total...................
Average..............

Second suhperiod:
Total...................
Average..............

Third subperiod:
Total.................
Average............

Fourth subhperiod:
Total...................
Average................

Entire preservative period:
Total..................
Average.............

After period.

First suhperiod:
Total..................
Average.............

Second suhperiod:
Total..................
Averag!...............

Grams.
6.28

Grams.
53.83

Grams.
ti0.11

14.98 1.26 10.77 12.02

82.23 3 3.3 57.82' 61.15
16. 44 .67 11. 51i 12. 23

9.61
.9tt

Per ct. Per ct.
8.38 71.85

4.05

In
feces Bal-
and ance

urine (1-4).
(4=1).

Per <t. Grams.
s0.23 +14.h1

... -. . 2.96

74.31 74.36

111.65 121.26 6.12 71.05 77.16
11. 17 12.13 ...-. ....... .......

3.26 G.57 ;0.M3 4.03 83.48
.(i5 13.51 14. 17 ....... ...

9.15 at t.7 5 1.90 11.71 80.33
1.s3 12.55\ 14.38 ........ .....

4.I 4 :i4.1': 159.30 G.67 75.11
.97 10..: ll.Sti .-..- ..- .....

60.25 4.0) 4R25 52.31
12. 0i . K1 9. 1i 10. 41i

291. 85
14. 59

f0..86
1t. 17

fi.74 0

21.31 23303 254.34 7.:0 79.85
1.07 11.15 12.72 ...........

(.27 58.99 65.26 .75 72.9:
1.25 11.80 13.05 ..............

69. 4: t. 10 54. 31 (0.41
13.89 1. 22 10. 84 12. 08

8.78 7R20

Sodium
ben-

zoate
admin-
istered
(calcu-
lated

as hen-
zoic

aciaJ).

Grams.
0.0
.0

+21.o .0
+ 4.21 .0

+35. 9
+ a 59

87.51 +10.11
....... + 2.02

92.04 + t6.22
....... + 1.24

i1. 7s +1121
..... +2.i4

0.04 56i.75 + 7.97
......---- + 1.t1)

87.15 +37.ill
........ + 1. 7

80.71 +15. 00

86.98 + 9.04
........ + 1.M

.0

.u

4. 90
.95

7. o
1.5l0

h. (M)
1. t4)

.0

.0

0. 40
1.02

.0

.0

.0

.0

Entire after period:
Total...............
Average.............

151. 31 12. 37 111 :30 125. (7 8 23 7538 83.1 tl +'4. t1
1:.03 1.24 11.33 12.57 ..... ... + '.4th

a Daily average added to complete record.

*
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INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XII.-X itrogen balances for Series TIII-Continued.

[Averages are per day.]

No. 11.

1 3 4 6 7 8 9

Period.
In food.

Fore period.

First suhperiod:
Total.................
Average.............

Second subperiod:
Total.................
Average..............

Entire fore period:
Total...... ........ .
Average......... ..

Preserrat ire period.

Grams.
83.00
16. 60

93. 14
18.63

176. 14
17. 61

First subperiod:
Total.................. 93.74
Average.............. 18.75

Second suhperiod:
Total.................. 86.28
Average................ 17.26

Third suhperiod:
Total................... 94.65
Average................ 18.93

Fourth suhperiod:
Total................ ... 82.02
Average................ 16.40

Entire preservative period:
total-................ 356. 69
Average....... ....... .. 17.83

After period.

First suhperiod:
Iotal..................
AXveruge..............

Second suhperiod:
total ...................
Average.............

Entire after period:
Total...............
Average........

92. 60
18.52

88.58
17.72

181. 18
18. 12

In
feces.

Grams.
4.70

.94

5.22
1.04

9.92
.99

7.94
1.59

Sodium
ben-

In feces In zoate
In and In In feces Bal- admin-

urine, urine feces urine and anec istered

(2+3). (2+1). (3+1 . urine (1-4). (calcu-
(4=11.' lated as

benzoic
acid).

Grams. Grams. Per <t. Per <t. Per <t. Grams. Grams.
71.23 75.93 :i.6i 85.82 91.48 + 7.07 0 0
14.25: 15.19 ....... ....... ..... + 1.41 .0

69.08 74.30 5.60 74.16 79.76 +18.84 .0
13.82 14.86 ....... ............. + 3.77 .0

I I

140.31
14.03

81.41
16.28

7.59 67. 67
1.52 13.53

4.77 84.01
.95 16.80

6. 37 7.782
1.27 15.74

150.23 5.63 79.66 85.29 +25.91 .0
15.02 ........ ...... + 2.59 .0

89.35 8.47 86.85 95.32 + 4.39 4.90
17.87 .....-. ...... ....... + .88 .98

75.26 8.80 78.43 87.23 +11.02 7.50
15.05 ..................... + 2.21 1.50

88.78 5.(4 88.71, 93.80 + 5.87
17 7G + 1 17

85.09
17.02

10.00

7.77 95.98 103.74 - 3.07 2.50
............ ....... - .62 .50

26.67 311.81 338.48 7.48 87.42 94.89 +18.21
1.33 15.59 16.92 ................... + .91

7.U7 72.07 9.14 7.63
1.41 14.41 15.83 .......

6.35 75.40 81.75 7.17
1.27 15.08 16.35 ......

13.42
1.34

77.83 92.4

85i.12 92.29

+13.4t)
+ 2.69 6

+ 6.83
+ 1.37

147.47 160.89 7.41 81.39 I 88.80 +20.29
14.75 i16.09 ....... + 2.03

24.90
1.25

.0

.0

.0

.0

.0

.0

*
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. ..



BE ZOIC ACID ANID BENZO RATES.

TABLE XII.-NKitrogen balances for Series jIII-(--ntinued.

[Averages are per day.]

No. 12.

3

In.In a
urine. ur

(2

4 3 6 7 8 9

Sodium
benzo-

feces In ate ad-
nd In In faces Bal- minis-
ine feces urine and ance tered

+3). (2--1). (3-:-l>. urine (1-4) (calcu-
(4-=1). lated as

benzoic
acid).

Fore period.

First subperiod:
Total.................
Average................

Second subperiod:
Total..... ......... .
Average...............

Entire fore period:
Total.................
Average............-

Preservative period.

First subperiod:
Total.................. .
Average.............

Second su))eriod:
Total...............
Average...............-

Third subperiod:
Total...............
Average...............

Fourth subperiod:
Total.................
Average.............-".

Entire preservative period:
Total........ ......
Average......... ....

After period.

First subperiod:
Total...................
Average........ .......

Second subperi)d:
Total................
A verage................

Entire after period:
Total...................
Average................

Grams. Grams.
86.27 6.71
17.25 1.34

Grams.
62.96
12.59

Grams.
69.67
13.93

92.80 5.11 68.27 73.38
18.56 1.02 13.65 14.68

179.07 11.82 131.23
17.91 1.18 13.12

93.32 5.38 75.79
18 66 1.08 15.16

89.46
17.89

89.64
17.93

Per ct. Per ct. Pf r ct. Grams.
7.78 72.9M s1.76 +16.60

-...... ....... ....... + 3.32

5.51 73..;7 79.07 19."2
...--.. ...--.. -...... + 3.ti

143.05 6.60 73.28 79.88 +36.02
14.31 ....... . ....... + + 3.60

81 17 5.77 .81.22 86.98 +12.15
16.23 ....... ....... ...... + 2.43

4.52 71.38 75.90 5.05 79.79 84.84 +13.56
.90 14.28 15.18 ....... ....... ...... + 2.71

4.93 71.59 76.52 5.50 79.86 85.36 +13.12
.99 14.32 15.30 ....... ....... ...... + 2.63

71.21 7.46 61.37 68.83 10.48 86.18 96.66 +- 2.:iS
14.24 1.49 12.27 13.77 .............. ....... + .47

343.63 22.29 280.13 302.42 6.49 81.52 88.01 +41.21
17.18 1.11 14.00 15.12 ................... , + 2.06

80.75 5.94 62.92 68.86 7.36 77.92 R5.28 +11.S "
16.15 1.19 12.58 13.77 ............ .... + 2.3

76.25 5.94 58..59 64.53 7.79 76.84 84.113 +11.72
15.25 1.19 11.72 12.91 ................... + 2.34

157.00 11.88 121.51 133.39 7.57 77.39 84.96 +23.61
15.70 1.19 12.15 13.34 .............. ...... + 2.36

Grams.
0.0
.0

.0

.0

.0

.0

4.90
.98

.. 50
1.50

10.00
2.00

.0

.0

22. 40
1.12

.U

.0

.0

.0

.0

.0

1177

1

In food.Period.

2

In
feces.
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Period.

1 2 3

In InIn ford. fe In
feces. urine.

4

In fees
and
urine
(2+3).

Fore period.

First subperiod:
Total.................
Average...............

Second suhperiod:
Total.................
Average...............

Entire fore period:

Grams. Grams.
134. 3y

13. .1
. i
.78

142.96 8.06
14.30 .81

Total...................277.35
Average................ 13.87

First suhperiod:
Total.................. 142.68
Average................ 14.27

Second suhperiod:
Total................... 137.f62
Average.................13. 76

Third subperiod:
Total................... 144.75
Average................ 14.48

Fourth suhlwriod:
Total.................. 138.73
Average................ 13.87

Entire p)reserv"ativ e period:
Total .................
Average............

AJir period.

First subperiod:
Total..............
A verage.............

Second suhperiod:
Total.................
Average..............

Entire after period:
Total................
Av~eragr......... ..

563.78
14. 10

141.17
14. 12

15. 83
.79

8.82
.88

7.02
.70

8.57
.86

Grams.
118. 81
11.88

136.42
13. 64

255.23
12.76

134. 40
13. 44

124. 29
12. 43

127.53
12.75

7.58 126.29
. 7G 12.i:3

31.99 512.51
.80 12.81

8.95
.90

134.84 8.16
13. 18 .82

276.01
1:3. (

17.11
.86

128.87
12.89

115. 43
11.54

Grains.
126.58

1'2 60

5

In
feces

(2--1).

Per et.
5.78

6 7

In
In feces

urine and
(3=1). urine

(4-1).

Per t. Per t.
88.41 94.19

8 9

Ben-
Bal- zoic
ance acid

(1-41. admiin-
istered.

Grams. Grams.
+ 7.81 0.0
+L 78 0

144.48 5.64 95.43 101.06 - 1.52 .0
14.45 ....... ....... ....... - .15 .0

271.06 5. l 92.02 97.73 ,+ 6.29 .0
13.55 .......... ......... + .32 .0

143.22 6.18 94.20 100.38 - .54 10.00
1.432 ....... ....... .......- .05 1.00

131.31 5.10 90.31 95.41 +i 6.31 15.00
13.13 ....... ............. + .h3 1.50

136.1) 5.92 88.10 94.02 + 8.ft5 20.00
1.6 . . . .. . .. . . .+ .87 2.00

133.87 5.46 91.03 96.50 + 4.86 25.00
13.39......... ....... ...... + .48 2.54)

544.50 5. 67 90.91 96.58 +19.28 70.00
13.61 ........ ....... + .49 1.75

137.82 6.34 91.29 97.63 + 3.35 .0
13.78 ....... .............. + .34 .0

123.59
12.36

244.30 261.41
12.22 13.07

6.05 85.61 91.66

6.20 88.51 94.71

+11.25 .0
+ 1.12 .0

+ 14. t')
+ .73

.0

.0

INFLt'ENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XII.- Nitrogen balances for Series 1JIII-Continued.

SUMMARIES.

[Averages are per man per day.]

Nos. 1 and -4.

Preserratire period.

i



BENZOIC ACID AN D BENTZOATES.

TABLE XII.-N itroUgc balances for Series I1TII-Continued.

SUMMARI ES-Continued.

[Averages are per man per day.]

1 2

Period.

Fore period.

First subpcriod:
Total...................
Ave rag~e..............

Second sub~period:
Total.... _..........
Average................

I InIn food. feces.

Grams. Grams.
354.20 27. 29

14.17 1.09

3 4

In fees
In and

urine. urine
(2+3).

s ! 8

In
feces

(2=1).

In
In feces

urine and
(3=1). urine

(4- 1).

Grams. Grams. Per et. Per ct. Per ct.
300.33 327.64 7.70

12. 01 13. 10 ......

381. 21 29. 29 338. 16 3t7. 45 7.68
15.25 1.17 13.53 14.70 ......

Entire fore period:
1Total.................. 735.41 56.58 638. 51
Average................ 14.71 1.13 12.77

1resercaite period.

First suhperiod:
Total...................
Average.................

Second sulbpwriod:
Total...................
Ave rag...............

Third subp)eriod:
Total...................'
Average................

First, second, and third
sulbperiods:

Total...................
Average.................

After period.

First subpexriod:
Total...................'
Average..............

Second subperiod:
Total................
Average.... ............

379.43 31.78 331.39
15.18 1.27 13.26

3b8. 43
14.74

383.68
15.35

1,131.54
15.09

364.94
14.60

361. 14
14. 44

Entire after period:
Total................... 726.08
Average................ 14.52

27. 47
1.10

31.34
1.25

90.59
1.21

32.19
1.29

23.59
.94

55.78
1. 12

326. 21
13.05

334.72
13.39

992.32
13.23

321. 49
12. 86

300.08
12. 00

695. 09 7. t9
13.90 -----

363. 17
14.53

353.68
14. 15

366.06
14. 64

1,082.91
14.44

8.36

7.46

84.80

88.71

86.82

87.34

88.54

8.17 87.24

8.01 87.70

353.68 8.82 88.09
14.15 .............

323. 67
12.94

92.50

96.39

94. 52

95.71

96.00

95.41

95.70

96.91

6.53 83.09 89.62

621.57 677.35 7.68 85.61 93.29
12.43 13.55 .............. I.......

Ual-
ance

(1-4..

Grams.
26. 56
1.07

13. 76
. 55

9

Ben-
zoic

acid ad-
mIinis-
tered.

Grams.
0.0

.0

.0

.0

40.32 .0
.bl .0

16.26 25.00
.65 1.00

14.75 37.50
.59 1.50

17. 62
.71

48.63
.65

11.26
.45

48. 00
1.92

110. 50
1.47

.0

.0

37.47 .0
1.50 .0

48. 73
.97

.0

.0

1179
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1 2 3

Period.
In

In food. feces.

Fore period.

First subperiod: Grams.
Total.................. 455.33
Average................ 15.18

Second subperiod:
Total.................. 496.82
Average................ 16.56

Entire fore period:
Total.................. 952.15
Average................ 15.87

Presercatice period.

First subperiod:
T otal........ .... .
Average... . . .. . . .

Second subperiod:
T otal............. ......
Average ................

'hird suhperiod:
Total................
Average...............

First, second, and third
subperiods:

Total..................
Average................

After period.

First subperiod:
'Total................
Average.............

Second sibperiod:
Total........... ......
Average...............

Entire after period:
Total..............
Average.............

495.26
16. 51

474. 16
15.80

487.07
16.24

1, 456.49
16.18

477.45
15.8.5

Grams.
38.38

1.28

27. 65
.92

4-

In feces
In and'

urine.

Grams.
374.39

12. 48

385.23
12.84

66. 03 759.62
1.10 12.66

32.73
1.09

40.27
1.34

29.01
.97

419.81
13.99

384.01
12.80

398.81
13.29

102.01 1,202.63
1.13 13.36

38.09 378.41
1.27 12.61

448.0:; 40.98 377. 66
14.94 1.37 12.59

925. 50 79. 07 75d. 07
15.43 1.32 12.t0

urine
2+3).

Grams.
412.77
13.76

3 6 7 8 9

Sodium
hen-

In zoate
In In feces Bal-' adnin-

feces urine and ance istered
(2 1). (3=1). urine (1 4) (calcu-

S(4=1).! late
Sas benl-

zoic
acid).

Perct. Perci. Perct. Grams. Grams.
8.43 82.23 90.65 i 42.56 0.0

... .. .. .. . ... .. 1.42 .0

412.88 5.57
13.76 .......

825.65 6.93
13.76 ......

452.54 6.61
15.08 .......

424.28 8.49
14.14 .......

427.82 5.96
14.26 ......

1,304.64 7.00
14.49 .... ..

41ti.5) 7.98
13.88 .......

418. 64
13. !Ni

835. I4
13. 9''

9.15

8. 54

77.54

79. 78

83.11

86. 71

84.77 91.37

80.99 89.48

81.88 87.84

83.94 .0
2.80 .0

126. 50
2.11

42.72
1.43

49.88
1.66

39.25
1.98

.0

.0

29.40
.98

45.00
1.50

58.00
1.93

82.57 89.57 151.85 132.40
....... ....... 1.69 1.47

79.2( 87.23 ('0.95 .0
... .. ....... 1.97 .0

84.29 93. 44

81. (69 90.24

29. 41
. S

90. 36
1.31

.0

.0

.0

.0

INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XII.-_litrogen balances for Series VIII-Continued.

SUiMARIES-Continued.

[Averiges are per Iman per day.]

Nos. 7 to 12.
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TABLE XII.-Nitrogen balances for Series VIII-Continued.

S UMMARIES-Continued.

[Averages are per man per day.J

Nos. 1 to 12, onitting No. 3.

1

In
food.

2 3

In
feces.

In
urine.

4 3 6 7

In feces
and

urine
(2+3).

In In
feces urine

(2+(1). (--1).

In
feces
and

urine
(4=1).

1181

8 9

Bal-
a nce

(1-4).

Pre-
ser va-
tiv-e

calmc -
lated

as
ben-
zoic
acid.

Fore period.

First subperiod:
Total...............
Average.............

Second subperiod:
Total...................
Average..............

Entire fore period:
Total... .....-...
Average.............

Preservative period.

First subperiod:
Total...................
Average..............

Second subperiod:
Total.................
Average....... ........

Third sulperiod:
Total...................
Average................

Grams.
809.53
14.72

878.03
15.96

1, 687.56
15.34

874.69
15.90

842.59
15.32

870. 75
15.83

Grams. Grams. Grams. Per ct. Per ct. Per ct.
65.67 674.74 740.41 8.11 83.35 91.46
1.19 12.27 13.46 ....... ..............-

56.94 723.39 780.33 6.48 82.39 88.87
1.04 13.15 14.19 .............. .......

122.61 1, 398. 13 1, 520.74 7.26 82.85 90. 11
1.11 12.71 13.82 ....................

64.51 751.20 815.71 7.38 85.88 93.26
1.17 13.66 14.83 I...... ....... '.......

67.74 710.22 777.96 8.04 84.29 92.33
1.23 12.91 14.14 ....................

60.35 733. 53 793.88 6.93 84.24 91.17
1.10 13.33 14.43 .....................

First, second, and third
subperiods:
Total..................2,588.03 192.160 2,194.95 2,387.55
Average............... 15.69 1.17 13.30 14.47

After period.

First subperiod:
Total................. .842.39 70.28 699.90 770.18
Average.............I 15.32 1.28 12.73 14.01

Second subperiod:
Total............. ..... V0'.19 64.57 77.74 r 742.31
Average................ 14.71 1.17 12.32 13.49

Entire after period:
Total................ 1,651.58 134.85 1,377.ti4 1,512.49
Average................ 15.01 1.23 12.52 13.75

7.44

Grams. Grams
69.12 0.0
1.2ti .0

97.70 .0
1.77 .0

166. 82 .0
1.52 .0

58.98
1.07

64.63
1.18

7ti.87
1.40

84.81 92.25 200.45
..... . .. .... 1.22

8.34 83.09 91.43

7.98 83. 7t 91. 73

8.16 83.41 91.58
............... .......

54. 40
.99

82. 50
1.50

106.00
1.93

242.90
1.47

72.21 .0
1.31 .0

(66 .88 .0
1.22 .0

139.09 .0
1.26 .0

PHOSPHORIC ACID BALANCE.

INI )IV'IIRl'AL D AT.

.1V0 . 1.

NO. I I tll ful Of I)er1iutl slio vs l01WS l l)IlotiIll ZlCtifitV ill tl10
excretion of pluspltric nid(I iImaSullll(hl as the haII1llce is net ative.
"11w 110i1111 (')ll(Iiltl 011ris reStored ill t i )rtfseI"ati "t peiotl W lti00
tl1e (jIlltllitV of I)IIO1hlOnit e itl (X(l.ted ill 1 li'lIle i less tl 12111
in the fore p)erliml. III tlie after p erioul t here is a still fulrtle(r tdillni-
Iultioi of tlhe l)pIIho horiC 1cial (excretel ill the url'lIl': an(1 thet' baUhllict_

2.33it 1 1 I i NI, ptL 1--08+---10U

Period.
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No. 2.

In the case of No. 2, the quantity of phosphoric acid excreted in
the feces during the preservative period is notably greater, not-
withstanding a slight decrease in the amllount ingested, with the
result that the percentage excretion increases 9.29 per cent. It is
somewhat diminished in the after period, as is also the aimiount
ingested, but does not fall to the quantity of the fore period, being
still 6.66 per cent greater than in that period . Ihe quantity of
phosphoric acid excreted in the urine remains practically constant
throughout the three periods, increasing about 1 per cent in the

preservative period. The balances are positive in all cases and
amount to 0.711, 0.173, and 0.333 gramt daily for the three periods,
respectively, the decrease of 0.538 being due almllost entirely to the
increased excretion of nonmetabolized phosphoric acid.

No. 3.

In the case of No. 3, the quantity of phosphoric acid excreted in
the feces is very notably increased in the preservative period, while
in the after period it falls below that of the fore period, amounting
to a loss of 5.70 per cent. The quantity excrete(d in the urine in-

creases but little in actual amount (0.171 grand daily), the amount
ingested decreases slightly, and the percentage increase of leta)o-

lized phosphoric acid excreted is 6.34. The balance is positive an(!
its Inagnitude is 0.839 gram, 0.112 gramn, and 1.160 grains daily
for the three periods, the decrease again being largely dcue to the
amount of nonmetabolized phosphoric acid excreted.

In the case of No. 4, there is a decrease in the quantity of phos-

phoric acid excreted in the feces in the preservative period, while in
the after period the anmoumnt rises ti( a soilewht larger figure than

in the fore period. lere is a decrease also in the qulantitv of phos-

phoric acid excreted in the uinne in the preservat ive peri(o(d and a

furlithe ir decrease iIi h afte' p'eri odl. As in1 the pj kiviouts cases, th ere

is a slight decrease inl the phosphoric acid ingestd('01 tlroullghout.
lie bIalanices aret p)Ositive in all ('as('s an(d tlhi('r1 ImiagnmituI(dIes are 0.258,

0.310, aid 0."128 g'Irani daiily for the three pJeriods, respect ively. Tlhis

15 (( )I rary} tI 111I (' I \1( ) pri'(\ us~l ('i( ti, 111W~l \\11( Iil a in arkc I l(e'1 ('
in I)iilice occll rredh. .

There iS an increase in the ("ase of(' No. :5 of 0.173 grin daily il Ihe

(peri11itod and tiospioic acid eXret ( i the feces in the a)reseratid.
p('I'io(I, 111(1 thi1s 11(increase re(litills al)oll t Ili siline il 11 lie if I ('I' p('r(ld.
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The quantities of phosphoric acid excreted in the urine are remark-
ably constant for the three periods. In this case the plhosphoric
acid ingested increased slightly throughout. The percentage of
phosphoric acid excreted in the feces and urine increases almost 4
per cent in the preservative period, returning to practically the
figure of the fore period in the after period. The balances are posi-
tive in all cases and their magnitudes are 0.574 gram, 0.472 graini,
and 0.632 gram daily for the three periods, respectively. Again
the decrease in balance is due to the increase in excretion of non-
metabolized phosphoric acid (5.35 per cent), there being in this case
no appreciable change in the phosphoric acid eliminated in tle

urine.
No. 6.

The data for No. 6 show a decrease in the quantity of phosphoric
acid excreted in the feces during the 1)reservative period anid a still
further decrease in the after period. Ihle <lantitv excreted inl the
urine during the three periods remains renmarkab)lV constant , which
is also true of the amounts ingested. The balances are positive in all
cases and their values are 0.341 gram, 0.483 grain, and 0.51 grant
daily for the three periods. Again there is a slight increase in the
balance, as in the case of No. 4.

No. 7.

In the case of No. 7 there is again a decrease in the qjuaititv of

ph()sh)l14ric acid ('Nereted in thle feces in the preI'ervativt' per i)d, while
in1 the after p1eri(1 tlie amount is larger t han in tle fore period. A

notal)le d(ecrease is found inl the anmotunt of phosphoric acid in the
utIne, 1)f t Ill1 1 tile J)reserat\i"t anl d after )lds. TheIs 1a li tl1

cot00111110115 (lec east' ill t1le ailllli o tf p10 100i' acid illg('ste(l illd

tile pe1'('Iltaig( de(ecrease iII total ('lilliliat111 ainotlits to 11.12 pt'"
Cetll, t ll actual (olecease1 )elllg ().442 rfall diltl, W 11 tile (lecrea1('

I11 tle 21 llutllt 111i 10t('(I was ol \ .1:)4 gr1i11. T le 111aa 1ce are pos1-

tive and their fillies are ().()>2 g<ralln. (0.;i:><) r i . mld 11.1:i9 mrail

dilv fo t lie t hIree 1e'iods , respecti'vel1 , si l\Will! i 11i1 rke( 111002i1ces Ill

tile ba2lanc ill tit presvat\'ive period , Iot wI11itl 1 i 1tii ti 1l hzit

decrease iin the aIiount ingested.

111 tilt' t'1 i5' of No. S till 111'it0e1s is slllt\' ll ill t 11it' lli 1titv of phtos-

plhtric ncil 'excreted in tlie feces both sii hle lt' preserv-ative annel after
p('rimlIs. Here is also a slight increase ill the (aulltit )of piho phori
tail (' XcI'ted Ill ilt' 1llil ' (Ilfrillig I l1e prser ailtive perilod, f" l ot 4htj l)V

L sliit lec('easei' Il1 le aftt'm' perld. I'l' ai0 H iltlls lllio''std eta01111

practicnally co intaist till'(ghrotlit . Thhl' p)ercelt age <ata show a1
Illcr'ase of :.1I p9 e'r cli ll 111 1101111itI 1 4)1 ii.e 1)114 1 i4 ' r 11c01i tillt of



INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

2.10t per cent of phosphoric acid in the urine in the preservative
period, and the magnitudes of the balances are 0.350 gram, 0.121 gram,
and 0.167 gram daily for the three periods. This decrease of 0.229
grain per day in the preserv-ative period, as iII the previous cases, is
due to the increased excretion of nonmetabolized phosphoric acid.

In the case of No. 9 there is a notable decrease (0.393 gram daily)
in the excretion of phosphoric acid in the feces (hiring the preserva-
tive period. There is, however, an almost e(ual increase in the
amount excreted in the after period as compared with the fore period.
The quantity of phosphoric acid excreted in the urine decreases
slightly both in the preservative and after periods. The percentage
decrease in total elimination is 12.04, apparently an abnormal figure,
especially as in the after period there is an increase of 3.49 per cent

as compared with the fore period. The balances are all positive e, and
by reason of the ahnorinal condition just mentioned the figure for the
preserv-ative period is very hih, showingii anl increase of 0.473. The
1)alances for the three periods respectively are 0.354 graim, 0.827

grain, and 0.205 grall daily.

No. 10.

No. 10 shows a slight increase ini the excretion of phosphoric acid
in the feces in the preservative period and a mllarked increase in the
after period. The (llaltity of phosphoric' acid excretedI in the urine
(loes not vary greatly in the three perio(1s, b ut decreases very slightly
t throughout. The amount of phosphoric acid ingested decreases in
the Ipreservative period 0.230 granl daily with the result that the

percentagP excretion Ihath in the feces and urine increases slighltly,
the total increase amunlimi lg to 2.45 p,)ei cent. The )alanlces are all
high ani 1 pos)it ive aId l t heir values are 0.932 gralln, 0.78 gralt, and
0.397 grand daily for the t lree periods respectively.

The (dta for No. 11 ShOW a not alde inicrhlase in' ti <ultlit ity of
)hosl)hriOIe acid excrete('( in1 tlie feces in thle l)rese'vat iv 1l'riotI ndl

t his increase is iintait aled ii t hue after period. Th1' ( unnit itv of

1)10io )hol'1(' 10d I ('\'1(t e(I il I 1l1e 1 'r lil l s oWS IfIllt ca 11 0l 1 vai tinlull

ill 1111 fo an f)r1s1Yr1t I lYe eI (IPs ai illl 1s s llt I le' 1 1 I I Olft'1'

)e i. The 1 ililiits of lO)hos)Ifric 1 4 I lidtlg ('(Icd 1f1 j)rllct illlly

(olst alit, d(c 1rea l1ig ulv 0.0.)$ gaill 1 110 I)Iesl'If'it lv( I)p 0(. '11'

I)f('('l1 lgel figures shuo ' W ill Illf('1ils(' of 8.97 , c1lt i ll 11011111('tl )o iZicl

plhoslhoi( i a nd I Ulll Of oly 2.73 eI' cIt ill Ihe phoS)phicI'iC aci(l ill
1 li llP'ii1(. Tr e 1 ,1)l11i e s al e 1 )oslI iV ll' 111 1igh , allll liilllg to 1 .104

graIllls, 0..18 gi'21111, a111 I).!; grflll dfor f li t 1Iree period s, the

118-1



BENZOIC ACID AND BENZOATES.

decrease in the balance inl the preservative period being again
accounted for by the increase in the excretion of the phosphoric acid
in the feces.

No. 12.

In the case of No. 12, there is a decrease in the quantity of phos-
phoric acid excreted in the feces in the preservative perio(l and this
decrease is still conItilued in the after period. The quantities of

phosphoric acid excreted in the urine are almost the same for the fore
and preservative p erio(ds an(1 slightly less in the after )erio(. The

phosphoric acid ingeste(l also decreased slightly throughout the
observation ai the percentage data show a decrease of 2.91 per cent
of nolnietabolized phosphoric acid in the preservative period and an
increase of 4.2 per cent of Inetabolized phosphoric acid.

SUMIMAlIlES.

The sununiary for Nos. 1 and 4 is of interest only because these
members were able to take the preservailtive throughout the fourth
subperiodi, and, therefore, the data can )e sunlnarizel for the entire

period of observation. The amounts of phosphoric acid illgeste(d
were practically constant throughout. The phosphoric acid in the
feces sufl'ered b iut little variation, being almost the same in the fore
and preservative periods and only 0.109< graIn greater in the after

period than in the fore period. The phosphoric acid in the urine
decreased slightly thiroughlout. 'he percentage figures shiow a very
sliglt increase inl noun1etab olized phsplloric acid etxcretion and( a
more decided decrease (4.71 per cent) in metabolized phosphoric acid.
The total eliiniiat ion decreases 4.06 per cent, an( the 1alianice iIcreases

0.11 :, grain in1 t he j)reservat ive p1erio(l , the increase cenit inuinrg in

the after period. Mlanifestly iin the case of these tiv subjects there

wals p)ract ically n1) in (uriolls (lefet pI'odu(cedl b llt pr'eservative on1

phosphoric a(cid lmlet abl)Oisi ilas a whole.
The sunilnury for Nos. 1, 2, 4, ;, an1(1 t is comllplete withl the excep)-

tion( of the foulrti preservative sulperiod. Thi talble shoms a1 slight
illcrease ill t le quilt it 4.of llhsphoric nicil excreted ill t he fet(es di1r-
ing th1 pfi(" I (srxT a i lve n('I'i Ial, il( t i 1illti'ilso 18 a1Illlost lllillllatille(I

III 1 1 fter 1)'lud, tI 1t I igilI'es lellt 1 1). g ()111, gralii 1 .0 5 gfilliis, illl

1.041 grains (dil for the three periods. The amounts of phosphoUic

acild ('xcretE(1 in tle uri ne are 2.12' gratis, 2.278: grans, and 2.I177

gramlls dail V for 1he t bree periods, showing a slight decrease t hrouh-
out. The average illullllts of piosphiloic ld illgestd rentiltil

pract icially constant . The percent ages of phsphori"C acid excret ion1

SiloW t l1e saii1 I' trillt Itl, tI1 1'e l lily 2i.56 per ClC I, '1.( p r cel ,

aD(I 29.08 peI' Cttll, 1't'pI rt' i iv('i , t'X l'etete( 11i Il fees dlflll; I 1t' t Iit'et'

pe'i'0s; 68.6ili pelf clit, (i:.27 per (ells, lllli1 .S.0h per C lI, t'spt'C-

1185



INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

tively, excreted in the urine. It is seen that the increase in total
elimination of phosphoric acid during the preservative period is one
exclusively to the increase in the nonmetabolized phosphoric aci(I
excreted. The balances are positive, having values of 0.357 gram,
0.255 gram, and 0.460 gram daily for the three periods respectively,
showing a very slight decrease in the preservative period with an
increase in the after period, in which the balance exceeds that of the
fore period.

A similar summary for those receiving benzoate of soda is shown
in the table for Nos. 7 to 12 omitting the fourth perservative sub-
period. In this case it is noticed that there is a slight decrease in the
amount of phosphoric acid excreted in the feces in the preservative

period and a notable increase in the after period, the figures being
1.112 grams, 1.088 grams, and 1.203 grams daily, for the three periods.
In the urine there is a progressive decrease in the amount excreted,
the daily average being 2.177 grams, 2.145 grams, and 1.957 grams
for the three periods respectively. The amounts of phosphoric acid
ingeste(d are fairly constant, showing a decrease of less than 0.1 gram
daily in the preservativ-e and after periods. The percentages of
excretion show such slight variations in the preservative period that
no conclusions could be drawn from them, both the metablolized and
nonmetabolized phosphoric acid excreted being practically constant..
In the after period there is an increased excretion in the feces and a
decrease in the urine. The balances average 0.601 gram, 0.569 gram,
and 0.473 gram daily for the three periods respectively, showing a
slight continuous decrease. These data show practically no effect

produced b benzoate of soda in lodifying the metabolism of ph1os-
phoric acid.

A general summary showing the mass action of the preservative
in the two forms upon all of the men, except No. 3, and omitting

the fourth preservative subp)eriod, gives the following results. The
average (laily anotunts of phosp)horic acid excreted in the feces are
1.017 grains, 1.077 grains, and1 . 1 78 grants for the three periods.
Iiere is, therefore, shown a very slight tendlncy on the part of the
J)reservati ve to increase the amount of phosphoric acid excreted in
t Ihe feces, this increase being (I e to the effect produced by- the pre-
servative acliiinist ere(d as enzoic acid. For the urine the averages
are as follows: .' 44 grants, _.'03 graIns, and 2.012 grains daily for
the three periods. There is a slight t en ney on the part of l)enzoic
acid in hot h forms t(; decrease t le (lanit ity of phlospholric nci(l excretedI

ill t li Ilf'iill. the 10 1111111I) S e'p)r'essillg )e'e11tg Xlle )1etol) ear o it

10lese i1lere111s, Ilie Ipercel'f iage excreted 11 le feces Ins'llsIng

tio ighll 1 1t , w1 I I1e pecen('llt ge' ('Xce Ill th llne is )rilalt icall

1 ll me Ili l 1 fore and preseYrative periods and decidedly less in
the after period.
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It -ould, therefore, appear from a study of the phosphoric acid
balance sheets that -hile the effects produced on the letabolisn
of this substance are not marked, there is a tendency, especiall-

-hen the preservative is administeredI as henzoic acid, to increase the
qjuantity and percentage of phosphoric acid excreted in the feces
and to a less extent diminish the phosphoric acid excreted in the urine,
and this effect is continued in a marked degree in the after period.
The administration of these bollies therefore diminishes the excretion
of metabolized phosphoric acid and increases the excretion of non-
metabolized phosphoric acid, and may be saill to interfere in a slight
degree -ith the normal metabolism of phosphoric acid.

TABLE XIII.-Phosphoric acid balancs for S ri' s 17II.

[Averages are per day.]

No. 1.

1

Period. In
food.

Fore period.

First subiperiod: I Grams.
Total................... 13.2.
Average.................2. b57

Second subperiod:
Total................... 13.til
Average.................2. 72)

Entire fore lwriod:
Total.................. 2G. . 4
Average...... rio..

Preserratire periodI.

First sublperiod1:
Total.................
Averang.................

Second subpvriod:
Total............. .....
Averago................

Third slullperiod:
Total..................
A verag.................

Fourth subp)e)4riod:
'Total....................
A v.1'nt~l................

12. 770
2. 334

12. 193
2. i 9

13. 234
2.131

13. 238
2 . (i{8

Entire preservatives perill:
Total.................... 51.937
Av e rag................. '.:!1.

.1 iter period.

*2 3

In In
feces. urine.

Grams.
2. 285-

3. 1:
. 703

Gra ms.
10. I74
2. 133

11.389
2. 27

-1 5

In1
feces In
and feces
urine (2+1).
(2+:.

6

1i I
urine
(3-1).

1 I1

a n/i
urine

(4=1).

Grams. Per /t. Per <t. Per <t.
12.9:9 17.20 8o.3i 97.5i
" .5!l' .. . . . . . . . . . .

14.9) 25.85 83.74 109.59
2.981 ....... ...............

5.!+11 :2.0ti3 27i. ti4 21.58 82 .07 103.1'5
.. 11 2.206 2.76. .....................

3.35 1(0. (3) 13. 3I 2. 12 78.:31 104. 42
.liltil 2. INN) 2.6tb7 .. .... ........ ......

2. 4lti 9. 728 12. 193 19.42 76. 63 9i. 05
. 493 ,

3. (142
.725

2. 129'

21.*

11. 171
.- 7 *

First 'siibperiod:
To11l................... 13. 273 3.380
\veruge...................2.65M .61761

Totali.................. 13. 2:1 4 th?

Entire after period:I
Total........... ... .. 53i:ll 7. 4it
Average....................747

1.9!411 _. 4.,!l

10.Mi.4'2 13. 31
2.10, ''790)

9.382 I1.511l

:it. 419
1. 971

7. 897
1. 379i

7. %2
1. 57th

111.99 )
2. rill

11.277
2. '.1"

II.9ti0
2. 394

2... ...

li. 08

??~).27

8 J

Ben-
Hal- zoic
dance acid ad-

(1-4 . minis-
te re'd.

Grams.
+0. 324
+ .06t5

-1.304
- . 2u1l

- .9t0
- .thi!s1

- . 5 l
- .113

+ .502
...... ........ + .110

ii.7t 1(1.2ti - .6197
...... ........ - .139

70. 7 Vii.93 + 1. 727
... ... . . . + .:341

7. 87

25.47 59.'50

30.8M 59.M

15. 779 23. 24i 2. 17 50. 53
1.578 2.325 ....... .......

98.11 1 + .94.7
+ .048

Grams.
0.0

.0

.0

.0

.0

.0

5.00
1.00

.30
1.50

10. 00
2.00

12. 54)

3.i. 00
1.75

4.9tl +1.99ti
..... _... + .40

9l. 4a + 1. 2ttl
.... + .253;

iT. 8 i0 +a 2ti2
-.-.......I + .326G

.0

.0

.0

.0

.0
.0

.
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Period,

Fore period.

First subperiod:
Total..................
Average................

Second subperiod:
Total..................
Ave rage...............

Entire fore period:
Total.................
Ave rage................

Preserrative period.

First subperiod:
Total....................
Ave rage................

Second subperiod:
Total..................
Average................

Third subperiod:
Total.................
Ave rag...............

Fourth subperiod:
Total..................
Average................

Entire preservative period:
't'otal....................
A veraga...............

After period.

First subperiod:
Total.................
A verage............... 

Second subperiod:
ToCtal.................
A veratge..............

Entire after period:
Total...................
Average................

In

In In In nfees

food. feces. urine. rneurine
(2+3).

Grams.
26. 189

2(k.095
5. 219

Grams.
5. 3t3
1.073

6. 960
1. 392

52. 284 112. 323
5. 228 I 1. 232

25. (145
5. 129

25. 391
5. 078

8. 330
1. 666

8. 354
1. 671

2i. 700 8. 848
5.340 1.770

23.872 8.514
5. 174 1.703

103.li08 34.046
5. 180 1.7(12

24. 419 7. 658
4.884 1.532

25.lix7 7.488
5. 137 1. 498

50. 10(1
5.011

15. 146
1. 515

Grams.
15. 664
3. 133

17. 187
3. 437

32. 851
3. 285

1(i. 621
3. 324

17. 157
3. 431

16. 873
3. 375

15. 43(
3. 087

66. 087
3. 304

15. 361
3.072

16. 218
3.254

31. 629
3. 163

Grams.
21. 027

4. 205

24. 147
4.829

45. 174
4. 517

24. 951
4.990

25. 511
5. 102

25. 721
5. 144

23.950
4. 790 .

in
In In feces Bal-

feces urine and ance
(2+1). (3=1). urine (1-4) .

(4÷1).

Per ct. Per <t. Per ct. Grams.
20. 48 59.81 80.29 +5. 162

-.-..-. .. ".....-........-+1.033

26. 67
2. 57

23. 57

65.86 92.53

62. 83 86. 40

32.48 64.81 97.29

32. 90 67. 57 100. 47

+ 1.948
+ .390

+7. 110
+ .711

+ .694
+ .139

- . 120
- . 024

33.15 63.19 96.33 + .979
-..... . ........ + .196

32.91 59.66 92.57 +1.922
...... ........ ........ + .384

100. 133 32.86 63. 79 96.65 +3. 475
5.007 ................ .... + .173

23.019 31.36 62.91 94.27 +1.400
4.(14 ....... ........ ........ + .280

23. 75t 29.15 (13.33 92.48 +1.931
4.751 ....................... + . 38t6

46. 775 30.23 63. 12 93. 35
4.678 ....... ......... ...

I I

+3.331
+ .333

Ben-
zoic

acid ad-
minis-
tered.

Grams.
0.0

.0

.0

.0

.0

.0

5.00
1.00

7. 50
1.50

10.00
2.00

2.50
.50

25. 00
1. 25

.0

.0

.0

.0

.0

.0

INFLUENCE OF FOOD PRESERYAT1"ES ON HEALTH.

TABLE XIII.-Phosphoric acid balances for Series Ill--Continued.

[Averages are per day.]

1 3 3 6 7 8 9

A



BENZOIC ACID AND BENZOATES.

TABLE XIII.-Phosphoric acid balances for Series I'III-('ontinued.

[Averages are per day.]

N c. ..

4 5 G
In In
ccs In In fporps
nd feces urine afnd
rine (2=1). (3=1). urine

8 , 9

Ben-
Bal- oic
ance acid ad
(1-4. minis-

tered.

Fore period.

First subperiod: Grams.
Total................... 24.314
Average............... 4.877

Second subperiod:
Total.................. 23. 696
Average............... 4.739

Crams. Grams.
7.319 12.:546
1.4ti4 2.509

7.798 12.024
1.it) ' 2.405

Entire fore period:
Total................... 48.080 1:;.117
Average............... 4.808 1.:12

Preserrative period.

First subperiod:
Total................... 23.577 9.017
Average.............. .. 4.715 1.803

Second sulbperiod:
Total................... 24.061 11.473
Average............... 4.812 2.295

Third subperiod:
Total................-- - 19.299 4.(139
Average.............I 3.8110 .928

Fourth snhperiod:
Total................... 24.5i3 11.591
Average................ 4.917 2.318

Grams. Per ct.
19.8ti5 30.02
3.973

Per ct.
51.45

Per (t Grms
81.47 + 4. 519

....... .......- -..-...- + .904

19.822 32.91 50.74 83.G6i + 3.874
3.9t4....... ........ ........ + .775

24.570 39.687 3 1.44 51. 10  82.54 + 8.393
2.4:7 3.969 ...... ......-. ......-. + .839

12.901 21.918 38.24 54.72 92.96 + 1.659
2.180 4.384 ....... ........ ........ + .331

18. 594 30. 0(17 47. 68 77.28 124.96 - (i. 006
3.719 6.013 ...................... - 1.201

10. 751 15.390 24.04 :5.71 79.75 + 3.909
2.150 3.078 ....... ........ ........ + .7ti2

10.324 21.915 47. 1 42.00 89. 15 + 2.11118
2.0413 4.383 ...... ........ ........ + .534

Grams.
0.0
.0

.0

.0

.0

.0

i.00
1.00

7.50
1.50

1.00
.20

.0

.U

Entire preservative period:
Total................... 91.520
Average............... 4.576

After period.

First suhperiod:
Total................. 24.440
Average............... 4. 888

Second sub1period:
Total................... 24.750
Average............... 4.951

Entire after period:
Total................. 49. 19f i
Average............ .4.920

3i.720 52.570 89.290
1.836 2.1128 4.4ti4

5.762 11.863 17.62:5
1.1:52 2.373 3.525

fi.900
1.380

12. 984
2. 597

19.884
3. 977

12.(14\2 24.847 37.509
1.2111 2.94t5 3.751

40.12 57.44 97.56 + 2.230 13.50
....... ........ ........ + .112 .118

23.58 48.54 72.12 ,+ 6.81'5 .0
............... ........ + 1.3ti .0

27.87 52.4i 80.32 + 4.872 .0
....... ................ - .974 .0

25.74 50.51 711.24 +11.1687 .0
....... ........ + 1.1119 .0

1189

1

Period. In
food.

3

In
urine,

In
feces.

fc
a

u
(2

.



INFLI'ECE OF FOOD PRESERVATIVES ON HEALTH.

TA BuL1: XIII.-Phosphoric acid balances for Series TIIJ-Continued.

[Averages are per day.]

No. 1.

1

Period. In
food.

Fore period.

First subperiod:
Total..... ............-
Average............. 

Second sulbperiod:
Total.................
Average..............

Grams.
17. 856
3.:171

1i. 903
3. 1i1

In
feces.

Gra ms.
5. 074
1. 015

4.013
.803

3 4 5 6 7 8 9

In In Ben-

In feces In In feces Bal- zoic
urine. and feces urine and ance acid aid-

urinei (2=1). (3=11. urine (1-4). mini -
(2+3). I (4=1). tored.

Grams. Grams. Peret. Per t. Per ct. Grams. Grams.
11. 609) 16. 683 28.42 65.01 93. 43 + 1. 173 0.0
2.322 3.337 ....... ........ ...... + .234 .0

10.485 14.498 25.23 65.93 91.17 +1.40. .0
2.097 2.900 ....... ........ ...... + .281 .0

Entire fore period:
Total................. 33.759
Average................ 3.376

Preserratire period.

First su)period:
Total.................15. 732
Average............... 3.1411

Second subperiod:
Total.................. 11.1617
Average............... 3. 123

Third subperiod:
Total.................16. 330
A verage............... 3.266

Fourth sul)period:
Total................. 16.500.
Average................ 3.3(H)

Entire preservative period:
Total.................
A verage..............

After period.

First subperiod:
Total..................
Average..............

Second subiperiod:
Total...................
AXverage...............

64. 179
3. 209

15.1691
3. i3s

1l. 377
3. 27:1

Entire after period:
Total.................. 32. 048
Average.................3.207

9.087 22.094 31.181 26.92 65.45
.90><) 2.209 3.118 ..............

4. 434 10. 526 14. 960 28. 18 66. 91
.887 2.105 2.992 .............

4. 181 10.203 114.384
.836 2.041 2.877

4. 252 9. 682 13. 934
.850 1.936 2.787

4. 834 9.263 14.097
.967 1.853 2.819

92.36 +2.578 .0
..-..... + .258 .0

95.09 + .772
-+ .154

26.77 65.33 92.10 + 1.233
+ .246

26. 04 59. 29 85. 33 + 2. 39(1
....... ........ .+ .479

29.30

7. 701 39. 674 57.375 27.158
.885 1.984 2.869 .....

.74 10.131 15.89:1 36.73
1. 153 2.026 3.179 .....

3.827 8.072 11. 899 23.37
.716 1.614 2.380 .......

9.:591 1 ti. 203 27. 794 29.91
.9:i9 1.820 2.779 ......

56. 14 85. 44

61.82 89.40

64.:57 101.30
. -..-..-. .......-

+2. 403 I
+ .481

+6.804
+ .340u

- .204
- .041

49.29 72.(i +4.478
-.--- "-. -....... +} .89:1

5i.7ti 8ti.67 +4.274
....... ........ + .428

5.00
1.00

7.50
1.50

10. 00
2.00

12.50
2.50

35. 00
1. 75

.0

.0

.0

.0

.0

.0

119U
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BEZOIC ACID AND BE\ZOATES.

TABLE XIII.-Phosphoric acid balances for Series 17II-Continued.

[Averages are per day.]

No. 5.

1

Period. In
food.

Fore period.

First subperiod:
Total...................
Average..............

Second subperiod:
Total...............
Average...............

Entire fore period:
Total.................
Average.............

Preserrative period.

Grams.
14. 546
2.909

14. 361
2. 872

28.907
2.891

2 3 4 5
In

In In feces In
n n and feces

feces. urine. urine (2÷1.
(2+3).

Urams. Gram . Grams. Per ct.
2.323 n 9.251 11.574 15.97

.465 1.850 2.315 .......

3. 917
.783

6. 240
.624

6 7
In

In feces
urine and
(3÷1'. urine

(4+1).

Per ct. Per <t.
63.60 79.57

8

Bal-
ance

(1-4).

Gra m s.
2.972

.594

7.682 11.599 27.28 53.49 80.77 2.762
1.531 2.319 ....... ........ ........ .553

16.933 23.173 21.59 58.58 80.16 5.734
1.693 2.317 ....................... .574

First subiperiod:
Total................ .... 14.356 3.763 8.548 12.311 26.21 59.54 85.76
Average... -.......... 2.871 .753 1.710 2.463 ....... ........ .......

Second subperiod:
Total................. 14.624 3.687 a 8.776 12.4f63 25.21 60.01 85.22
Average............... 2.925 .737 1.755 2.492 ....... ........ .......

Third subperiod:
Total.................... 15.820 3.984 8.757 12.741 25.18 55.35 80.54
Average................ 3.164 .797 1.751 2.548....................

Fourth subperiod:
Total................. 14.377 4.508 a7.718 12.226 31.36 53.68 85.04
Average...............2.875 .902 1.544 2.446 ----................

Entire preservative period:
Total.................. 59.177 15.942 33.799 49.741 26.94 57.12 84.05
Average................ 2.959 .797 1.690 2.487 .... ........ ........

After period.

First subperiod:
Total................... 14.805 5.044 a 8.4ti9 13.513 34.07 57.20 91.27
Average............... 2.91l 1.009 1. 694 2.703 ......................

Second suhpeJriod: I
Total................... 15.579 2.833 7.701 10. 542 18. 18 49.48 67.67
Average............... 3.11E ' .56i7 1.542 2.109 ....... ........ ......

Entire after period:
Total....... .. ...._ :.3 1
Average.............3.043s

7. y77 11. 178 24.055 25.92 53.25 79.17
.788 1.lill 2.40ti ........... .......

2?.045
.408

2. 16l1
.433

3.079
.616

2. 151
.429

9. 436.
.472

1.292
258

5.037
1.0I07

t6. 329
.632

9
Ben-

i zoic
acid ad-
minis-
tered.

Gra ms.
0.0

.0

.0

.0

.0

.0

5.00
1.00

7.50
1.50

8.00
1.60

3.00
.60

23.50
1.18

.0
.0

.0

.0

.0

.0

a Average aIded to complete period.

1191
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INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABL.E X III.-Phosphoric acid balances for S rics VIII-Continued.

[Averages are per day.]

No. G.

1

Period. In
food.

Fore period.

First subperiod:
Total.................
Average...............

Second subperiod:
Total...................
Average.............

Gra m.s.
20. 678

4. 136

20.006
4.019

Entire fore period:
Total.................. 40.774
Average................ 4.077

Preserratie period.

First suhperiod:
Total................... 20.429
Average................ 4.086

Second sulpl)eriod:
Total................... 19.940
Average................ 3.988

Third silperiod:
Total.................. 20.202
Averag-............... 4.040

Fourth sublperiod:
Total................. 19.922
Average............... 3.984

Entire p reservative period:
Total ........... ...... 80. 493
Average............4 4(Y25

After period.

First subperiod:
Total.................. 19.442
Average............. 3.888

Second suhperiod:
Total..................a2. aso
Average............... 4.(076

Entire after period:
Total.................. 39.822
Average............... 3.982

2 3 4 5 6 8 9
In In Ben-

feces In I n feces Bal- zoicIn In and feces urine and ance acid ad-feces, urine, urine (2÷1). (3÷1). urine (1-4). minis-
(2+3). (4÷1). termed.

Grams. Grams. Grams. Per et. Per ct. Per ct. Grams. Grams.
7.508 11.385 18.893 36.31 55.0ti 91.37 +1.785 0.0
1.502 2.277 3.779 ....... ........ ........ + .357 .0

7.535 10.931 18.466 37.50 54.39 91.89 +1.630 .0
1.507 2.186 3.693 ------- -------- ---- --- + .326 .0

15.043 22.316 37.359 36.89 54.73 91.62 +3.415 .0
1.504 2.232 3.73E ..................... + .341 .0

7.446 11.174 18.620 36.45 54.70 91.14 +1.809 5.00
1.489 2.235 3.724 ...... ........ ........ + .362 1.00

5.952
1.190

7.222
1.444

5.790
1.158

26. 410
1.320-

8.327
1. 6G5

a 3. 620
.724

11.947
1.195

11.475 17.427
2.295 3. 485

10.675 17.897
2. 135 3.579

29.85

35.75

57.55 87.40

52.84 88. 59
1.12 1.91 2.0 .8.. .9...

11.124 11;.914 '29.06 55.84 84.90
2.225 3.383 ........ ..... ........

44.448 70.858 32.81 55.22 88.03

+2.513
+ .503

+2.305
+ .41

7.50
1.50

10.00
2.00

+3.00s .0
+ .1101 .0

+9. 635 02.50

11'

2.22 3.52 ...... + .483 1.1

11.431 19.758 42.83 58.80 101.63 - .316 .0
2.286 3.951 ....... ........ ........ - .063 .0

alo. 634 14.254 17.76 52.18 69.94 +6. 126 .0
2.327 2.851 ........ ............ +1.225 .0

22.065 34.012 30.00 55.41 85.41 +5.810 .0
2.206 3.401 ..... ....... ........ + .581 .0

a Daily average added to complete record.

A
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BENZOIC ACID AND BENZOATES.

TABLE X III.-Phosphgric acid balances for Series VIII-Continued.

[Averages are per day.]

1 2 3 77

1 2 3 4 5 G 7 8

In feces In In
Period. I n ad I n

In food. In in an feces urinefeces. urine, urin (2+1). (3+1).

Fore period.

First subperiod: Grams. Grams. Grams. Grams. Per ct Per et.
Total ................... 15. 507 5. 339 9. 854 15. 193 34. 43 t;3. 55
Average................ 3.101 1.068 1.971 3.039 ....... .......

Second subperiod:
Total................... 14.79t 5.252 9.239 14. 491 35.50 62. 44
Average................ 2.959 1.050 1.848 2.898 ..... ........

In
feces
and

urine
(4=1).

Per ct.
97.98

Bal-
ance

(1-4).

Grams.
+0. 314
+ .00 6

97.94 + .305
....... + .061

Entire fore period: j .61
Total........... ...... 30.303 10.591 19.093 29.684 34.95 63.01 97.9t + .G19
Average............... 3.030 1.059 1.909 2.9ti8 ........... .. ... + .0612

Preservatire period.

First subperiod: _ I -
Total...................
Average.. .........

Second subperiod:
Total...................
Average............

Third subperiod:
Total...................
Average.............

Fourth subperiod:
Total.................
Average...............

14. 240
2.849

14.374
2.875

15.009
3.002

13.890
2.778

4.471
.894

5.803
1. ltil

3.710
.742

3. 636
.727

8. !902
1.7 50

13.373 31.38 62.49 93.87
2.174 ..... .............

4 .NTd3
+ . 175

8.377 14. 180 40.37 58.28 9.65 + .194
1.675 2.836 ....... ........ ....... + .039

7.(185 11.315 24.72
1.537 2.279 .....

7.939 11.575 26.18
1.588 2.315 ......

51.20 75.!2

57. 16 83.33

+3.614
+ .723

+2.315
+ .4ti3

Entire preservative period:
Total................... 57.519 17.620 32.!03 50. 523 30. 63 57.20 87.84 +ti.99ti6
Average................ 2.87E .281 1.G45 2.526 . ........ -.. . . + .350

Alter period.

First subperiod:
Total................. 13.820 5.03ti 7.398 12.434 34.44 53.53 89.97 +L.38ti
Average............... 2.7t4 1.007 1.480 2.487 ....................... + .277

Second subperiod:
Total.................. 13.259 6.063 7.193 13.25i6 45.73 54.25 99.98 + .003
Average......... ...... 2.652 1.213 1.439 2.652 -....-. ..-. -. --... + .000)

Entire after period:
Total........ .......... 27.079 11.099J 14.591 25.9ti 40.99 53.88 94.87 +1.30
Average............... 2. 708 1. 110 i 1.459 2. ti9. ................... . . +.1.1

1193

9

Sodium
benzo-
ate ad-
nin is-
tered

(calcu-
lated as
benzoic
acid).

Grams.
0.0

.0

.0

.0

.0

.0

4.90
.!8

7.50
1.50

10.00
2.00

6.50
1.30

2.'0
1.45

.0
.0

.0
.0

.0

.0



INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

T ABLE XIII.-Phosphoric acid balances for Series VIII-Continued.

[Averages a re per day.]

No. 8.

Period.

Fore period.

First subperiod:
Total..............
Average...........

Second subperiod:
Total...............
Average...........

Entire fore period:
Total..................
Average...............

Preservatiie period.

First subperiod:
Total.................
Average...............

Second subperiod:
Total...................
Average...............

Third subperiod:
Total................
Average...............

Fourth subperiod:
'Total..................
Average...............

Entire preservative period:
Total..................
Average...............

After period.

First subperiod:
Tlotal..................
Average.............

Second subperiod:
Total...................
A verage................

Entire after period:
Total..............
Average.......... ..

1 2

In In
food. feces.

Grams.' Grams.
.... 15.884 6.767
.... 3. 177 1.353

.... 15.577

.... 3.115
2.568

.514

31. 461 9. 335
3.146 .934

15.557 5.867
3. 111 1. 173

15. 291
3. 0. 5

15.891
3.178

15. 714
3. 143

i2. 453
3. 123

15.702
3. 140

16.1004
3.201

31.706i
1 3. 171

5.050 0
1.010

4.820
.964

6.031
1.206th

21.778
1.089

5. 646
1. 129

6. 141
1.228

11.787
1. 179

3 4

In fece
In and

urine. urine
(2+3)

Grams. Gram.
9. 160 15.927
1.832 3.185

9. 458 12. 026
1.892 2.406

18. 618
1.862

10. 152
2.030

5 6 7 8 1)

Sodium
ben-

In zoate
s In In feces Bal- admin-

feces urine and ance istered
(2--1). (3=1). urine (1-4). (calcu-

(4=1). lated
as ben-

zoic
aci d).

PT1

. Per rt.
42.60

16. 49

Per ch.
57. 67

Per<t.
100. 27

60.72 77.20

27.953 29.67 59.18
2.796 ....... ........

16.019 37.71
3. 2 -3-.......

10.480 15.530 33.02
2.096 3. 106 .......

8. 649 13.4t19 30.33
1.730 2.694 .......

8.988 15.019 38.38
1.798 3.004 .......-

Grams.
-- 0.043
- .008

+3.551
+ .709

88.85 +3.508
-.-.-... + .350

65.26 102.96 - .462
--..... ........ - .092

68.54 101.56 - .239
........ ........ - .048

54.43 84.76 +2.422
........ ........ + . 4 4

57.20 95.58

38. 269 60.037 34.86 (61.28 96. 13
1.913 3.002 .......................

8.694 14.340 35.961 55.37 91.33
1.739 2.868 ....... ........ ........

9.560( 15.701 38.37 59.74 98.11
1.912 3.140 ......- '-....... -. ....

18. 254 30. 0.11 37. 18 57.57 94.75
1.82 .3.01. .............. .......

- .695
+ .139

+2. 416
+ .121

-1.362
+ .272

+ .303
+ .061

+ 1. ii5
+ . 1117

Grams.
0.0

.0

.0

.0

.0
.0

4.90
.98

7.50
1.50

10.00
2.00

12.50
2.50

34.90
1.75

.0

.0

.0

.0

.0

.0

a Daily average aded to complete period.

1194
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BENZOIC ACID AND BENZOATES.

TAsLE XIII.-Phosphoric acid balanc s for S ri s VIII-Continued.

[Averages are per day.]

Nc0. 9.

1 2 3

InIn food. fe
feces.

In
urine.

4 5 6 7 8 9

Sodium
benzo-

In ate ad-In feces In In feces Bal- minis-
urn feces urine and ance termed

(2+3 n (e 1). (3=1). urine (1-4). (calcu-
(4=1). lated as

benzoic
acid).

Fore period.

First snbperiod:
Total...............
Average................

Second subperiod:
Total...............-- --
Average...............

Entire fore period:
Total..................
Average...............

Preservative period.

First subperiod:
Total..................
Average...............

Second subperiod:
Total.................
Average..............

Third sIubpelriod:
TI'otal..................
A verag...............

First, second, and t third sub-
periods:

'Total.................
Average................

.After period.

First suibperiod:
Total...............
Ave rag...............

Second suibperiod:
Total................

Avrage..............

Entire after period:
Total-................. 40.390
Average................ 4.139

Grams. Grams. Grams. Grams. Per ct. Per t. Per rt. Grams. Grams.
20. 6!2 Ii.925 "13. 154 20. (79 33.47 63. 37 97. 04 + 0. 113 0.0
4.138 1.3b5 2.631 4.01ti ....... ........ ....... + .122 .0

20. 5J8 6. 394 11.246 17. 640 31.09 54. t8 85. 76 + 2. 926 .0
4.114 1.279 2.249 I 3. '28 ....... ........ ...... + .. ti .0

41.210 13.319
4. 126i 1.33'?

19.991
3.998

19. 776
y..

4.024
.805

1i.993

24. 400
2. 440

all. 772
2.354

10.589
2)1.3.955 . 1.399 _. 118

20.428 3.068 11.336
4.08t .1ti4 2.267

60. 195 14.085
4.013 .939

20.050 6.591
4.010 1.318

20.340 10.235
4.068 2.147

11. 826
1. li63

37. 719 32.28 59.14 91.42 + 3.541 .0
3.772 ..... - ........ .. .... + .354 .0

15.796 20.13 58.89 79.02 + 4.195 4.90
3.159 ....... ........ ........ + .839 .!S

17. 582
3.5317

14. 404
2.1 l

35.36 53.54 88.91 + 2. 194
....... ........ ........ + .43s

15.02 55. 49 j 70.51 + 6.024
....... ........ -....... + 1.205

33.ti97 47.782 23.40 55.98 79.38 +12.413
2.247 3. ....... ........ ........ - .827

10. 589 17. 180 32.87 52. S1 85. 69 + 2. 870
2.118 3.436 ....... ........ ........ + .:74

10.919 21.154 50.32
2. 184 4. 231 ......

21.508 3.:334 41.66ti
2. 131 3.834........

7. 50
1.50

10.00
2.0

22. 40
b 1. 12

.0

.0

53.68 104.00 - .814 .0
................ - .1t63 .0

53.25 9.91 + 2. 15
.. . . ... . . .+ .205

.0

.0

az I)aily averugi* adldlid to complete record.
b Average for 20 days.

1195
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IN FLU'ENL'E OF FOOD PRESERVATIVES ON HEALTH.

TABLE XIII.-Phosphoric acid balances for Series VIII-Continued.

[Averages are per day.]

N<>. 10.

1

In food. Infeces.

3 4

In feces
In antl

urine. urine
(2+3) .

5 6 7

In
feces
(2-1) .

In
urine
(3+ 1).

In
feces
and

urine
(4=1).

B
a

(1

8 9

Sodium
benzo-
ate ad-

Bal- minis-
nce tered
-4). (calcu-

lated as
benzoic
acid).

Fore period.

First subperiod: Grams.
Total...................18. 332
Average................. 3. 666

Second subperiod:
Total................... 18.319
Average................ 3. 664

Entire fore period:
Total.................
Average.................

Preservative period.

First subperiod:
Total.................
Average.................

Second sublpereiod:
Total..................
A verag.................

Third subpJeriod:
Total..................
Averag................

Fourth sulperiod:
Total................
A verage................

Entire preservative period:
'total................
A verage..............

After period.

First subpreriod:
Total...................
Averag.................

Second subrlperiod:
Total..................
Averag'................

Grams.
4. 552
.910

Grams.
10.5ti2
2. 112

Grams.
15. 114
3.022

2.439 9.774 12.213
.488 1.955 2.443

36. 651 6.991
3.665 .699

18.135
3. 627

17.865
3.573

16. 90ti
3.381

15. (08
3. 122

(X. 314
3. 4211

18.250)
3. i50

17.074
3. 415

Entire after lriod:
Total................... 35.324
Average................. 3. 532

2.081
.41G

20.336
2. 034

11. 172
2. 234

6.231 (110. 564
1.24ti 2. 113

3. 470
.694

2. 519
.504

14.3(11
.715

5.995
1. 199

4. 164
.833

10. 159
1.011

8. 298
1. 6ti0

S. 429
1.686

38. 463
1.923

9.900
1.980

9.294
1.859

19. 194
1.919

27.327
2. 733

Perdt. Per t.
24.83 57.62

Per ct. Grams.
82. 45 + 3.218

........ + .ti44

13.31 I 53.35 66.67

19.07 55.49 74.56

13.253 11.48
2.650 .......

16. 795
3.359

11.7t8
2.354

10.948
2. 190

52.71;4
2. 638

61.60 73.08

34.88 59.13 94.01

20. 53

16. 14

20.87

15.895 32.85
3.179 .......

13.458 24.39
2. 692 .......

29.353 28.76
2.935 .......

49.08 69.61

54.00 70.14

56.14 77.01

54. 25

54.43

Grams.
0.0

.0

+ 6.106 .0
+ 1.221 .0

+ 9.324 .0
+ .932 .0

+ 4.882
+ .977

+ 1.070
+ .214

+ 5. 138
+ 1.027

+ 4. ti0
+ .932

+15.750
+ .788

87.10 + 2.355
....... + .471

78.82

4.90
.98

7.50
1.50

8.00
1.60

.0

.0

20.40
1.02

.0

.0

+ 3.6lti .0
+ .723 .0

.0

.054.34 83.10 + 5.971
................ + .597

a Daily average added to complete record.
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BENZOIC ACID AND BAENZOXTES.

TABLE XI III.-P'hIosphoric arid balances for Series I711-( con- itinued.

[Averages are per day.]

No. 11.

1 ' 2 3 4

Period.

Fore period.

First sub1period:
'Total .-.....-
Au e.... .....

Second subperiod:
'Total...................
Average.....

InIn food. feces.

Gramrrs. Grams.
23.291 4.i832

4.058 .966

23.'232 i. 174
4.tf4ti 1.235

In feces
In andi

urine. urine
(2+3) .

33. 47

57. 5 0.90

:1.5l 90.99

.i i ( ;

In
feces
(2+-1).

In
urine
(3-1,.

I

. Grams. Grau ms. Per ct. Per rt.
13.543 I8. 375 20.75 . 1
2.709 3.o7........ .......

10. 929
2. 1i

Entire fore xriod:
'otal................... 4t.522 11.00 ti 24.472
Average............... 4.tib2 1. 101 2.447

P'reserratire period.

First sulbperiod:
Total.................. 23.254
Average.................4.151

Second stubperiod:
'Total...................21.491
Aver"ge................ 4.298

Third suhperiod:
Iotal.................. 23.891
Averaige................4.778

Fourth sulpenriod:
Total........... ....... :2.4311
Average.................4. 7

9.700
1.940

7. 35i5i
1.471

13.208
2.1642

17. 103
:. 421

2t?..58 47.04

35.478 23.66 52.00
3.548 ....... .......

22. 9t
4. 582

11.030 18.38S i
2. '0' 3. t77

18. 4025. 152 13.2.0
1.030 2.1150

7.13 12.904 20.417
1.,13 2. 581 4. (184

41.71 51.80

34.22 51.3'2

21 56 946

In
feces
and

urine
(4÷1).

Per rt.
7b. !il

73.(l2

76. 26

98. 51

85. 55

. ... ..

8 !

Sodiumi
benzo-
ate ad-

Bal- minis-
ance tered

(1-4). calcu-
lated as

denzoic
acid).

Gram .
4.91.5
.9b3

6. 129
1. 22

11.044
1. 104

.34t1
.069

3. 106
.(621

5. 489
1.0!1

Grams.
0.0

.0

.0

.0

.0

.0

4.90
.98

7.50
1.50

10.00
2. 00

2.019 2.50
.403 .50

Entire pr(eservative period:
''otal................
Average........ ...

After period.

91.072 29. 720
4.:55li4 1. 4 ti

50.392 80.112
2. 520 4. 00t i

32. t3 55.33 87.97 10.9til

First sub}period:
Total .................. 23. 444
Average................ 4. E89

Second suIbperiod:
Total .................. 23.244
Averag#................ 4.i49

Entire after period:
'Tot al ................ .
Average..............

7.779 11.004 12.7s3 33.18 4ti.94 80.12
L. 5ti 2.20 1 3.7.7 ....... ........ ........

7. 140
1.43

11.31iti I3.7lli
2.27i3 3.7013

41.11xi 1 4.9Yr29 22. 370 37. 299
4.lifi9 1.493 2.237 3.730

-t.liil
.3 2

.0

.0

30. 7ti 48.110 79.1 ith 4 .728. . 0
... ... ... .. . .... .. .94ti .0

31.98 47.91 I9.89 9.:389 .0
....... ........ ...... ". .939 .0

2.;:;1t I1I ill. . I, lit 1 t41 11

11U i

1.8 h .. ..
3.1 50 .....--

24.90
1.S25

I

I



INFLUENCE O' FOOD PRESERVATiVES ON HEALTH.

TABLE XIII .- h PhOSphoric acid balances for Series 111-C'ontitlued.

[Averages are pIr da y.]

INTo. 12.

1 ; 3

In inPeriod. In food. fn IIfrces. urin

Fore period.

First suhperiod: G m. Grams. Gran
Total. .................. 22. 92 9.152 11.!
Average.............. 4.590 1.830 2.3

Second suiperiod:
'Total ................... 24.'253 i. 345 12.0
Average................4.851 1.2t;9 2.4

Entire fore period:
Total ................... 47.20:1 15. 497 23. 6
Average................. 4.720 1.550 2.3

P'reserratire period.

First sIllperiod:
'Iotal ................. 23.93; 7.325 13.3
AXverage................ 4.787 1.4(15 2.:

Second supIxeriod:
Total................... 23.5!11 (6.2861 12.7
Average................ 4.719 1.257 2. 

Third suIperiod:
Total............ .... _. 22.1508 6.94s2 11."
Average.................4. 502 1. 29(1 2.

Fourth sulperiod:
T-otal.. ................ .19.x804 6.786 11.2
A verage................. 3.9(11 1,357 2,

4 3 65 4; 9

Sodium
t)PHZO-

In fees I n ate ad-
m fts In in fees Hal- minis-
1Iin feces urie i and anc t!redC. urine ~ ,,

(2 +3) ("2+1). (3.-1). ur~ine (1-4). eakut-
(4-: 1). lated as

I Ienzoic
acid).

ms. Grans. 1'er ct. Per t. Per ct. Gramns. Gramsr.r.
941i 20.7 48 39.87 50.52 90. 39 2. 204 0.0
19 4.14 ------................. .... 441. .0

80 18. 425 2(i. 1(i 49. 81 75.97 5.828 .0
16 3.t;85 ....... ................ 1.1566 .0

i76 39. 173 32.83 i50.14 ll t'. 98 S. 032 . 0
68 3. 917 ....... ......... ........ 803 .0

.04 20. 631 30. 60 55.59 81;. 19 3. 305 4.90
161 4. 12ti........ ........ .......

37 19.023 26. 64 53.98 80. 62
147 3.804 ....... ................

526 18. 008 28. 79
305 3.602 .......

a66
253

18. 052 34. 27
:3,10 .... ..

51.21 80.01

56.89 91. 15

.661 .98

4.573 7.50
.915 1.50

4.50)0 10.00
.9)0 2.00

1.752
.:351 I

.o
.0

89.844
4. 492

Entire preservative period:
Total...................

Ave rage...........

Afler period.

First suibperiod:
Total .................
Average..............

Second suiiperiod:
'IotaL.................
Average..............

Entire after period:
'T'otal .................. 42. 232
A verage.............. .. 4.223

26. 879 48.835 75.714 29. 92
1.:344 2.442 3.786 ......

20.858 6. 377 10. 7115
4.172 , 1.275 2.153

21.:374 ti.424 10.747
4.275 1.285 2.149

17. 142
3. 428

17. 171
3. 434

30. 57

30.06

54.36 84.27 14.130 22.40
- -. 706i 1.12

51.61 82.18

50.28

3. 71ti
.744

80.34 4. 203
........ .841

50. 94 81. 2512.801 21.12......3...31. 7.. 1

.0

.0

.0

.0

.0

.0

1198

34. 313 130. 31
3.431 .... _...

...... ........

12. 801 2?1. 512
1.2'80 2. 151

7. 919
.79'3

s



BENZOIC ACID AND BENZOATES.

TABLE XIII.-Phosphoric acid balances for Series 111--Continued.

SUMMARIES.

[Ave rages are per man per day.]

Nos. 1 afnd( 1.

1 2

Period.
In food.

Fore period.

First s ulpcriol:
T otal...................
Average..............

Second sulbperiod:
Total..................
Average..............

Entire fore period:
Total..................
Average...............

Presercatire period.

Grams.
:1. 139
3.114

29. 3)4
2. 9504

(0. U43
3.0(32

First subperiod:
Total................... 28.502
Average.................2. 8;)

Second sublxerlodI:
Total...................28. 312
Average.......... 831

Third sulperiod1:
Total................... 29. 584
Average.................2.958

Fourth subperiod:
'Total................... 29. 738
Ave rage................ 2.974

3

In In
feces. urine.

Grams. Grams.
7. 359 22. 283

.736 2.228

7. 52 ik.753

14.888
.744

2. 1.

44.157
2.208

7.71;9 20.526
.iii 2.053

ti. i4i 19.931
. 5(itii 1.993

7.8k!4 19.991
.789 1.999

1i. 91i3
.fi~ti

18. 645
1.865

4 .;

In feces
ana1 In tfee

urif ,_
(2+ (21

Gram.
29. 642

2.9164

29. 403
2.940

s u
). (3

Perert.
23. 63

25.52

fi 7

In
In faces
rine and
3=1). urine

(4+1).

Per et.
71. 511

59.045S 24.55 72. 81
2.9:2 ............

28.295 27.216 72.01
2.830 ....... ........

26. 577 23. 47 70. 40
2.115>. ....... ........

27. 8S5 211. ( 117. 57
2.788 ..............

25. l08
2. 5il

Per ci.
95. 19

97.361

99. 27

93. 87

94.25

8 1)

Bal- zoic
ance acil

(1-4). aditn-
istered.

Gram.. Gram.
1. 4!t7 0. 0
.150 .0

.101 .0

. 1111) , 0I

1. 598 .0
.0S .0

.. 07 10.00

.(020 1.0)0

1. 735 13.0)
. 173 1..I)

1. fi!. 2U. (N)
.17(1 2.I1K)

23. 41 (2. 70 86. 10 4. 130
.--..... ........ ........ .4 13 2.:,0

Entire preservative periodI:
Total...... ..........
Average. ............

After period.

lti. 1311
2.904

First snhperiod:
Total.. . . . .. . . . . 28. 944
Av rg . . . . .... 2. 896i

Second subperiod:
Total ................. . 29.612
Average........ 2.9til

Entire after period:
Total................... 58. 5i7ti
Average................ 2.929

29. 272 79.093 108. 3415 5 .20 8. 10 93.30
.732 1.977 2.70!1 -

9.144 18.028 27.172 31.57 62.24 93.81
.114 1.803 2.717 .....................

7.914 15.954 23.868 2ti.72 53.88 80.60
.791 1.595 2.3i ......................

17.058 33.982 51.040 29.12 58.01 87.13
.853 1.6199 2.1342........ ........ ........

7.771 70.00
.195 1.75

1.792 .0
.179 .0

5.744 .0
.575 .0

7. 536
.377

.0

.0

11.)9

ha

74.14 199.,ti6



120 ()

Period. I InIn food.
feces,

Fore period.

First subperiod: , Gramits.
Total................... 92.552
Averag................ 3.702

Second :;uliperiol:
'Total................... 0.056ti
Averag................. 3. 602

Entire fore period:
Total..................
Ave rag...............-

Irrserratire period.

First subiperiod:
Total..................
Average...............

Second suibperiod:
Total.................
A verage..............

'1'hird subperiod:
Total...................
Ave rag.................

First, second, and third subl-
pePriols:

Total................
Ave rage...............

Aptrr period.

First sub1periodI:
Total..................
Av"rage..............

Second sulbpIeriol:
Total...................
Avi rage................

182. tnN
3. tfi3

88. 932
3. 557

In feces In
In and I

urine. (3e (2÷ 1).

Grams. Grams. Grams. Per ct.
22.5:3 58.583 81.1:36 24.37

.902 2.343 3.245 .......

25.941 57. 74 83. 615 i 28. 81
1.038 2.307 3.345 .......

4{.494 114i.2?57 16f4.751
.970 2.325 3.295

27.308 5ti. 8i9 84. 177
1.012 2. 27 3. 367

88. 2i7 24. 639 57.339 81.978
3.531 .98fi 2.294 3.279

92.3011 27.948 56.296 84.244
3.6992 1. 118 2.252 3.370

24 9. 51 79. 895 170. ' )4
3.593 1. 065 2. 273

87. (:0 30. 173
3. 54)5 1.207

91.258
3. fi )

E ntire after period:
Total .................. 1. 78. 888
Averag................ 3.:578

21. 855
.874

2f6. 5f6

In
In feces Ual-

urine and ance
(3=1). urine (1-4).

(4=1).
I __ _ _ _ _

Per et.
613.30

Per et.
87. (6

ti4. 04 92. 8ti

Grams.
11.41ri

.457

ti. 441
.257

63. 66 90.22 17.857
........ ........ .35 7

30.71 63.95 94. ti5

27.91 64.96 92.88

30.28 1:0.99 91.27

250. 399 29. ti5 i3. 27
:.:338 .............

5i3. 289 i3. 41i2
2. 132 3.:339

50. 055 72. 420)
2. 023 2. 897

52. 028 103. 854
1.041 2.077

1 .882
3.118

92. 91

34. 43 t;. 81 95.24

23.95 55. 41 79.311

29. 08 58. Oi 87. 14
.._................-.....

H3en-
zoic
acid

ainI1I1-
istered.

Grams.
0.0

.0

.0

.U

.(

.0

4.755 25.00
.190 1.00

ti. 289 37.50
.252 1.50

8.06t2
.322

48. 00
1. 92

19. 106i 110. 50
.255 1.47

4. liS
.Iti6i

18. 838
. 3

23. ()ti
.4ti)

.0

.0

.0

.0

.0

.0

INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE 1III.- tosphoric acid balances for Series VIII-Continued.

SUMIMIARIES-Continued.

[Averages are per man per day.]

No-. 1, 2, 4, 5, and (;.

1 3 4 .; G 7 8 9



BENZOIC ACTID AND BENZOATES.

TABLE XIII.-Phosphoric acid balances for Series "III-('onitinued.

SUMM AfA RIES-('ontinued.

(Averages are per man per day.]

Nos. 7 to 1,.

I '34 . 6 7

Period.

Fore period.

In In
food. frces.

First suh1period: Grantis.
Total................... I111.1i57
Average................. 3.x;9

Second suhperiod:
Total------------------ 11(i.741
Averag..................:3.! ~

Entire fore period:
Total..................23.3.402
Averag..................3.890

Preserratire period.

First subperiod:
Total.................. 115.119
Average................ 3.837

Second subperioi:
'Total.................. 112.3:93
Average................ 3.74(

Third suljwxriod
Total................... 114.ti33
Ave rage................. 3. 821

First, second and third sub-
Ipriods:

'Total..................342.145
Average................ 3.802

After period.

First sultxriod.
'Total.................. 112. 124
Ave rage.................3. 737

Second sujlwpriod:
Tlotal..................111.295
Average................ 3.710

Entire after (wriod.
T'otal.................. 223.419
Average.................3.724

In

In feces
andurine. andurin(e

(2+3+.

Grams. Grams. Grams.
37. 567 (17.ti9 105.431i

1.2:2 2.212

29.172 (;2.726
.972 2.091

:3.51-1

91.898
.3.(i3

In
feces
(2-1).

In
urine
(3-1).

In
feces
anti
urine
(4+1).

Per (t. Per <t. Per (t.
32.20 58. 18 90.3 3i

24.99 5.3.73 7t.72

(66.739 130.595 197.334 28.59 55.95
1.112 2.117 :3.289 ...............

33.418 '(8.
1.11(1 2.

37.718 (i3.
1.257 2.

84.54

29.07 59.51 8S.58512 101.980
1x4 3.3990

777
12(i

211.702 460.744
.890 2.025

97. M8 193.033
1.0K8 2.145

37.44 58.35)
1.247 1.94:i

40.177 59.079
1.:3:39 I 1.9119

]01.495 33.511 51.74
3. 383 ....... ........

h7.44ti 2:3.29 52.99
2.915 ..............

7.30

741.28

290.021 28.il 5t.42 25.03
3. 233........ ........ ........

95.774 3.3.38 52.04 3,.42
:3.192 ...... ........ ........

99.25i 311.10 53.08 89.18
.:08.... ....... ..............

77.01 117.429 195.010
1.293 1.957 3.251

34.73

8 9

So diumt
henzo-
ate ad-

Bal- minis-
unc"(e tered
(1-4 . (calcu-

lated us
bienzoic
acid).

Cra ms.
11.221

.375

24. X47
. 29

:31i.0tis
.13101

13.139
438

10. 898

27.1~7

51.224

.54.

12.019
.402

52.5 . 7.2. 28.389
. . . . .. . . . . 173

Gra rs.

.11

.11

.11

.0

.0

2'. 40
.98

1.50

1.00

12'.40
1.47

.0

.0

.0

.00

.0

.0

1201

---

I



IN FLIENCE (I)F FOOD PRESERVATIVES ON HEALTH.

1'ABILE X 1J. -PJhosp horic acrd balances for .S rits I III-C'on till ed.

SUMMARI ES-Continued.

[Averages are per man per day.]

Nosc>. I to< 1',, ornlitt1ingr Nc.:3.

In In In
food. feces, urine.

In
feces
and

urine
(2+-3).

First subperiod: Grams. Grams. Grams. Grams.
'Total.................. 209.209 60. 120 121;. 452 186. 572
Average................. 3.804 1.093 2. 299 3. 392

Second subperiod:
''otal..................20. bl 55. 113 120. 400 175.513
Average................. 3. 70 1.002 2. 189 3. 191

In
feces
(2+1).

In
urine

(3 1).

Per <t. Per < t.
28. 74 60. 44

21. L5 58. 22

Entire fore period:
Total.................. 411. 0110 115.233 246. 852 312. 08. 27.70 59. 34
A verage................ 3.782 1.047 2.244 3.291 ....... ........

Preservative periodI.

First subperiod:
Total................... 204.10:1
Average.................3. 710

Second sulp)eriod:
Total...................200.1100
Average................ 3. 64x

'Third sIblperiod:
Total...................20t. 9.9
A\verag..................13.

First, second andi third sub-
periods:

'otal..................l.611G50
A verage................ 3.707

Af/er period.

First snlperiod:
'otal.................. 199. 7.4
A verag..................a 3.32

Se~conrd subperiod:
'ota l..................202.ii53
Averag..................3. 3

Entire aftl'r p)erio:
''to .......... ... 1 .102. 307
AvIerage..................3.657

60. 771 125. 381 l i. 157 29.78 61.45
1. 10! 2. 280 3. 385..............

12. 357 121. 116 183. 473 31.08 (0.36
1. 134 2. 202 3.:,i -..............

54. 650 117. 040
.994 2. 128

177. 783
1. 077

171.1690 2(.41 56.56
3. 122 -...........

363 i5:7 541.320
2. 20 3 3. 281

(;7.597 111. 639 179. 236
1. 229 2. 030 3. 259

62. 032 109. 644 171. 676
1.128 1.994 3. 122

129. 629 221. 283 a50. 912
1. 178 2.012 3. 190

29.07 59.44

33.84

30. 63

32.23

55. 89

In
ft ces
and
urine
(4-1).

Per <t.
89. 18

8 9
Pre-

serva-
Bal- tih e
ance calcu-

(1-4). latedas
henzoic

acid.

Grams.
22. ti7

.412

84.87 31.288
........ .5t;9

87.04 53.925
..-..... .49 1

91.23 17.894
. ...... . 325\

91. 43 17. 187
........ .312

82. 97 35. 249
. .41

Grams.
0. 0

.0

.0

.0

.0

.0

54. 40
.99

2. 50
1.50

106. C0
1 . 93

88.50 70. :0 242.90
... _.. . .426 1.47

89.73 20.518 .0
-.-..... .373 .0

54. 13 84.76

55.00 87.2'.
........ ........

30.877
. 51l I

51.395
.417

.0

.0

.0

.0

SULPHUR BALANCE.

.\o. I.

'I'l (111ll fIor' \1 . 1 SIlOW L <V rlltlil IllefellSP ill l10 Sa 1@)i1110 ('XCr('t(otl

ill thf' fs'ce((S f'romii tlie for1'l' to thle afte l)(1'lf(l. Tr1lel( is 1la sli&ghit iln-

(P'('tl (' ill t II t i ll2 11 of lII)I1l1i' ill Itll l di ll 1 111 I lle J1reserndlt ive

lH'rilowl, but :1. dIIlrkd('(I cl'('215(' ill erl(' ft('r l"s'niO(. Ile su llIIIr

lill ;s' tses rsilllit 'ld IjT lti c'lf l V c'su l ltl . ' 1l(' 1c i 11 li ll f i sP

IlI t l i )('C('lt 2ll5( Of tiIIJ)h11 (' ( 'I'('t (Xr 1 11 i 11(' f(00eS Ill t le pUI'ifP 'f lt l'YP'

I)u1'0(l , till( 21 11% t21 l)l' I11('e15(' 1 t le dlif e )rprIO(. ' 1 )(e elltlge

S I iljdli111 s'r( 'r( 'tf'(I ill t ' 10 111 e1 i 1) li)l\ gfrelit Ir lli ' 1 IfresrVilliV('

12 ( 2

1 2 3 4 :

Period.

Fore period.

G



BENZOI(' AC'ID AND BENZOATES.

than in the fore period, while it is much less iii the after periodl than
in the fore period. The sul)hur balance is positivee in all cases and
its magnitude is the same in the fore and after periods (0.092 gram),
while in the preservative period it is but little more than one-third
that amount. There seems to le in this case a tendency on the part
of the benzoic acid to increase the excretion of sulphur, the total
elimiination increasing 4.S7 per cent, practically all of which is lue
to the increase iin excretion of metaholized sulphur.

No. 2_.

The data for No. 2 sho an increase in the quantity of sulphur
in the feces inl the preserv-ative period, although the amount in the
food is not quite so great as inl the fore period. Th1e increase over
the fore period is continued but to a less extent in the after period,
although the amount of sulphur ingested decreases 0.123 gram daily.
There is also a slight increase in the alm)unt of sulphlur in tile u1rine

in the pre('servat"ive period )lt a decrease in the after period. The

percentage of sullplur excreted in the feces is not ably larger in
the preservat ive and after periods than in the fore period, and the
same is true of the percentage excreted in the urine. The )alances
are 1)osit ive an(d have the following mnaglnit uodes: 0.205, 0.070, and
0.026 gram dailr for the three periods. Inl tle case of No. 2, there is
a tell((eI1v Illillfest(eo to IllTrease tilti alllOullI Of slphur111 efrete'd

bo0th in the feces antd iin the urine, the increase i11 total elimination
Rmolulltil tll S .94 per cent, Witl 1 a coltiliue(1 i11('reae of 2).7 il th 1e
after )eri0d.

.c". .. ;.

I le data for No. 3 show all 1i1Tcre5' in tle (lUailtit 1 Of ll)111110

eXCTrtdl 1 t1he' feIesl 1 lie 10 rra li"e I )()T1)(I 2nlll a (1('cae in1 Il e

after period . The almioun)lit of sul plIur excretedl in tlie urine in the

preservat ive periO(1 is pract i call V ulci haigedl , the verY slight decreasee
1beinr sit 1om1iewIiat m0ore mu arkedI in the after >erindt. Ihe Iba)lances are
all p)osit ivoe atl of the following miiagniit uides: 0.1 )2 grinl. 0.0S3 grain,
ail 0.22 <grain (aily for tl' tIhiree >eriod(s. T'he tlecrease in t lie 1)al-
at1ce 15i ac Oil)a1i( l)\ a tlecr&elals in iliy 10 n11011t of stil ll11r illfste'(
ill 1 ie j)f'5s'PVIlt ive peri (l of 0.1 gr l1, ant1 I t' l ) erle t a gl f OSire

slioW s light illftoise (1N of si 1 ) 111 111 i l 0llle [(ces and aill ilcease ill

t ill ne of .1) jpfer eit. 1ii I11 e I :li'ar Iperil ( Ii(re i" : st roulg ten(I-
ilV' to der e s t' 1 j)h lrcen tle ex cre i o )f )t I Illet a1) iZed at1(i
I li letalI l )0hi i('l s l uil, t 1' fig lfes l)eilig t OII s11111llr I 1i111 l l I lie
fore I)ei it , llt liu i Ile ailulul t of sull h110 i1gt1'te' is illfeklled,
ret Ilfrill to p lraet icIl VI 1 lie 5 1lfe lll l ( 11 1 in te fo1rt' Ierit1od.

No .4 .

1 1 lie false of .N0. I I t tIllaln It V df S11j1111)'l Ill li f t'tm. 1011111n1

practica111 "onsinut. neglig;ible <Iet.:.tase being reeordled. Th~lere is
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1204 IN FLVIEN'I; OF FOOD PRESERVATIVES ON HEALTH.

also a very slight decrease in the amount excreted in the urine.
The balances are positive but of small magnitude, being 0.087 grain,
0.089 gramn, and 0.028 gram daily for the three periods. The only
tendency- shown is to dilminish very slightly the quantity of sulpjhu
excreted both in the feces and in the urine, the increased excretion
in the after period being more marked, as shown by the decrease in
the balance, while the figures for the fore and preservative periods
show b)ut slight variation.

The data for No. ; show a shligrht increase in the sulphur in the
feces in the preservative period and thle same figure is ohtained fo,"
the after period. There is an increase of the sulphur in the urine
during the preservaht ive period, while during the after period it is

practicallY the same as in the fore period. Ihe balances are again
positive and their values arc 0.1 5 3 gram, 0.0S0 grand, and 0.126
grain lailv. The amount of sulphur ingested shows but little varia-
tion, increasing very slightly in the preservative period. I le slightly

lincrease(l excretion both in the feces andI urine amtiounts to 2.24
and 7.14 per cent, respectively, with a tendency to return to the
conditions of the f(t e perIod in the after period for the netabolized
sul)hur, although the nonnletabolized sulphur excreted continues to
increase slightly.

The data for No. 6 shoew a dilinution in the sulphur excreted in

the feces both in the preservative andi after periods and a. like dini-
ltion e( 'lurS in the uIi(rie. T his11 decrease ten(Is to increase t le

magnitulide of the positive balance 1oth in the preservative an( after
periods, the val u (5e for' the balances b ei ng 0.0901 grain, 0.1 01 grain,

an 0.1: 1 grain diiIailM for ti three )erio( s res)ct ivelv. In the a ft er
period the 1balance is aga in slight lv increased, owing to a consideral)le

(cr("PC in Il I percentt ag 01' s11lJ)l 11' tcet(I in the 10c0es ;ind a
slight (1 ( i'( 0LS(' ill Ilt' 1)11 ;Ii i )li/,Ze(l Sl1l)l1l1. rIle llatiiioii s o11 Slllll1F

ingested e P crlhPcs vet sligli iy 1 hi ll0ot , il(I \\ IIi le 1)eOrcellitlge
allloilllt of s11j) Ilflr x fcr te ill 1( 1e" s l l ;I a olectelse of 1.78 per

celnt I lhe i le for i 1 he 0iii Is ))raCfla i(r 1ii:la I gI1 l'ld.

'I'll( (lt h f'ot" \ (. 7 sh(>o - l)l'a(t i("llI 11~. (li:no &~(' ii Ill ec sIi1llriii eX(" c -
t e( ill tli( fech( db l (litiiiig t lI( Ilorc ;lInd I> (' S( ;I t iy J c Iecriotds ;Ind l u1e a
lIrI'('(I iII("."ease (" l~I dn in 1 c l 1ie ~ I('' 1011)0. HP'Ir is ;1 slg t Iro)gressl V

( li 1n1111 i10 1 of t h hiolluntl of sil )htlr extU creted 11 1 le Ill11 1i fo th e I }Ire
J)cfioclI. Ihe balanl ces111 l l t )011 lille, :11i1( litllily I0 0.0 7 f iill,
0.1 1I grain, 1I( 0.05 gruIn <blil for I he thIrIee period ds. 'Ihe inges-

lt ll is IS r t i(l0v1 co(ns1anl, there a0 )11Vs1ifhi IfN 1 (' c s1 I Ii nlli 1-

011t. 1ie J)e(' illlr(' 11;11;1 t a W ow le sIIl(' i'( lat 10115, the (e ( 'ats of

1"0-U



BENZOIC ACID AND BENZOATES.

4.21 per cent in total elimination being due almost entirely to the
decrease in excretion of metabolized sulphur. In the after period
the balance is decreasedd below that of the fore period, due largely to
the increase in nonnetabolized sulphur. There appears to be no
influence in this case on the part of the preservative to increase the
excretion of sulphur in the feces until the after period, but there is a
tendency, on the other hand, to diminish very slightly the excretion
of the sulphur in the urine, though a partial recovery takes place in
the after period.

No. 8.

In the ease of No. 8 there is an increase in the amount of sulphur
excreted in the feces,bothin the preservative and after periods. There
is also a slight increase in the amount of sulphur excreted in the urine
in the preservative period, while in the after period the figure is the
same as in the fore period. The percentage data show the same rela-
tions in the preservative period, but in the after period the percent-
ages of sulphur in the urine and of total excretion slightly increase.
The balances are positive and the daily averages are 0.116 gram,
0.040 gram, and 0.000 gram for the three periods. In this case there
appears to be a tendency on the part of the preservative to increase
the excretion of sulphur in the feces and also in the urine.

No. 9.

The dlata for No. 9 show a marked decrease in the excretion of
sulphur in the feces in the preservative period, but this decrease is
more than restored in the after period. 'There is a slight increase in
the excretion of sulphur in the urine both in the preservative and
after periods. The balances are positive an( amount to 0.147 gram,
0.155 gram, and( 0.053 gram daily for the three periods, respectively.
The percentages i)ear out these data and there seems to be a tendency

on the part of the preservative to dlimninish the excretion of sulphur in

the fees an(I to increase slight itl\ its excret ion in the ur'l1 ine, resulting
in a smllall increase of the balance in the preservative period.

The (lata for No. 10 show a slight increase in the excretion of sul-
plu r in the feces, bo(t1 il the preservative and iaft(r perio lIs. The
(lilalltl 11' (' f(1rIe (II l l ( l 1Ii lle is frwtich\' tlle s1 illl t 0 rough1ot

thIiIlliljilili(r vez'l'\ 51j4?hit l\' I tlie after' pll)ei(I. '1( Il iil ian]('s 21''p)l
tl\'e a1 rat Pet 1! 'ge, mIllotilt I oll 0.2 gfraul, 0.192 1r1i1, uiDd 0.20i

(rifalll dail V for' t ly' ,lftre )erit . I rr i s a (It"rcr ls(' of 0.1'. : rl'alll
dili 1 thelt :lphurlli II1ntrested I11 t lt' I)reservaI\'it 1\'t I)er1iodt inl prac1(t l-
('nll\' the h( in ;l'e amliountlt is ret'ordl in th ie after period as in the

(res'rtive periml. lIn this t'iS' t hei'r is : ttiIenoney, Showtn Iore
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INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

clearly by the percentage figures, to increase the excretion of sulphur,
especially in the feces, which effect is continued in the after period.

No. 11.

In the case of No. 11 there is an increase in the quantity of sul-

plur excretel in the feces in the preservative period an(d practically
no further change in the after period. The sulphur excreted in the
urine is also increased slightly in the preserv-ative period and shows
but a slight decrease in the after period. The balances are positive
and rather large, namely, 0.292 gram, 0.151 gram, and 0.148 gram
daily for the three periods res)ectively. The amounts of sul>hur
illgeste(1 are practically constant and the percentage lata show the
SiniCe relations as those for actual amounts, namely, rather a muaI'ked

tenldency on the part of the preservative to increase the percentage of
sulphur both in the feces and in the urine in the preservat ive period.

Ao. L7.

The data for No. 12 show an increase in t he quantity of sulphur
excrete(l in the feces in the preservativ-e Jperiod1 and a slight decrease
in the after period. There is also an increase in the quantity of
sulphlur excreted in the urine in the preservativ'e period, but a
decrease in the after period to a figure below that of the fore period.
The balances are posit ive and quite large, namely, 0.348 grain, 0.184

gran, and 0.160< gram (laily for the three >eriods respectively. The
sulphur ingested decreases slightly throughout but the decrease in the
balance to almost one-half its original magnitude is dul' largely to the
inI'crease of 9.47 per cent in1 the metal)olizell sul)hIr excrete(l, tlie

inreae 1in the sulpj)hiUr in the feces b1en(g only 1.35 1er cent. In the
after period there is very little change from the conditions of the

)resePrat IiVe perioll.

SMi M NI ARI ES.

The summary for Nos. 1 an( 4 is of interest, chiefly as represent ing
the effect of the benizoic acid upoi the two meni who were able to

take the futlll amllotunt of preserva;lt ive and comlil)lete the fort h pre-
servaitive sblI)periood. As wold )e ex)ectedI fIrom th lie previous )al-
atces lo ma rke(I effects on the lletal)olisl of sull)hllr were produced
ini this case. The average (hnilV amounts of slllplhur ingestl are

prac tically constant, w ith a tendency to decrease; the amount ap)ear-
ing in the leces is virtually uwlnc hauged throughout, with a slight tend-
en("IV i incre;Ise; the amiiouiint S of sull)l hr in thIle ur1ine show a very

slight decireaise throughout, )ult he percentage lata show a. slight

increase in the l(eservat ive leriol for hoth l fetes and urine 1( which is
coit inule(l inl Itle case of fIle feces in the after period, while the metaho-
lizeel slphiuir slight ly decireases. The baance shows a v'ery slight,
d(le0et0e t Ihro )ifl( 11t.
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BENZOIC ACID AND BENZOATES.

The sunnaries which are of the most interest are those for the five
men (Nos. 1, 2, 4, 5, and 6) who received benzoic acid, for the six men
(Nos. 7 to 1'2, inclusive) who received sodium benzoate, and for eleven
men, omitting \o. 3.

The summary for Nos. 1, 2, 4, 5, and 6 indicates that the adIministra-
tion of benzoic acid very slihtlv increases the excretion )f sulphur in

the feces during; the preservative period, while a very slight increase
in the < uantity of sull)hur excreted in the urine is also shown. In

each case the quantity excreted in the after period is less than that
excreted in the fore period. It is seen also in the feces and urine con-
hined that there is a slight increase in the amount of sulphur excreted

in the )reserv-ativ-e period and a decrease in the after period. The
average amounts ingested are quite uniform in the three l)eri(ods ) with

a very slight tendency to decrease. The percentage figures show that
9.76 per cent of sulphur aI)pears in the feces in the fore )eriod, 1(0.55

per cent in the l)reservativ-e l)erioI, and 10-.42 per cent in the after

)erio(d, while in the urine it is noticed that a similar )ercentage of
increase takes )lace, rising from 79.16 per cent in the fore l)eriod to

82.19 per cent in the preserv"atlye )eriod1 and decreasing to S1.I0 )er
cent in the after l)eI'old. In both cases there is a smaller quantity of

sull)hlur excreted in the alter period than in the fore l)eritod, )ut owing
to the slight decrease in the quantity of food the percent age of excre-

tion is larger. The balances are )osit ive and of the following v values:
0.126 grain, 0.050 grain, and 0.050 gram daily for the three periods.
These data show a slight tendency on the part of the l)reserv"at ive to

increase tlie excretion of sulphur in the feces and urine, t hius dlecreas-
ilg the balance, wllile in the after )erio(1 the condlitins of the pre-
SErvativye perio( I are mllaita ine(I.

Nos. 7 to 12. inclusive, received benzoate of soda. The data in
this c2ase also slo )w a teIldenwy OH the )aI't of the benzoate of soda to

increase the total luantitv of sulphur inI the feces both in the pIre-

servat ive anld after p)eriod)ls. Ihiere is also) a similJar increase in the

urine inl tilie preservative period though I the total amiiount excreted

in the after period)l is sliigh itly less than in the fore period. T'he

amnounllt of suluIlir illgested( is almost the samiie in the fore and pre-

servat ive periods and slight lv less in t le after periml. A coimparison

Ilade b' glll t 1e perceiltage figures is here of vaulle. It is seen1

t ht Il t Ile feces t Ile )e0r'ceilt iage txcreti ltll rlses ffIil S.f 2 wer eilt III

the fore pleriotd to 9.23: per cent inl the l)reserv-at ive period and 11.75
per cet itl t lie after I)wl t it .I11 t Ie case 0 f t 10 ]i lie t lie incre se is
frolll i.2 i per ce1 Il lie fore j)I'lotl to 76.7s per clden Il lie )re-

ser"at iVe pernod t(1 7S.5() per cent ill I 1ie after period. ''hle htllnces

are l)Ost ive and of I le ftl ow111g Iin nailit tldes. ().221 glral, 0.1 (

;r1i11 antd 0.107 gran daily *0 Ii r tle three 1 periods, sh owinl a uilifoil

1?U i



\ I N FLI"ENCE OF FOOD PRESEHIVATIVES ON HEALTH K.

decreasee throughout. Ihis suninmary shows a distinctt effect on the

part of the benzoate of soola to increase the excretion of sulphur
1)both1 in thle feces and ini th le urine. The concurrence of the two
sununaries indicates a decilel (listurbance of the sulphur metabolism.

The combined effect of the benzoic acil anl 1)enzoate of sola. is
shown in the summary for the eleven men, omitting the fourth pre-
servative subperiod. The increase in the quantity of sull>hur excrete(d
in the feces both in the preservative and after periods amounts to
only 0.006 and 0.011 gramn. respectivelv, as conIpare(d with the fore

perId. There is also a very slight increase in t l1e quant it v of sul-

)hiur excrete( in i lhe urine in thl1e preservative period (0.020) grant),

while the actual (juantit y excreted in the after period is less than
in the fore period. The average (ily quantit in the food decreasess
shjilhtly throughout, and the percentage figures are more marked
inasmuch as the actual amounts excreted I increase. In the case of
the feces t he percentage of excretion rises from 9.12 in the fore
period to 9.82 in thle preservat ive period and to 11.16 in thle after

period. The percentage excreted in the urine rises from 75.81 in
the fore period to 7.15 in the preservative period an( 7 ). )5 ii t he
after period. rhe balances are posit ive and of thlie following m1iagn'ui-

tudles: 0.177 gral, 0.127 granl, and 0.095 graIn daily for the three

periocIs. These data show in another form the tenlecv on the part
of t lie )Cnzoic acii anol b1enzoate of so(la tO increase the ('('etiOn of

sulphur both in the feces aInd in the urine, anl to the extent inldicated

t he IIetabolisml of sulphur may he sai( to be harmfully aflectel byV

thI' 1)r5efr'atilVe.

1 U
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TABLE XIV.-Sulphur balances for Stria ITII.

IN. n, 1,

1 '' 3 4 .3i

In
S feces InI n I n I n fccs In

and1 feesfood. feces. urine. ne (2c1).
.urine

' (2 + :; .

6(

Iin
In fecs

urine and
(:1=1). urine

(4=1).

Fore period.

First subperiod:
Total.................
A verage...............-

Second subperiod:
Total..................
A verage...............

Entire fore period:
Total..................
Average.............

Preservative period.

First subperiod:
Total.................
Av-erage...............

Second subperiod:
Total...............
Average.............

Third subperiod:
Total...............
A verage..............

Fourth subperiod:
Total..................
Average...............

Grams. I Grams. Grams. Grams. Per ct. ' r et. Pe r ct. Granvi.
5.i2ti 0.253 4.431 4.ti.4 4.540 78. 8t :3.21 +0.942
1.123 .051 .88ti .937 ....... ........ ........ + .1 1

5.278 . I2S 4.867 .>.295 8.11 92.21 100.32 - .017
1..0;11 .050 . 973 1.059 ....... ........ ..... - .003

10.904
1.00

5.48ti
].097

5. 189
1.038

5.213
1.043

5.250

. i % 1

.0 U iS

.433

.0S7

.:30:

.0611

.43s

. 288 I

9.298
. 9:30

4.730
.946

4.735
.947

4. 767
.953

4.4678
1.00 .058 .9311

Entire preservative period:
Total................. '1.138 1.4i4
Average............... 1.057 .073

After period.

First subperiod:
Total.. .................
Average.. .........

Second subperiod:
Total..................
Average................

5. 10'?
1.020

4.9113
.99:3

.457

.091

.401

.080

18.910
.946

4.311
.862

3.973
.795

9.979
.998

5. 1ti3
1.033

5.040
1.008

6.25 I 85.27 91.52 + .9'5
.....-. ........ ........ + .*Mr2

____________________ _______________- - _____________________ I - -

7.89 86.22

5.88 91.25

5.205 8.40 91.44
1.041 .............

4.9lti
I .993

20.:374

94.11 + .323

97.13 + .149
........ + .030

99.85 $ + .00
.....+ .002

5.49 I 89.10 94.5

6.93
1.019 .......

4.76i8 8.96
.954 .......

4.374 8.08

89.416

84.50

80.05

965.3

93.4

8..1

(;rl I:.
0.0

.0

.0

.0

.0

.0

i.0N
1.00

7.: 7)
1.50

10.00
>.oN

Entire after period:
Total................... 10.065
Average................ 1.0IN

.5S h .l 24 9. 142 8.32 82.31 .0. . .

Period.
a m
Bal-
ance

(1-4).

9

BenzoI ic
acid

-adnin-
istered.

9 + .284 12.501
.. + .057 2.50

9 + .7ti4 3.I0
.. + .038 1.75

5) + .334 .0
.. + .001t .0

3 + .589 .0
.. +- . 115 .1

.!2:i
.0rr

.,
-o



1210

Period.

Forec period.

First subperiol:
Total..................
Average................

Second sublperiod:
Total................
Average..............

1 N

In In
food. feces.

Grams.
7. 559
1. 512

7.(i7 1
1. 433

3 4

In feces
In and

urine. urine
(2+3).

Grams. Grams.
0. til5 5.248

.123 1.050

. 726 i.086
.145 1.217

Grams.
5. 8t3
1. 173

6. 812
1.362

5 6 7

In
feces
(2÷1).

Per ct.
8.14

10. 13

In
urine
(3-1).

In feces
and

urine
(4-1).

Per et. Per ct.
69.43 77. 53

84.92 95.05

8 9

Bal- Benzoic
a l -ee a 

8cid

(1-4). admin-
( istered.

Grams. Grams.
1 ti9i 0.0
.339 .0

.355 .0

.071 .0

..... 14. 7265 1.341
Average................. 1. 473 . 134

Preservatire period.

First subperiod:
Total...................
A verage................

Second subperiod:
Total...................
Ave rage..............

Thirdl snhperiod:
TIotal................
Avera g...............

Fourth subIperiod:
Total..................
Average................

7.396
1. 479

7.029
1. 406

7.219
1.444

6. 676
1.335

Entire preservative period:
'Total................ 28.320
Avera e~ 1 416

.701

. 140

.855

.171

.922

.184

.791

.158

3.269

g .... .. . . ..... . ..

After period.

First suhperiod:
Total................... 6.416 .814 5.545
Averag............... 1.283 .163 1.109

Second subperiod:
Total................... 6. 512 . 693 5. 616
Average.............. 1.302 .139 1. 123

Entire after period:
Total................... 12.928
Average................ 1. 203

1. 507
.151

11.334 12.675 9.11 76.97 8ti.08 2.051 .0
1.133 1. 268 ....... .... .......... .205 .0

5.987 6.688 9.48 80.95 90.43 .708 5.00
1. 197 1.338 ....................... .141 1.00

5.968 6. 823
1. 194 1.365

5.950 6.872
1.190 1.374

5.736 6. 527
1. 147 1.305

12. 16 84.91 97.07

12.77 82.42

11.85

23.641 26.910 11.54
1 182 1 346

6. 359 12. 69
1.272 .......

6.309 10. 64
1.262 .....

85.92

83.48

86.42

86.24

.20ti

.041
7.30
1.50

95.19 .347 10.00
........ .070 2.00

97.77 .149 2.50
........ .030 .50

95.02 1.410
.070

99.11 .057
........ .011

96. 88 .203
........ .040

11. 161 12.6638 11.66 86.33 97.99
1.116 1. 2ti7 ....... ..............

.2100

.020

25.00
1. 25

.0

.0

.0
.0

.0

.0

J4

INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XI V.-Sulphur balances for Series iVIII-Continued.

[Averages are per day.]

Entire fore period:
''otal..........



BENZOIC ACID AND BENZOATES.

TABLE XIV.-Sulphur balances for Series 1ITII-ontilnued.

[Averages are per day.]

ov.:3.

1 2 3

Period. In In In
food. feces. urine.

4 3

In feces
and Infeccurine

(2+3). (2+

Fore period.

First subperiod: Grams. Grams. Grams. Grams.
Total................... 6.704 0. 475 5.027 5. 502
Average.............. 1.341 .095 1.005 1.100

Second subperiod:
Total................... 138 .430 4.98ti 5. 41E
Average............... 1.228 .086 .997 1.083

Entire fore period:
'Total................... 12.842 .905 10.013 10.918
Average................ 1.284 .090 1.001 1.092

Presercative period.

First suhperiod:
Total ...................
A verage............

Second subperiod:
Total.................
Average..............

Third suhperiod:
Total...................
Average.............

Fourth suhperiod:
Total...................
A verage...............

6.586
1.317

6.376
1.275

4. 492
.898

6. 185
1. 37

.116

.125

.2f19

.054

5.224 a.803
1.045 1. ltil

5. 124 5.750
1.025 1.150

4.939 5.208
.988 1.042

El 7

's
1).

Per et.
7.09

In
urine
(3÷1).

Per ct.
74.99

I n feecs
ant
urine
(4=1).

Prr rt.
82.07

7.01 81.23 88.24

8 9

UIr- I3enzoic
acidanre" adrin-

(1-4). istered.

Grane.
+1. 202
+ . 241

Grams.
0.0

.0

+ .725 .0
+ .145 .0

7.05 77.97 85.02 +1.924
.. . . . . .. . . . . + .192

8.79

9.82

5.99

.6G18 4.607 5.225 9.99

.124 .921 1.045 _.....

79.32 88.11
........ I......_..

80.36 90.18
19.95 11...94-

109.95 115.94

+ .783
+ .15ti

+ .621i
+ .125

- .716
- .144

74.49 84.48 + .9tio
"...... ........ + .192

.0

.0

5. (X)
1.0)

7. 50
1.:0

1. (K)
.20

.0

.0

Entire preservative period:
Total...............- 23.6i39
Average.... ........... 1. 182

After period.

First subperiod:
Total.................. 6.248
Average............... 1.250

Second subperiod: I
Total.................. 6.137
Average............... 1.227

Entire after period:
Total................. 12.385
Average............... 1.238

2.092 19.894 21.986
.105 .995 1.099

.376 4. 602 4.978

.075 .920 .996

8.85 84.16 93.01 +1.658
..... .. + .083

6.02 73.66 79.67 +1.270
.. . . . . .. . . . . + .254

.345 4.437 4.782 5.62 72.30 77.92

.069 .887 .956 ..... ...............

.721 9.039 9.7ti0 5.82 72.98 78.81

.1172 .904 .97ti ...............

+1.355
+ .271

+2. 625
+ . 2.2

1 211

13.50
. bS

.0

.0

.0

.0

.0

.0

G



INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XIV.-Sulphur balances for Scrics 1III-Con tinued.

[Averages are per day.]

11T . 4 .

1 3 4
In feces

Inu In In I atti
food. fetes. urine. urine

(2+3).

36 ; 8 I
I n 1 n 1in fetes l 

I l enzoic In in anti1l niGres urine urine ance adiCid
1) . (ri (4+1 (stered.

I'ore period.

First subperiod:
Total..................
Average................

Second sublperiol:
Total.................
Average...............

Entire fore period:
Total................
Average..............

Prescreatire period.

First sulperiod:
Total.................
A verage..............

Second suiperiod:
Total..................
Average..............

Third suhperiod:
Total.................
Average...............

Fourth subpleriod:
Total..................
Average...............

Entire preservative period:
Total ..................
A verage.........

After period.

First sub)period:
Total...................
A1verage................

Second sublperiod:
Total..................
Average.............

Grams. Grams. Graims. Grams. Per rt. Per ct. Per ct.
5.801 0.482 4.391 4.873 8.31 75.69 84.00
1.160 .096 .878 .975 ....... ........ ......

5.289 .428 4.914 5.342 8.09 92.91 101.0 )
1.058 .086 .983 1.068 ....... ...... . .......

Grams.
+0. 928
+ . 185

- .05:3
- .010

11.00 .910 9.305 10.215 8.21 83.90 92.11 + .75
1.109 .091 .930 1.02'2 .-.................. + .087

5. 477 .441 4. l63 5. 104 8.05 85. 14 93. 19 I + .
1. 095 . 088 .933 1.021 ....... ........ ........ + .1074

5.147
1.029

5.214
1.041

5. 180
1.031

21. 008
1.1150

5.033
1.(007

4.974
.995

Entire after periodi:
o ta l ................... 10.1117

Average ........ ... I (NIl

.425 4.278 4. 703 8.26

.085 .856 .941 .......-
83. 12 91.37

.418 4.204 4.622 8.03 80. 78 8. 82

.084 .841 .924 ....... ........ ........

.094

1.753
.087

.481

.096

.374

.075

4.:335
.867

4. 804 9.05
.91i1 ......

17. 480 19. 233
.874 .961

4.(695 :.1711
.939 1.035

4. 180 4. 554
.8:31 .911

8.34

83.i9 92.74

83.21

9. 56 93. 2S

7.52 84.04

91.55

102.84

91.5i

+ .444
+ .08.

+ . 582
+ .117

+ 370
+ .075

+ 1. 775
+ .089

- .143
- .028

+ .421
+ .0 4

.8553 8. 875 9. 730 8.54 88.i 97.22 + .277

.056) .876 .973 . .. ............. + .0)28

Grams.
0.0

.0

.0

.0

.0

. 0

5.00
1.00

7.:i0
1. 50

10.00
2 (00

12. 50
2.50

35. 00
1.75

.0

. 1

0
.0

.0
0

122

Period.

('



BEINZOIC ACID AND BENZOATES.

T.LBLi :I. -Suelphlhr balances for Serus 1III-( ouIItinuedl.

[Averages are per day.]

No. 15.

Period.

1 2 3 4 .T

I n feces I
In In In and in
od. feces. urine. urine ( .

(2+:3).

uU.

h; e

in feces
ine and
=1), urine

(4=1).

l
a

(1

8

Sal- I
n c
- ) 1-

II(

I'ore p)ertod.

First subperiod:
'Total................
A verage.................

Second sulbperiod1:
Total.................
Average...............

Entire fore period:
Total..................
Averago................

P'reservatire period.

First subperiod:
Total..................
Averag...............

Second snlh)period:
Total..................
Average..............

Third subperiod:
Total...................
Average..............

Fourth sulperiod:
Total..................
Average.............--.

Entire preservative period:
Total................
A veralge.............

After period.

First suhperiod:
T otIl...................
A verag...............

Secondi subperiod:
Total................
A verag...............

GGrams. Grams. Grams. Grams. Per Ct. '(r ct. Per cl. Grams.
4.210 0. 281 a 2.!15 3. 19t 6. (0 68.43 75.02 1. 0hi4
.852 .056 .583 .i39.. ...... --------......... 213

3.772 .478 2.820 3.298 12.67 74.7i 87.43 .474
.754 .09(6 .564 .1(0 ------- ------------. .94

8.032 .759 5.733 ti. 44 9. 45 71. 40 p 0. 85 1. 538
.803 . 076 .574 .t65) ....... ................ .153

4.23 .535 3.078 3.613 12.ti3 72.65: 85.27 .li24
.547 .107 .661l .723 ....... ........ ........ .124

4.142 .41 6
.828 .(!3

4.252 .412
.50 .002

3.911
.783

16.547
.827

3.982
.79b

3. 97
.799s

Entire after period:
Total.... ....... ... 7.979
Average...............798

a 3. 421

3. 431
.186

.471 a;.0 1
.()94 .613

3. f87
.iii

11.2 82.59

3.893 10.87 80. 69!1
.i-9 ....... ........

3.537
.707

12. 03 71.20

93. 84

91.5i

!N). 32

1. 934 12. !Mll 14. 93) 11. 69 78. 54 40. 23
.07 .6io0 .747. .... "-"........

.588 2.954 :.542 14.i7 74.18 ss. 9:

.118 .5111 .70L .. .... ...... . .-.-....

.383 2. 802 3. 185 9. 58 70. 10 79. Iiu

.07 i .540 . 637 ....... ........ ........

.971 5.756 (i.727 12.1 7
.097 . 576 . 73 .. -

72.14 84.31

9

ienzoic
acid

admin-
stered.

Grams.
0.0

.0

.0

.0

.0 1

.0

.. 10
1.110

.2..> . )

.051 1.50

.359 .00

.O1l 1.60)

.37! 3. 00

.071i .ti

.lil 23.5)

.011 1. 18

.440

.0 I)

.812

.112

1.'!2
.126i

.0
.0

.0

.0

.0

.0

a Daily average added

.'I:fill I1ull. S1, pl *1 OS - 12

to corunil)t, record.

1213
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INFLUENCE OF FOOD PHIIESER"ATIVES UN HEALTH.

TAILE X IV.- Sulphur balances fur Scries ITI1 (ontiluacl.

[Averages are per day.]

T (6.

1 2 3 4 5

In feces In
Period. I In In and Ine

food. feces. urine. urine .e 1
(2+3). (2÷1).

Fore period.

First subperiod: Grans. Grams. Grams. Grams. Per (t.
Total....................6. 244 0.905 4. 670 5.575 14.49
Average................. 1.249 .181 .934 1.115 .......

Second suhperiod:
Total................... . 41 .952 4.1650 5.(102 16.30
Average................. 1.168 .190 .930 1.120 -----..

6 7 8

In IIn feces Ha1-In antid a-
urine urine ance
(3=1). (41). (1-4).

er ( 4=1)r.(

Pe r ctl. P'er <tI.
74.79 89.29

79.61 95.91

Grams..
0.669
.134

.239

.04R

Entire fore period:
Total-................... 12.0O5
Average................. 1.208

Preserrative period.

First salhperiod:
'otal.................... 6. 191
A\vcrage.................. 1.238

Second subperiod:
Total..................... 5.736
A\verage..................- 1.147

Third subperiod:
Total.................. 5.579
Average................. 1.116

Fourth subtperiod:
Total................... 5.324
Averig.................. 1.065

Entire preservative period:
Total. ... _............ 22.830
Average................ 1. 142

After period.

First suhpcriod:
''otal.................... .
A verage...............

Second sub)period:
Total..................
Av e rage............... .

Entire after period:
Total.................

5.278
1.056

a5. 43.5
1.087

10.713
A v(rage.................. 1.071

1.857 9.320 11.177 15.37
.186 .932 1.118 .......

. S87 4.374 :.261 14.33

.177 .875 1.052 .......

.745 4.530 5.275 12.99

.149 .906 1.055 .......

.805 4.509 5.314 14.43

.161 .902 1.063 .......

.678 4.289

.136 .838

3.115 17.702
. 1i6 .885

.839 4.118

.168 .824

a.35.5 a 4. f89
.071 .818

1.194 8. 207
.119 .821

77.12 92. 49 .908
........ ........ .091

70.65 84.98 .930
........ ........ .186

78.97 91.96 .461
. . . . . . . . '. . . . . . . . 0 9 2

80.82 95.25 .265
-......- ........ .053

4.967 12.7 3 80. 5 93.29
.993 ....... ........ ........

20.817 13.64 77.54 91.18
1.041 ....... ...............

4.957 15.90 78.02 93.92
.991 ......................

4. 444 6. .53 75.23 81.77
.9 .......................

9.401 11.15 76.61 87.75
.94(1 ........ ..............

.0

.0

5.00
1. (10

7.50
1.50

10.00
2.00

. 357 .0

.072 .0

2.013 22.50
.101 1. 13

.321 .0

.065 .0

.991 .0

.198 .0

1.312 .0
.131 .0

a Daily average added to comttplctc record.

1214
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BENZOIC ACID AND BENZuATES.

T'AHILE t.1. -Silphur balattenufor Siris 1VIII- 'iltinued.

[Averages are per day.]

No. 7.

1 4 .5 6 8 9

Period. In
food.

Fore period.

First subperiod:
T ota l............. ....
Average .........

Second subperiod:
Total...................
Average..............

Entire fore period:
Total................
Average..............

Preservative period.

Grams.
.5.715
1.143

5.332
l.Of i1

11.047
1.10.1

In In
feces. urine.

Gra ms.
0. .529

.106

.548

.110

In feces
anl1

urine
(2+3).

Grams. Grams.
4.423 4.952

.885 .990

4.576
.915

1.077 8.999
.108 .900

5. 124
1.025

In
feces
(2÷1).

In
urin
(3=1

In feces
and1 Bal-
rie ance

). urine (1-4).(4=1).

Pt'r t. Per (t. Per ct.
9.26 77. .39 86.fi5

10.28 85.82 961.10 +
. . . . . .. . . . . +

10.076 9.75 81.46 91.21
1.0083 ....... .... -... ........

Gra ms.
+ 0.7hfi3
+ .153

. 208

.0 141

.971

.097
-

+

First suhperiod:
Total..................
Average..............

Second suleriod:
Total...................
Average...............

Third subperiod:
Total.................. .
Average...............

Fourth suhiperiod:
Total.................
Average................

Entire preservative period.
Total................
Average...... ..

AJtr period.

First suhperiod:
'Total...................
A verage................

Second suhperiod:
Total................
Ave rage................

Entire after period:
' ot a I...................
Average................

5. 598
1.120

5.345
1.0619

:i. 3(1
1. 1117

4.958
.992

21.737
1.087

4. 2Ih
.!I963

4. (7611
.935

9.502
.95 41

.543 4.:5i4

.1(1! .913

.fi37 3.987
.127 .797

.435 3.796

.087 .759

.4861 4.464

.097 .893

2. 101 I6.x11
.105 .841

. 5c j

.115 .721

i. 107 !.70 81.53 91. 2:i
1.021........ ........ ....... -

4. f24 11.92 74.59 Sti.51 +
.925 ....................... +

4.231
.846

i. 45 (15.04

4.950 9.80) 90.04
.!!0 ....... ....... 

.491

.(09

.721

.144

72.50 + 1.60o5I
.. . . .+ .321

99.84 + .008
....... -r .01121

18.912 9.67 77.34 87.00 + 2.25
.94 :..................... + .141

4.180) 11.96 74.6611 8i.61 + . 646i
.x:31 ......- ........ ........ + .1.2 1

.747 3.99th 4.743 1.98 85.416 101.43 -
149 799 .949 ....... ........ ........ -

1.324 7.599 x. 923 13.93 79.97 93.!1 +
.132 .7111 .No' ....... ........ ........ +-

.*tii

.114

.579

.058

1215

Sodium
henzo-
ate ad-
minis-
tered

(ca lcu-
lated as
benzoic
acid).

Gra m.
I.0

.1

.(

.(I

.0

.1

4.00
.!1

7. 50)
1. 0

10.00
2.00

(i.50
1.30

2.!0
1.45

.0
.(

.1

.0

.0

.0



INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE L.-lSulpthur blancesfor Series 1 YII-CoiItillied.

[Averages are per day.]

No. R.

1 2

Period. In
food.

Fore period.

First sub)period:
Total..............
Average..........

Second sublperiod:
Total...............
Average...........

Entire fore I)er(iod:
Total.............---
Average............

Preservatire period.

First subperiod:
Total.............
Averag'............

Second suhperiod:
Total.............
A verage...........

Third suhperiod:
Total................
Averago............

Fourth suhperiod:
Total................
Average.............

Entire preservative perio
Total............
A v ragi'........

Afirr perirxl.

First sIub)period:
Total..............
Av erag........... 

Second sutp'riod:
Total........ . ....
Average........... .

Entire after period:
Ttotal......... .......
Averag... .....

Grams.
5.357
1.077

i. 185
1.037

10. 572
1.057

5.:378
1.07(1

5. 031
1.(x)7

5. 089
1.018

5. 036
1.x)7

In
feces.

Grams.
0.818

.164

.324

1. 112
.114

.810

.162

.690

.138

.6181

.136

.773

. 1:5)

3 4 ."5,

In
urine.

Grams.
4.133

.827

In feces
andi

urine
(2+3).

Grams
4.951

.990

4. 132 4. -156
.826 .891

8.265 9.407
.826 .9-11

4.373 5.183
.875 1.037

S.252 4.9.12
.850 .988

4. 113
.822

4.047
.809

... - 3."i7 2.954 16.7815

... 1.027 .148 .839

..- I . ! .151l .812

.. .89l .781 4.182

9.!79 1.57
.988 .154

.s36

8.256
.826

4.79-t
.959

4.820
.964

19. 739
.987

4. 830
.9tifi

4. 963
.993

!.793
.979

In
feces

(21).

In
urine
(3-1).

Per ct. Per ct.
15.18 76.72

6.25 79.69

In feces
and

urine
(4=1).

Per ct.
91.91

85.941

10.80 78.18 88.98
---.--- --.--.... _...--..

15.06 81.31 96.37

13.71 84.47 98.17

13.38 80.82 94.20

15.35 80.36 95.71
81... . 73.. . 11.. + .

14.38

15. 16

I
t

(1

8 9
Sodium
l)CHZO-

ate
3al- admiln-
nce istered
-4). (calcu-

lated as
benzoic

Grams.
+0.436
+ .087

+ .729
+ .146

+ 1. 165
+ .116

+ .195
+ .039

+ .092
+ .019

+ .295
+ .059

+ .216
+ .0-13

81.73 <(.11 + .7-1
..... ...... + .(11

R 1.68 96. v: + . 1:8 i

1..97 8.5.50 101.47

15.56 83.57 99. 13

+ . 0.1

- .072
-.015

+}- .(Si6
+ .(0)9

i

314.90
1.75

.0

.0

.0

.0

.0
.0

a Daily averagEs al(I'd(Jd1d to (compl'tI' reorl.

1216

acid).

Grams.
0.0

.0

.0

.0

.0

.0

1.90
.98

7.150
1.50

10.00
2.00

12.:0
2.;0

.



BENZOIC ACID AND BENZOATES.

TABLE XIV.-Sulphur balances for Series 1'TII-Cuntiniued.

[Averages are per day.]

N 0. ).

1 2 :3 4 .>

In In In feces In

food. fecefeces. urine. urine (9
(2+3). (2

6 7

es
1).

In
urine
43+1).

In
feces
and
urine
(4=1).

8 9
Sodium
lenzo-
ate ad-

Bal- nin1is-
ance tered

(1-4). ; (calcu-
lated as
benzoic
acid).

Fore period.

First subperiod:
Total.................
Average-........-......

Second subperiod:
Total ...................
Average................

Entire fore period:
Total.................
Average.............

Preservatire period.

Grams.
fi. 11i8
1. 234

:i. 956
1. 191

12. 124
1.212

Grams.
0.514

.103

.550

.110

1

First sulperiod:
Total................... 6.074
Average.............. 1. 215

Second subperiod:
Total.................. 5.928
Av ertge ................ 1. 186h

Third subperiod:
To( tal..................a. 861l
Average................i 1.172

First. second, and third
sub1l)wriodls:

Total.................17. 863
Average................ 1. 191

After period.

First subperiod:
Total..................
Average................

Second subij'riodl:
'Total.................
Average............... .

Entire after period:
Total........... ..
Average..............

5. 713
1. 1i3

5.1i97
1.139

11.410i
1. 1411

Grams. Grams. Per et. Per ct. Per ct.
a 4. 832 5. 346 8.:33 78.:34 8til 7

.96ti 1.06i9 ..... . ........ ........

4.753 5.303 9.23 79.80 89.04
.951 1.0il ....... ........ ........

Grams.
0. 822

.115

.tiS3

.130

.064 9.585 10.1i49 8.78 79.06 7. 83 1.475
.10ti .958 1.015 ............... ........ .147

.259 a 4.840 5.119 4.26 80.01 84.28 .9:i.

.052 .972 1.024....... ........ ......... .191

.504 4.4114 4.9tis 8.50 75.30 83.81 .9ti0

.101 .893 .919'4 ....... . 192

.232

.046
5.219
1.044

5.451 3.91i 89.05 93.00
1.090 ....................

Grams.
0.0
.0

.0

.0

. 11

.u

4.90
.98

7..0
1.:,0

.410 10.1Ki

.08 .00

.995 11.543 15.538 5..7 81. 41 Nti.9S 2.325

. Oli .970 1.034) . ..... ........ .. 1...... .1 5i5

.

.5i03

.101

.6i96

.139-

1.199
.120

4. 919
.984

4.810
.942

.. 422 8.73 .i : 94.08
1 081. ~i .......

5.506 12.22
1. 101.......

9.729 10.928 10.4ti
.973 1 03 .......

84. 43 91. 65
........ ........

.191

.038

.532
.053

22. 40
11.12

.1

.0

.(

.0

.0

.0

a Daily average added to complete recort1.

1217

Period.
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IN FLU'EN('E ()F FOOD PRESERYATIVES OX HEALTH.

TA.BLI: XIV. -Sulphur balances for Serics 1"7II-('ontinued.

[Averages are per day.]

No. 1(0.

1

In
food. fe

2 3 4 5 6 ( 7 X

S CdiumI
I ibenzo-

i In feeis inIn feces B ct ad
Inan minis-

cs. urine,. uine feces urine urine aince teredI

(.+3). (2=1). (3=1). (1-4). (calc-lated us
benzoic
acid).

First subperiod: Grans.
Total.............-----.- ti024
Averag..................1.203

Second subIperio(I:
Total................... .. s
Average...........----- 1.180

Entire fore p>eriodl:

total.........-......... 11.9'3 .91,41
Av. erage...............- 1.192 . 096i

Preserrat tre JeriodI.

First subperiodl:
TIotal..................
A verage...... ........-

Second subperiod:
'Total... ............
Av'erage.............

Third subperiod:
'Total...................I
Av erago.................

Fourth sub~pcriodl:
'Total ................... I
Average.............

Entire preservative pe(riod:
'T otal.................. 21.:311
A verag................1.tl

A/tr period(.

First shluperiod:
Total..................
A verag..............

SPcond sI1Ihp)(riod:
'Total.... ..............
Average................

3.717
1. 143

. 1 

.92

Entire after period:
Total.................. 10.1628
A verage................ 1.0ti3

ti. 093
1.219

:i.733
1. 131

3. 134
1.027

Grams.
0. hIi1

.122

Grams.
3. 8il1

.772

Grams. Per <t. Per <t. Pe r<t.
.472 10.14 (-.09 74.24
.894 . . . . . . . . . . .

.3:i3 3. 812 4. 195 I

.071 . 71i .839 .

7.703 2S. ifi7
.770 .8ti 7

.312 ' -. 394

.0462 .479

.899 a 4. 231i

.180 .847

.43i9 3. i5i

.092 .711

4.3:19 393 u3. 244
.872 . 079 . (19

2. 063
.103

15. 429
.771

4.706
.941

i.135
1.027

!.99i (3. 14 71. 13 1.703
.... . .. .... .341

Grams.
1.352
.311

4.0<1 (i-4. lit i'. 70 3.2:55
...... ... . . . 1.:32

1a.12 72.09 77.21 1.389

15.113 73.113 89.211
. . ...

4.014 8. 94 19. 24 78. 18
.803 ....... ........ ........

3. i37
.727

17.492
.875

9.02

9. 67

.619 3. 74 1. 2 3 10.8:3

.121 .735 .i8i9......

. 3(i

. 127

1.255
.12(1

3. 65-1 #. 290 12.9:i

7-1. 42 83. -14

72.30 81.96

(1.21 7:.0<

71.40 87.35
.731 .85 ...................... I

7.328 8.'i83 11.81 (18.9: 80.71
.733 . 88. ....... ..............

.278

. (1lS
.124

1. 120
.224

. 72",
.1-13i

1 .121
.284

.621
.124

2. 0I
205

Grams.
0.0

.0

.0

.0

.0
.0

4. !()
.9S

7.30
1.3i0

8. 0()
1. l40

.0

.I

20. !0
1. 02

.0

.0

.0

.0

.0

.0

a Daily coverage tddEdl( to emnIplele reco(rdi.

V

121

Period.

Fore period.

I

....... ........ ........



BENZOIC ACID AND BENZOATES.

TABLE XIV.-Sulphur balances for Series VIII-C Utin ued.

[Averages are per day.]

No. 11.

Period.

Fore period.

First subperiod:
Total.................--
Average.................

Second sub Iperiod:
Total ...................
Average..............

Entire fore period:
Total.................
Average.............

Preservative period.

First subperiod:
Total...................
Average............

Second subperiod:
Total.................
Average.............

Third sublxriod:
Total .................
Av~erage.................

Fourth suibp1eriod:
Total...................
Average................

Entire 1reservative period:
'Total..................
Average.............

After period.

First sulperiod:
Total...................
Average.................

Second sulpIeriod1:
Total...................
Average................ .

Entire after period:
T otal . ................. 12. 94
Average................. 1.295

2 3 4 :

In feces In
In In and feces

feces. urine. urine (2 1).
I(2+3).

i 1

In
food.

Gram. .
fi.907 |,
1.381

f;.fs92
1.338

13.599
1.360

i.985
1.397

6.433
1.287

6.731
1.346

5.994
1.199

21. 143
1.307

f,. 583
1.317

i. 3i3
1.273

Grams. Per ct.
5.ti33 fi.44
1.127 ......

5.048 7.16
1.010 ......

9.757 10.6181
.976 1.068

.731 5.356

.14ti 1.071

.670

.134

.432

.086

.596

.119

4.655
.931

5.437
1.087

5.241
1.048

2.429 20. fiS9
.121 1.034

.648 5.027

.130 1.005

.574 5.223

.115 1.045

1.222 10.250
.1 2 1.(r25

6.087

6.79

10.47
1.217 .......

5.325 10.42
1.065 ......

5.8ti9 6.42
1.174 .... ..

5.837 9.94
1.1 7 ...... 

23.118
1. 15ti

9.29

5.675 9.84
1.135 ......

5.797
1. 160

9.02

11.472 9.44
1.147 ......

6 7 8 9
Sodium
benzo-

I n fees' :te
In In feces Bal- admin-

urine ance istered
(3+1). (41) (1-4). (calcu-

lated as
benzoic
acid).

Per Ct.
75.11

Per ct.
81.55

Grams.
1.274
.254

ti8.28 75.43 1.ti44
"-...... -....- . .'328

71.75 78.54 2)

76.6f8 87.14

72.3ti 82.78 1

80.78 87.19

87.44 97.38

79.14 88.43

76.3t6 8t.21
........ ........ I

82.08 91.10

79.18 88.il 1
........ I........

.918
292

.898
.180)

.108

.222

Grams.
0. 0
.U

.0

.0

.0
.0

4. !NI
.!I

7.:,4
1.50

.86*2 10.00

.17' 2. (M)

.157 2.50

.0)32 .50

025
.151

.182

. 5t it i

.113

.474
.148

24. !)
1.25

.0

.U

.0

.0

.0

.0

1219

Grams.
0. 445

.089

.479

.09ti%

.924
.092

Grams.
5. 188
1.038

4.569
.914



1NFLIENCE ()F FOOD PRESERVATIVES ON HEALTH.

TABLE Xl V. -Stl phur balances for Series III-Con tillnued.

[Averages are per day.]

No. 12.

3 4

In feces
In al

urine. urine
(2+3).

f
(2

: 6 7 8 9

Sodium
1)e1iZO-

In ate ad-
In In feces Bal- inis-

'ces urine and ance termed
=1). (3=1). urine (1-4). (calcu-

(4=1). lated as
I enzoic

acid).

Fore period.

First suhperiod:
Total...............
Average . ...........

Second subiperiod:
Total................
Average.............

Entire fore period:
Total.................
Average. ........ ..

Preservative period.

First sulhperiod:
Total...............
Average .............

Second subperiod:
Total.................
Average . -.............

Third sub~period:
Total..................
Average ..............

Fourth subperiod:
Total.................
Average...............

ti. 901
1.i380

(i. 807
1.:3t1l

13. 708
1. 371

7.002
1. 400

6.599
1. 320

(i. 3(iG
1. 273

5. 354
1. 071

Entire preservative period:
Total.................25. 321
Average.......... ... 1. 266

After period.

First subperiod:
'Total..................
Average .............

Second subiperiod:
To)tral................
Average ..............

5. 742
1. 148

5. 523
1. 105

Entire after period:
Total................... 11. 2
Average ............... 1. 126'

0. 577
.115

.545

.109

1. 122
.112

.583

. 117

.498

.100

. 526 i

. 105

GTaIs
4.507
.901

Grams.
i. 084
1. 017

4. (0i 5. 150
.921 1.030

9. 112
.911

5. 277
1.055

4. 882
. 976

4. 925
. 985

10.234
1.023

5.860
1. 172

5. 380
1. 076

5. 451
1. 090

.808 4. 146 4.9:54

.162 . 829 9.91

2. 415 19. 230
.121 .9ti2

21. 645
1. 0)82

.!\84 4. 195 4.779

. 117 . 839 . Witi

.594 4. 199 4. 793

.119 . 834 .959

1. 17M 8.394 9. 572
.1 .839 .957

Per cI Per <t.
8.36 65.31

8.01 17.65

8. 19 66.47

8.33 75.36i

7.55 73d.98

8. 26 77. 36

15.09 77.44

9. 54 75.94

10. 17

10. 7(

73. 0(

7(. 03

10. 46 74.51

Per <t.
73. 67

Grams.
1. 817
. 363

75. (6 1. 157
........ .:331

74.6i6 3.474
.34s

83.69

81. 53

85. 62

1. 142
. 228

Grams.
0.0
.0

.0

. I0

..(
.(1

4. !K)
. 98

1. 219 7. 50
. 244 1. 50

. 91 5 10. 00
183 2. 00

92.53 .4(0
........ . 080

85.48 3.676
.184,

83. 23 .913
........ . 192

8i.78 .730
........ . 146

84.97 1. 693
....--. . 169

1220

1 2

Period.
In food. In

feces.

Grams. Grams.

.0

.0

22. 40
1. 12

.0

.0

.0

. )

.0

.(1

ai



BENZOIC ACID AND BENZOATES.

TABLE XIV.-Sul phur balances for Seris 1TII-Continued.

SUMMARIES.

[Averages are per man per day.J

No .. 1 Ind I -.

1221

1 2 3 1 .> 6

Period.

Fore period.

First suiperiod:
'Total..................
A verage...............

Second subiperiod:
TIota l .. . ..... .. .. . .. ...
A verage...............

Entire fore period:
TFotal................
A veruge..............

Preserratire period.

First subperiod:
TIotalI...................
A v(erag.................

Second sulhperiod:
'I'otal.................
A verag.................

'fThirdl subpe, riodf:
TotalI...................
Average...............

Fourth sub~prriodl:
Total...................
A verag.................

E~ntirre preservautiver period:
Total...................
Average.............

In feces In InIn In In In feces urine
food. feces. urine. urine (f. r (i _)

(2+3). (2-1 3+1

Grams. Grams. Grams. Grams. Per ct. Per ct.
11.427 0.7:35 8. 822 9.557 .43 77.20
1.143 .074 .882 .95ti ....... .......

10. 517
1.057

21.994
1. 11)

10.93 is
1. (196

1U. :13
1. (134

10. 417
1. 042

10. 430
1. 143

42. 141i6
1.0354

.A/lt r period.

F first subpl~erioI:
Total................... 110. 13.
A verag. ................ 1.1114

Second sIbperioI:
To talI................... 9. 937
Xveraig....................994

Entire after period:
Total................... 20.0(72
Average................ 1.014

In feces
and
urine
(4=1).

Per ct.
,'3. 64

l3al- 13enzoic
Banc acidance , admin-

(1-4). istered.

Grams.
+1.s70
+ . li

Grains.
11. U
.U

. 856i 9. 781 10. 1137 8. 10 92. 5ti 100. (li - .070 . 0

.086i .978 1.01;4 ....... ........ ........ - .007 .U

1.591
.079

18. (03 20. 194 7.23 84.58 91.82 + 1.80 )
.930 1.010 ........................ + .090

.874 9.3!3 10. 267 7. 97 85.1 8 93.li

.0s7 .939 1.020 ....... ................
+ .i4i;
+ .070

.30 9.013 9. 743 7.06 s7.'20 94.26i + . 593
.073 .901 .974........ ......... .......... + .01MA0

.85( 8.971 9.827 8. 22 8. 12 94.34

.08th .s97 .983........ ........ ........

.737 9.013 9. 770 7. 26 t6. 41 93. ii7

.076i . 901 .977 ....... ........ ........

. 217 36. 390 39. 607 7. i3 8ti. 34 93. 98

.(80 .910 . 990 ....... ........ ........

.918 !. 006 9. 944 !. 26 8.Ni !I9 . 12

.194 .901 .995........ ........ ........

+ . i90
+ .059

+ . lii0
+ .06it

+2. 539
+ .004

+ .191
+ . 019

.4. : 8.1.,3 8.928 7.80 82.05 9.s5 +1.0( 0M

.07N .815 . s93 ....... ........ ........ + .101

1. 713 17. 159 1.872 8.53 85. 49 94.02 + 1.200)
.01i . 5 .!44 ............... ......... + .00 

.0

.0

10.00
1.00

15. 00
1.:;0

20. 00
2.00

'.i. IN
2..0

70. (N)
1.75

.U

.0

. 0

.0

.0

.0

3
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1 2 3 4

In feces
In In In anti

food. feces. urine. urine
(2+3).

3 6

In
feces

(2÷ 1).-

In
urine
(3- 1).

7 8 9

In feces B Hl Benzoic
and ance acidl

urine (1-4d)in-
(4=1). istered.

Fore period.

First subperiod: Grams. Grams.
Total...................29.490 2.536
Average................ 1.180 .101

Second sub)period:
Total................... 27.347 3.012
Average................ 1.094 .120

Entire fore period:
Total.................
Average...............

P'reservativie period.

First subperiod:
' otal...................
A verage...............

Second suhperiod:
'Total................
AX verage...............

'hird sulperiod:
TFotal................
A verage...............

First, second, and third sub-
p~eriod1s
Tlotal..................
A verage...............

afterr period.

First subhperiod:
'Total...............
Ave rage.............

Secvonid suiperiod:
'I otal..................
Average...............

E ntire after period:
T otal..................
A verage.............

5(i. 837
1.137

28.787
1.1:,1

27.243
1.09)

27.4117
1.099

83.497
1.113

25.811
1. 032

25.881
I. 035

Il. G6r2
1.0I 34

5.548
.111

Grams. Grams.
21.655 24.191

.866 .9(8

Per et. Per et.
8.60 75.43

23.337 2(1.349 11.01 86.34
.934 1.054 ....-....

44.992 50.540 9.76 79.16i
.900 1.011 .............

2.997 22.8:32
.120 .913

25.829
1.033

10.41

2.796 22.9:32 25.728 10.26
.112 .917 1.029 .......

3.045 22.8(11
.122 ,914

8.838 68.625
.118 .915

3.179 21.(12:3
.127 .8(15

2.206 20. (i60
.0188 .821i6

25. 906i
1.0311

79.31

84.18

11.09 83.23

7.463 10.58
1.033 .......-

24.802
.992

22.866
.914

Per et.
82.03

Grams.
5. 299
.212

96.35 .998
....--. .040

88.92 '1.297

89.72

94.44

94.32

Grams.
1.0
.0

.0

.0

.0
.12l6 .0

2.958 25.00
.118 1.00

1.515
.0il

1.5(11
.063

82.19 92.77 6.034
. .. . . .. - -- --- -. . .080

12. 12 83.77

8.52 79.835.... Fi....4)..:

96i.09

88.3:

i..5 42.283 47.1i118 10.42 81.80) 92.22
.1 1S .8 4 11 .95 4 .. . .. . . . . .. . . . . .. . . . .. I

1.009
.040)

3.015
.121

4.024
.08 Otl

37.50
1.50

48.00
1.92

110.50
1.47

.0

.0

.(

.0

.0

.0

INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XIV.-Sulphur balances for Seribs ITII-('c<ntinued,

SUMA lRI ES -Continued.

[Averages are per uman per day.]

Nos. 1, 2, 4, 5, and G.

Period.



BENZOIC ACID AND BENZOATES. 122

TABLE XIV.-Sulphur balances for Series YIII-tuntinued.

SUMMARIES-Continued.

[Averages are per man per day.]

Nom. 7 to 12.

1 2 3 4 3 6 7 8 9

Period. In
food.

Fore period.

First subperiod: Gramins.
Total................... 37.102
Average................ 1.237

Second subperiod: i
'Total................... 35.87(
Average................. 1. 191

Entire fore period:
Total...................
Average...............

Ireservative period.

First subperiod:
'Totaul.................
Av - raga. .......... .

Second subperiod:
Total..................
Average...............

'Third sub~pcriod:
Total...................
Average...............

72.972
1. 216)

37. 132
1.238

35. 092
1. 170

35.017
1.167

In
feces.

Grams.
3. 494

.116

In
urine.

In feces In
ani feces

urine fees
(2+3). -.- 1).

In In feces
Inand

urine urine
(3+1). (4+1).

Grams. Grams. Peret. Per ct.
21.944 30.438 9.42 72. 12

.898 1.015 ....... ......

Per ct.
82.04

2.799 21. 477 29. 271 7.80 73. ti i. 1i?
.093 .88.3 .97 .................- "--

t6.293 53. 421 59. 714 8.l2 73.21 81.83 1
.105 .890 .995 ............ "........

3.238 28.824 32.0(62 8.72 77.l3 I 86.35
.108 .911 1.0619 ..... 

3.898 26.4716 30.374 11.11 75.45 ti.5t
.130 .883 1.012 ......................

2.7t5 27.045 29.810 7.9!0 77.23 5 .13
.092 .902 .994 ....... ....... ......

lal-
ance

(1-4).

Gram.
(i.li i4

.,2,.,

Sodium
ten zo-
at" ad-
minis-
tered
calcu-

h1 ed as
benzoic
acid).

Gram .
0.0

.0

i. 5914
2 '0

3.258
.221

.0

.0

.0

.0

5.070 29.40

4. 71 K 4.00(l
.l1s 1.50

5.207 rs.oo
.173 1.93

First, second, and third
snlp;e riods:

Total.................. 107.241
AXverage..................1. 192

After period.

First subperiod:
'Total................. 33.619
AXverage................ 1.121

Second snhiperiod:
'Totlt ................... 32. 0il
AXverage............... 1.0i9

Entire after period:
Total--........ .... 65. 6180
Average..........1.09'r

9.901
.110

82. 345
.9261

92.24(i 9.23 76.78 8ti.02
1.025 ....... ........ ........

3. I87 25. 492 29. 179 10.97 75.82 8.79
.123 .3.) .!73 ...... ........ ........-

4.(r28 26.6i4 30.012 12.56i 81.29 93.86
.134 .869 1.0013 ................ ........

7.715 51. 556 59.271 11.75 78. 50 !0.24
.I129 .859 .988I

14. 99.
.11i7

4. 440
.14

1.9119
.06611

(i. 49M
.107

132. 40
1. 47

.0

.0

.0

.0

.0

.0

?3
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1 2

Period. In

food.

Fore period.

First suhperiod: Gra ins
Total................... ( .i 592
Average--------------- 1.211

Second sulbIeriodl:
lot al-------- --------- 6 (3.217
A verage................ 1.149

Entire fore period:
Total.......... ....... 129.809
Average............... 1.180

Preserrat ire period.

First sub)period:
'Total................. (i.919
Average............... 1. 199

Second suibperiod:
Total.................. G2.33:i5
Average................ 1.133

Third suhperiod:
Total................... 62.484
Average................ 1. 136i

First, seco()nd, a nd third
snhperids:
'Total.................. 190.7:38
Average................ 1. 15

After period.

First subpI)erio:
TIotn)l...................!;9. 430
Average................ 1.080

Second sIlperiod:
'Total.................. :.7.942
Av 'erage................ 1.1.33

Entire after period:
Total.................. 117.:372
Average................ 1.0 17

In
feces.

.Grain.
i.030
.110

.5.811
. 10

11.841
.108

6( 235
. 113

( . (.94
. 122

5. 810
. 101

18 739
.114

1i. 81i6
.125

6i 234
.113

13. 100
.1 I S,

In
urine.

Graims.
48. 599

.884

49 814
. 90i

98. 413
. 89:i

51. fiib
.9:9

49. 408
.898

49.901i6
.9(17

41 5 6 i 8 9
P re-

In feces I I n feces

and feces urine urineurine (2+ . 1). (3÷1). uri
(2+3). (41)-

Grains. Pe'r t.
54.1629 9 06

. 994

55. (25
1.011

9 19

110 254 9 12
1.)3 . ...

:17.891
1.052

i6i. 102
1.020

.55. 716
1.013

1.50. 970 ll9 709
.915 1.029

47.115

Ii 72-1
. 0 5)

!i3.981
.982

52. 958
.91i63

93.839 I0l 9:9
853 . 97'

9 4(i

10.74

9.20

9 82

11. 55

10. 7(6

11.16

serva-
Bal- tivecal-
ance culated

(1-4). as ben-
zoic

acid.

1cr t. 'er t. Grams.
72.98 82.04 11.903

------- . . . . . -. - .2 17

78.80 87.99 7.592
- - ". . .. . . .. -. . . . 13 8

75.81 84.93 19. 555
- -"- - - . - - - -". . . -. . . 17 7

78.36 87.82

79 26 90.00

79.87 89.17

79. 15 88 97

79 28 91 83

80 64 91.41,

79 9 91.11

8.028
.147

(6 233
.113

(6 718
.123

21.029
.127

5. 419
.lN

1 984
. )91

10 433
.095

Grams.
0.0
.0

.0

.0

.0

.0

54. 40
.99

82. 50
1.:0

106 00
1.93

242 90
1.47

.0

.0

. 1

.0

.0

.0

FAT BALANCE.

.1' ,. I .
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INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XIV.-Sulphur balances for Seris FIIl--Conitinued.

SL- liARIES-Continued.

[Averages are per man per day.]

Nos<>. 1 toc 1'., <oznit tin; No>. ;;.

I



BENZOIC A('ID AND BENZOATES.

there sells to be a very slight tendency On the >n;irt of the benzoic acid
to increase the percentage excreti)n of the fat, notwithstanding the
decrease in the amount ingested.

A"r. '.

In the case of No. 2 the influence Imianifested on the part of the pre-
servative in inlibiting the (ligestion anId absor)tion of the fat is much
more marked, the quantity in the feces having increased 1.0;) gri'ams
in the p)reservative period despite a decrease in amount ingrested of
3.68 grams, and this increase (loes not entirely dis appear in the after

perio(l, though the amount ingestedi again decreasess 6.81 grams. Ex-

presse(d as5 percentages of the fat ingeste(l, the aim)unts found in the
feces for the three periods are 4.39, 5.45, and 5.27, respect ivelv. ThI e

decreasee in tlie balan ce in1 tlie >reservat ive )erid)(1 is a1olut 1 rrain

greater than thle diecrease in amllunt ingest((1.

ThIe data for No. .3 11ow ani increase of fat in thl' feces (Idurj1inr the

preservatve periodI a l a very great decreasee in tlie after perio(dl,
while the amount ingeste( again dleci'eases greatly (106.44 grains) l)llt

increases in the after 1)eri)(o (7.89 rrams)' . Exl'essed in percentages

of the fat ingestedl, the quantities in the feces are 3.4:3, 4.18, antl 2.41

per cent, respect ivel v. Th'e v ariat i(n)lls in the balance co rreslOnd to
t 10 ' 111 lIll(est 1i1. Ill t his cas', t 11ee seellls to 1)e agan11 1 lIIy it t(n(-

enc oin the' paI't of tl' )('11zoic acid to ilnhil)lt tlt' Ime1't ab olisIII of fat.

_N" . .;

Tll' ata for No. 4 show a dIecreas(e( excretioln of the fait in the

reserve a tive and( after period(ls as minipare(I withI the fore I)eri( I.
IhE lu Iercelntiages of fat ingeste'd i apI peeringg in I the feces fOr the thIi ree

lu'riods are 3.7:3, 3.86, and 13.11, rel)uectivelv. Inl this case the
;i111 lll tl Of fl it in e1sf ('(I aff' 111110li S 1 r1111 O li l ill it li ' j)'Cce('l11lg It(ses

tl(I he ('('t'(';l(' slil ia I1'~l t l11 l!lio~lit , a 11(1 11 lit U bsorpt ill of t ille fat is

Il100 ('Oll1 )I('t(.

II1 1lie ciSe( of N .1 . I 1ere is 2111 ilcret1e 1 of t 1 ft0 i I 1i f0 es ill
I II' ireserval I ve Iefl (I of 0.1 ( 1 a ti ll ( ISO a li t i(tll(' ilse i1 tIh

e1rl00 J)eilll Wll ( li''d 1t 0e for(' jI'Ihll. 'l'i 1l)'(l'litiges of

fat ingested al)))Plig In I e feces alre :1. 78, -. :, il :.90, re)pec-

tiVe ". I'I 1cte is aigatill slight ilicrea1e ill 01t0'et011)11 1 lilllghi t1e
illuilltis ingested arff very s1111 I, alilI re~ia irkablv const ait, olecreiis-

Iillt a llt, i l l.,'" (( 2ill 1 (I ' 10 llollf i(IV '('f i l;l I\ ('111 W il l iltfti(it ":1 ' 1 1-
illi I I g1 alli ii tle 1 rsflr'itt iv. 1 erio.l ;itid being pract icti ll. tle

sai1lie in thle at ("t ('r 1 ('rlo (I.

1225?



1226 INFLUENCE OF FOOD PRESERY IIATIV ES ON HEALTH.

No. 6.

In the case of No. 6 there is a very marked decrease in the quantity
of fat appearing in the feces in the preserv-ative period, and this de-
crease becomes greater in the after period. Expressed in percentages
the amounts appearing in the feces are 5.98 per cent, 4.09 per cent,
and 3.25 per cent, respect-ively. The decrease in the balance through-
out is less than the decrease in ingestion. Ilere there seems to be a
strong tendency on the part of the preserve ative to increase the inetab-

olism of fat.
No. 7.

In the case of No. 7 there is a slight dininution in the quantity of
fat appearing in the feces in the preservative period and an increase
in the after period. Expressed in percentages of fat ingested there
occur in the feces 3.32 per cent, 3.07 per cent, and 4.56 per cent for
the three >eriods respectively. The decrease in the balance through-
out again corresponds to the decrease in ingestion. In tlus instance

there again appears to be a slight influence exerted on the part of the

preservative to increase the metaholism of fat.

No. s.

The data for No. S show a slight increase of fat in the fees in the
preservative perio(1 an(d an equal increase occurs in the after period.

xj)ressed as percentages of fat ingested there are found in the feces
2.87 per cent, 3.38 per cent, and 3.85 per cent, respectively, in the
three periols. The amounts ingested decrease very slightly in this
('ae, and there is al al)parent tend(en(V on the part of the oneerva-

tive to decrease slightly the assinmilat ion of fat.

In the case of No. 9 the quantity of fat in the feces is notaly-
(lUInIslluhe(d in the preservative lerio(l, while in the after period it is

ilcreasel to a larger (quantity than in the fore perio(l. Expressed as

fr1ei1tages of fat ingest ed there occur in t le feces 2.72 ipr cent,
2. 1 2 )er cent, an1 3.58 per cent f or tlie t hiree periods respect ivel".

Ih e 1)a lanices aind1 the aIo1ulnlts inlg(ested d('('Iee'(a se tIUrolughoullt. IheI
e(fect inl this case is not llarked, blt a slight ly greater assimnilat ion

of tlie fat und(eIr tlie influeniCe( of the p reser'ivatlive is in lIicauted.

No. 10.

No. 1O shio«s a slight increase in the (qlant it v of fat in the feces il
t le lo-eservavt ie period, al( I his inlcIrease 1 ('ult Iintiuel in I 1e after
Ieriod(. Expjlressedc as per(eltages of ft ingested there occar in the

fees :i.2 r n, . per en(it, and 1.15 per cent iIn tlie three
1)(riodls reluC tivelv. In this ease a slight inhilitioll of the fat

1110tal(1)lisll i il icate(.

1
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No. 11.

The data. for No. 11 show a notable increase in the quantity of fat

found in the feces in the preservative period, while in the after period
the amount is not so great. Expressed as percentages of fat ingested
there occur in the feces 2.04 per cent, 2.94 per cent, and 2.54 per cent
for the three periods respectively. These data show a slight tendenc-
on the part of the preservative to inhibit the ligestion and absorption

of the fat. The balance decreases in the preservative perio(l and
remains unchanged in the after period, which is a;lso true of the
amounts ingested.

No. 1?.

In the case of No. 12 less fat is found in the feces in the preserve ive

period than in the fore period, while in the after period there is an
increased quantity, but it is not so great as in the fore period. Ex-
pressed in percentages of fat ingested there occur in t he feces 8.57
per (ent, 3.09 per cent, ant} 3.68 per cent in the three periods respec-
tively. These data show a tendency on the >art of the benzoate of
soda to increase the absorption of the fat during the preservative
period(. The balances and amounts ingested show the usual relative
decrease t throughout.

SIMM ARISES.

The average act ion of the benzoic acid and the l)enzoate of soda

are shown in the sununary for Nos. 1, 2, 4, 5, and 6, and Nos. 7 to 12,

inclusive, including all the observations except those for the fourthI

preserv-at ive period, for which the data are irregular owing to the
Illness of the sulbjects. The data for Nos. 1, 2, 4, 5, and 6 show a
dimiunut ion of the actual (Iuantitv of fat in the feces duhiring the pr'(-
servative p )erio(d an Id a still furthIeir de(erease in the after perio( Id. TIhte
decree se in thle bal an ce is in abIaIii( st exact prop)O)()rt il to the dccrease
in1 amiiounits itgesteol as is shiowni also )V the percentage data, which
slow' that 8.9!) per cent 3. 0 per cett anlil :.(iN l)p 'cn of tle ilngested
fat ccur in the three w)Crio(Is respect ively. these dat a indica te that

the beizo) ic ceit(I tnd ('11ds to int('rEase very slighltly the absopt'j)t ion of fat
but the variation is so smllall and the variation in the ilividutal data
so wide t holt no l)osit ive conclusions c"tn h)e drawn.

The suntIIart' for Nos. 7 to 12, inclusive, shows a slight dimiinution
of the quilanit itv of fat ini the feces during the i)reservat ive )eri'iod; and
it lotal)le ilcfrease l le I lie laftel et)C io( , Wiloie le ai11111ts Iligested
d(C('leP lot goll t l it, I 10 dl'f'I lo Iliy g fl'iff Ill ll' c C iJ(Of p fltl.

E )ess 1 als )pf''(IltngEs (of flt 1Ilg st(I, It is s 1('1 I 11l1 1000 0i01'1lr

Ill t lie feces 2. j r ('(ltl 2.S8 1)0'!f C nt, Ulll :.f)i per Cill ill I 1i t ir1'l'

)erlods tFeslec'tiv'el . 'T es 10lt ( H l al ill h l s18l i t tell( c 000 tl
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the part of the )reservative to increase the (ligestibilitV and absorp-
tion of fat (uring the preservative )erio(l, while in the after period a
marked effect is p ro(uced of the opposite character, despite the
decrease in ingested fat.

Regarding the data as a whole, including the eleven men, it is
not iced that the quantity of fat in the feces flls from 3.48 grains
(lailv in the fore )eriod to 3.26 grams daily in the )reservative period ,
and rises again to 3.46 grams daily in the after l)eriod. The amount
of fat ingested decreases approximately 3 and 5 grans in the p)re-

servat-ive and after )eriods, respectively. Expressed as percentages
of fat ingested it is seen that 3.39 per cent is found in the feces in the
fore )eriod, 3.28 per cent in the 1)reservative period , and 3.67 per cent
iin the after period.

These (1ata sho w a very slight effect on the >art of the l)enzoi( aci(1
and l)enzoates to increase the digestililit\ and absorption of the fat
but that this effect is followed inl the after period by an increase in the
fat excreted, the percentage amount being sl ightl\ greater than in1 the

fore 1)erio(l. lhe data, therefore, are not conclusive, and it appears
that no notable effect is )(>lced1 by benzoic acid and benzoate of soda
upi)on the metabolism of fat.

Nos. 1 and 4, who completely the entire observation covering four
subperiods, show a sliglt decreasee in 1)Oth (luantitv and percentage

of fat excret edl in the )reseI\ative period, with an increase in the after

)erio(I, and the amiiiounts ingestedl decreasingg tIrouighout . It will )e

seen that practically the samlle efle(t is shown in this case as in tlie

larger su In Inaries, strengt heniing the c on(lusion i that the preservative

)ro(uces no delmonstrable eflfect upon tile metabolism of fat.

1' ">
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TABLE XV.-Fat balances for Series VIII.

[Averages are per day.]

No. 1.

1

Period.

Fore period.

First subperiod:
Total......................................
Average....................................

Second sulperiod:
Total.....................................
Average...................................

Entire fore period:
Total ................................
Average..............................

Preservativ"e period.

First subperiod:
T otal.............................. .........
Ave rage........................ .........

Second suibperiod:
Total................................
Ave rage........................ .........

'Third subpexriod:
Total..................................
A verage........................ .........

Fourth subperiod:
Total......................................
Average............................-.........

Entire preservative period:
Total...... .......................
Average............................

After period.

First sulperiod:
T otal.............................. ......... ,
A v rage .............................

Second subhperiod:
Total.......................... .........
Ave rage........................ .........

3

In food. In feces.

Grams.
557.39
117.48

592.25
118. 45

1,179.64
117.96

542.86
108.57

540.64
108.13

525.06
105.01

523.48
104.70

2,132.04
106.60

521. 61
104.32

536.97
107.39

Entire after period:
Total ........ .............................. 05.. 5
A verag '..................................... 105.86

Grams.
9.85
1.97

In feces
(2'?1).

Per cent.
1.68

16.25 2.74
3.25 .... _....

26.10 2.21
2.61 ........

15.20
3.04

10.08
2.02

16.06
3.21

9.28
1.86

2.80

1.86

3.06

1.77

50.62 2.37
2.53 ..........

14.85 2.85
2.97 ..........

14.57 2.71
2.91 .........

29.42 2.78
2.94 ..........

4

Balance
(1-2).

Grams.
577.54
115.51

576.00
115.20

1,153.54
115.35

527.66
105.53

530.56
106.11

509.00
101.80

514.20
102.84

5
Benzoic

acid
adm in-
istered.

Gra ms.
0.0

.0

.0
.0

.0

.0

5.00
1.00

7.50
1.50

10.00
2.00

12.50
2.50

2,081.42 35.00
104.07 1.75

506.76 .0
101.35 .0

522.40
104.48

.0

.0

.0

.0
1,029.16

102.92

";1:00- ull. s-I, let - 41 -1:;
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TABLE XV. Fat balances for Series TIII-Continued.

[Averages are per day.]

v ... 2.

Period.

Fore period.
First subperiod:

Total.......................................-
Average....................................

Second subperiod:
Total.......................................-
Average....................................-

Entire fore period:
Total................................
Average.....................

Preservative period.

First sulperiod:
Total.......................................
Average.................................

Second subperiod:
Total................................
Average................................

Third subperiod:
Total......................................
Average...............................

Fourth subperiod:
Total............- .........................
A verage.....................................

1 2 3

In food. In f~ces. In feces
(2-1).

Grams. Grams. Per cent.
592.34 23.52 3.97
118.17 4.70 .........-

1,

579.69 27.89 4.81
115.94 5.58 .-......

172.03 51.41 4.39
117.20 5.14 ..........

602.96
120.59

563.90
112.78

571.59
114.32

531.89
10G.38

31.97
6.39 ..

27.86
5.57 ..

30.66
6.13 ..

33.27
(i. 5 i .

5.30

4.91

5.33

6.26

4 5
Benzoic

Balance acid
(1-2). adiiiin-

istered.

Grams. Grams.
568.82 0.0
113.77 .0

551.80
110.36

.0

.0

1,120.62 .0
112.06 .0

570.99
119.2

536.04
107.21

540.93
108. 19

498.62
99.73

Entire preservative period:
Total.............................. 2,270.31 123.76 5.45 2,146.58
Averag................................. 113.52 6.19 .......... 107.33

After p~eriox.
First subperiod:

Total..................................... 533. 84 30.11 5.65 503.70
Average..................17..............106.77 6.03......... 100.74

Second subperiod:
Total....................................533.22 26.07 4.89 507.15
Average............ . ... . ------........ 106.(4 5.21 .......... 101.43

Entire after period:
'1total................................... 1,067.06 56.21 5.27 1,010.85
Av'rag................................... 106.71 5.621.............01.09

1230

. 00
1.00

7.50
1.50

10.00
2.00

2. ll0

.0

.0

.0

.0

.0

.0
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TABLE XV.-Fat balances for Series VII-Continued.

[Averages are per day.]

N0o. 3.

1

Period.
In food.

Fore period.

First subperiod:
Total............... ..................
Average..................... .............

Second subperiod:
'total........................................
Average.-....................................

Grams.
ti2..48
125.70

393.58
11~.72

2

In feces.

Grams.
20.90
4.1 5

20.96
4.19

3

In feces
(2-1).

Per cent.
3.33

3.53

4 J

Bc nzoic
Balance acid
(1--2 . adinin-

iste red.

Grams.
0;07.58
121..52

Gram .

572. t.2
111.53

.0

.0

Entire fore period:
Total..-................................... 1.222.06
Average........ ........................... 122.21

Preserrative period.

First subperiod:
1 Total...................................... fl 543

Average.................................. 123.71
Second subperiod:

Total.....................................- 4.00
Average...................................... 11t. 80

Third sulperiod:
Total...................................... 371.53
Average................................... 4.37

Fourth subperiod:
Total................................. 541.02
Average.................................. 10.20

Entire preservative period:
Total...................... .................. 2,115.41
Average.......................... 105.77

After period.

First subperiod:
Total ................................
Average.................................

Second sublepriod:
Trotal.....................................
A verage..................................

573.85
114.77

5(12.70
112.54

Entire after period:
rotal............. ...... ................ 1.131.55
Averag......................Il3.it ~

41.86
4.19

3.43

23.39 3.78
4.S ..........

25.95 4.44
5.19 ..........

10.0i 2.71
2.01 ........

29.00
5.80

SS.40
4.42

16.55
3.31

10.84
2.17

27. 39
2.7 1

1,180.20
11N.02

595.17
119.03

:53 . 05
111.1l

3''1.77
72.31i

5.36 512.02
..... .... 102.40

4.18
.......... I

2.88

1.93

2,027.01
101.35

557.30 .0
111.46 .0

551.81t .0
110.37 .0

2.41 1.109.Its
...... 110.9r2

.U

.0

5.00
1.00

7.50
1.50

1.00
.20

.0

.0

13.50
.-- 8

.0

.0
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TABLE XV.-Fat balances for Series VII-Continued.

[Averages are per day.]

No. -1.

1

Period.

Fore period.
First subperiod:

Total.......................................
Average-..................................

Second subperiod:
Total......................................-
Average...................................

2

In food. In feces.

Grams.
462.56
92.51

416.08
83.22

Grams.
18.07
3.61

14.72
2.94

Entire fore period:
Total................................... 878.64 32.79 3.73
Average.................................. 87.86 3.28 ........ _

Preservative period.

First suhperiod:
Total........................................
Average.................................

Second subperiod:
Total.......................................
Average--...........................

Third suhperiod:
Total.......................................
A verage-. .. . ..............................

Fourth suhperiod:
To>tal....................................
Average...................................

Entire preservative periodl:
1'otal.......................... ......
A verage..................

After 7eriodI.
First subperiod:

Total.......................................
A verage......... .........................

Second subperiod:
Total................................
Average...-..............................

Entire after period:
T"otal................................
Av~erage............... .

425.21
85.04

411.92
82.38

404.86
80.97

408.35
81.67

1,650.34
82.52

401.51
80.30

409.73
81.95

811.24
11. 12

16.67
3.33

12.75
2.55

12.46
2.49

13.54
2.71

3.92

3.10

3.08

3.32

5;.42 3.36
2.77 .........

13.96 3.48
2.79 ..........

11.27
.25

2.75

25.23 3.11
2.52 .........

845.85 .0
84.58 .0

408.54 5.00
81.71 1.00

399.17 7.50
79.83 1.50

392.40 10.00
78.48 2.00

394.81 12.50
78.96 2.50

1,594.92 35.00
79.75 1.75:

387.55 .0
77.51 .0

398.46 .0
79.70 .0

7'8.01
78.60

.0

.0

1232

3

In feces
(2-1).

Per cent.
3.91

3.54

4

Balance
(1-2).

Grams.
444.49
88.90

401.36
80.28

5

Benzoic
acid

adniin-
istered.

Grams.
0.0

.0

.0

.0

(
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TABLE XV.-Fat balances for Series VII-Continued.

[Averages are per day.]

No. 5.

Period.

Fore period.
First subperiod:

Total................................
Average..............................

Second suhperiod:
Total.......................................
Average...................................

Entire fore period:
Total.......................................
Average..............................

Preserrative period.

First suhperiod:
Total......................
A verage.. .... --..................... . . . . .

Second subperiod:
T otal........................................
A verage..............................

Third subperiod:
Total.......................................
A verage............. .......................

Fourth subperiod:
Total................................
Average..................................-

Entire preservative period:
Total...................
Average.............. ...

After period.

First subperiod:
T otal........................................
Average.................................

Second sulperiod:
T otal........................................
Average..............................

Entire after period:
Total....................
Average................

1 3

In food. In feces. In feces
(.2-1).

Grams. Grams. Per cent.
273.88 8.33 3.04
54.78 1.67 ..........

280. 51 12. 34 4. 40
56.10 2.47 ..........

554. 39
0. 44

296.92
59. 38

26i7. 21
5:. 44

275. 24
5J. 05

249. 29
49. Ni

1,088. t61
54. 43

282. 41
56. 48

2G0. 14
52. 03

4 5

Benzoic
Balance acid
(1-2). adnin-

istered.

Grams.
265.55
53 11

268. 17
3d. 63

20. 7 3. 73 533. 72
2.07 ...- 53.:37

12. 14
2. 43

4. 09

10.73 4.02
2. 15 ..........

11.70 4.25
2.34 .........

14.76 5.92
2.95 .........

49. 33 4. 53
2.47 .........

12.15 4.30
2.43 .........

8.99 3.4i
1. 0 . . . .

284. 78
56. 95

25i. 48
51. 29

263. 54
52. 71

234. 53
46. 91

1.039. 33
51. 96

Grams.
0.0

.0

.0

.0

.0

.0

5.00
1.00

7.50
1.50

i.00
1.60

3.00
.0

23. 50
1. 18

270. 26
54.0 I)

251. 15
0. 23

.0

.0

.0

.0

542.55 21.14 3.90
54.26 " 11...... 5150

521. 41 .0u
52. 15 .0
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1

In food.
Period.

Fore period.

First subperiod:
T total ...... ................................
Average.................................

Second sulbperiod:
Total--.....................................-
Average.....................................

Grams.
515. 42
103. 08

2

In feces.

Grams.
33. 49

6.70

490. 18 26.64
98.04 5. 33

3

In feces
(2+1).

Per cent.
6.30

5.43

Ba
(1

4 5

Benzoic
lance acid
- 2). adminn-

istered.

Grams.
481.93
9i. 38

463. 54
92. 71

Grams.
0.0

.0

.0

.0

Entire fore period:
Total....................... ........-.---- 1,005.60
Average........................ ....... 100.5ti

60. 13 5.98
6.01 ,........

9415.47 0
94.55 I .0

Preservatire period.

First subperiod:
Total.....................................
Average..-.................................

Second sulbperiod:
Total......................................
Av~e rag..................................

Third subperiod:
'1'ttal..................................
Av e rage.................................

Fourth subperiod:
Total..............................
A v rage.................................

Entire preservative peri l:
Total................................
Average.............................

After period.

First subperiod:
TI otal... ................................
Average...................................

Second subperiod:
Total....................................
A verage...................................

Entire after period:
Total..... .............................
Aye rage................

505.534
101.71

473. (9

94.74

4:34.:17
90.91

443.7 1
88.71

1, 880.37
94.02

4:;2. 7:
90. 5J

a 467. 16
93.43

21.43
4.29

15.49
3.10

22. (9
4.54

17. 31
3. 4(

76.92
3.85

4.21

3.27

4.99

3.90

4.09

19.97 4.41
3.99..........

a(9.9i
1.99

2. 13

919.91 29.93 3.25
91.99 2.99

4ti7. 11
97. 42

458. 20
91.(i4

431. .88
86. 37

426. 26
815.23

!5. 00
1.00

7. 10
1.50

10. 0(0
2.00

.0

.0

1,803.45 22.:0
90.17 1.13

.0

.0

.0

.0

432.78
\6.:6

4:17.20
91.44

889.9t
89. 00

.0

.0

a Daily average added to comlplete record.

INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XV.-Fat balances for Series III-Continued.

[Averages are per day.]

No. (.
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TABLE XV.-Fat balances for Series VIII-Continued.

[Averages are per day.]

INc(. 7.

S .

Period.

3

In food. In feces. In faces
(2..-1).

Fore period.

First subperiod:
Total.......................................
Average.......-...........................

Second subperiod:
Total-.......................................
A:verage......................................

Entire fore period:
Total........................................
Average.....................................

Preservatire period.

First subperiod:
Total-..-................................
Average...... .........................

Second suhperiod:
Total.................................
Average..................................

Third suhperiod:
Total...................................
A average. .....................................

Fourth subperiod:
Total...................................
A verage......................................

Entire preservative period:
Total.... ...........................
Average.............................-

After period.

Grams.
553.03
110. 61

520. 44j
104.09

Grams.
18. 57
3.71

17.09
3. 42

Per cent.
3.3;

3.28

4 5

Sodium
lenzoate
admrnin-

Balance istered
(1-21. (callcu-

lated as
benzoic
acid).

Gra ms.
534. 4ti
lOti. 90

Grams.
0.0

.0

503.37 .0
100.1l7 .0

1, 073. 49 35.1 ifi 3.32 1, 037.83 .0
107.35 3.57 .......... 103.78 .0

531 21 14 10 2 li3 522 11 4 90
107.24 2.82 .-.....

516.88 21.93 4.24
103.38 4.39 .........

533.77 14.34 2. 19
10(i.75 2.87 ..........

104. 42

494.95
98.99

519. 43
103.88

454.94 12.30 2.70 442.(14
90.99 2.4 ........... 88.53

2,041.80 62.67 3.07 1,979.13
102.09 3.14 .......... . . 98.95

.98

7.50
1.50

10.00
2.00

fi.50
1.30

28. 90
1. 45

First suhperiod:
Total................................
Average.................................

Second subJpriod:
T total ........................................
Av'erag..................................

Entire after period:
Total...............................
Average............................

495.51 22.05 4.45
99.10 4.41 ..........

418.22 19.59 4. t8
8:.t64 3.92 ........

913.73 41.1t4 4.5ti
91.37 4.16 .......

473. 4fi
94. 69

.0

.0

498.(i3 .0
79.72 .0

872. 09
87.21

.0

.0
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Period.

lore period.

First subperiod:
Total........................................
A average ..................................... ,

Second subperiod:
Total......................................
Average....................................

Entire fore period:
Total.......................................
Average....................................

Preserrative period.

First suhperiod:
Total................................
Average.................................

Second suhperiod:
Total....................................
Average....................................

Third suhperiod:
''otal......................
Ave rage.................................

Fourth suhperiod:
Total....................................
Average...................................

Entire preservative perio(1:
'Total1....................
Averag. ...............................

After period.

First subperiod:
Total ................................
Average.................................

Second SUbperiod:
'1'otal........................................
A verage............... ...................

Entire after period:
''otal................................
Average..... .......... .............

1

In food.

Grams.
365.95

73. 19

344. 16
68.83

710.11
71.01

364.21
72.84

344. 18
68. 84

352.05
70. 41

321.03
64. 21

1,381.47
69. 07

346. 64
G9.33

340.21
68.04

3

In feces
In feces. (2-1).

4

Balance
(1-2).

5

Sodium
benuzoate
adIin-
istered
(calcu-

lated :s
benzoic
acid).

Grams. Per cent. Grams. Grams.
15.51 4.24 350.44 0.0
3.10 .......... 70.09 .0

4.88 1.42 339.28 .0
.98 ..... ... 67.85 .0

20.39 2.87
2.04 ..........

12. 57
2.51

10. 10
2. 02

10.09
2.02

13.95
2.79

4(i.71
2.34

13.21
2.64

13.22
2.64

68(i.85 26. 43
68. (8 2. G4

3.45

2.93

2.87

4.35

3.38

3.81

3.89

3.85

689. 72
68.97

351. 64
70.33

334.08
66. 82

341.96
68.39

.0

.0

4.90
. 98

7. 50
1.50

10.00
2.00

307.08 12.50
61.42 2.50

1,334.76 34.90
66.73 1.75

333.43 .0
66. (9 . 0

326. 99
5. 40

6650.42
66.04

.0

.0

.0

.0

INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XV. -Fat balances for Series VIII-Continued.

[Averages are per day.]

No. 8.

2
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TABLE XV.-Fat balances for Series I'III-('antinued.

[Averages are per day.]

No. 9.

1

In food.Period.

Fore period.
First subperiod:

Total........................................
Average.. .......................... .

Grams.
653.67
1.20.73

2

In feces.

Grams.
19.38
3.88

3

In feces
(2=1).

* Per cent.
2.96

Second subperiod:
Total........................................ 627.40 15.51 2.47
Average.................................. 125.48 3.10 ......... _

Entire fore period:
Total................................... 1,2 1.07 34.89 2.72
Average................................... 128.11 3.49 ..........

Preservative period.

First subperiod:
Total.......................................
Average........ .......................-

Second subperiod:
Total......................................-
Average....................................

Third suhperiod:
Total................................
Average...................................

First, second, and third subperiods:
Total ..................................-
Average................... ............

After period.
First subperiod:

Total............... -.......... ........
Average.......................-........

Second subperiod:
TVotal....................................
Average...................................

Entire after period:
T otal.........." .............................
Average..............................

638.87
127.77

614.49
122.90

595.61
119.12

1,848.97
123.26

586.66
117.33

601.55
120.31

1,188.21

8.22 1.29
1.64 ..........

22.25 3.62
4.45 .........

8.76 1.47
1.75 .........

39.23
2.62

17.62
3.52

24.87
4.97

42.49
118.82 4.2 5

2.12

3.00

4.13

3.58

4

Balance
(1-2).

Grams.
634.29
126.85

611.89
122.38

1,246.18
124.62

630.65
126.13

592.24
118.45

58t. 85
117.37

1,809.74
120.64

5

Sodium
benzoate
adniin-
istered
(cai lcu-
lated as
benzoic
acid).

Grams.
0.0
.0

.0

.0

.0

.0

4.90
.98

7.50
1.50

10.00
2.(X

22.40
a 1.12

569.04
113.51

.0

.0

576.68 .0
115.34 .0

1,145.72
114.57

.0

.0

a Average for 20 days.
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1 2 3 4

Period.
In food. In feces. I(2f÷1es

S(2+.1).

Fore period.

First subperiod: Grams. Grams. Per rent.
Total.....................................-4-i4.52 19.80 4.28
Average.... ............................... 92.90 3.96 ..........

Second subpleriod:
Total...................................... 455.21 9.88 2.17
Average----- .-----------------....... 91.04 1.98 .........

Sodium
benzonte
admin-

Balance istercd
(1-2). (enlku-

lated as
benzoic
acid).

Grams.
444.72

8. 94

Grams.
0.0

.0

445.33 .0
89.06 .0

Entire fore period:
Total......................................
Average. ....................... .

Preservative period.

First subperiod:
Total......................................
A verage.................................

Second su period:
Total.......................................
Average...................................

Third subperiod:
Total.......................................
A verage_......... ... .. ... ...- ........--

Fourt h subperiod:
Total........................................
Average..................................

919.73 29..8 3.23 :8'0.05
91.97 2.97. ..... . 89.00

474. 47 9.0ti 1.91 465. 41
94.89 1.11 .......... 93.08

447.52 23.71 5.30
89.50 4.74 ..........

428. 41
85. t8

16.52 3.86
3.30 .. .

357.12 16.38
71.42 I 3.28

4.59

423.81
84.76

411.89
82.39

.0

.0

4.90
.98

7.50
1.50

S. 00
1.1)0

Entire preservative period:
Total-.................................... 1,707.52 G5.67 3.84 1,641.85 20.40
Average.................................... 85.38 3.28............$ 12.10 1.02

After period.

First subperiod:
(; 3 4 '2l 4"1 40 0IT ot l. -.........................................

A verage.................................
Second slbperiod:

Total.................................

Entire after period:
TIotail.. ................ ..
Average.............. .

.,dl. 91I

90. (t

4109. 40
1. 89

859. 87
85.99

3.79 ......... 

16.77 4.10
3.35 ..........

35. 70 4. 15
3.57 .........

ti. 29

392. t9
7$. 54

824. 17
$2. 42

.0

.0

.0

.0

.0

.0

-I

INFLL-EN('E OF FOOD PRESERVATIVES ON HEALTH.

TABLE XV.-Fat balances for Series VIII-'ontinued.

[Averages are per day.]

Nc. 10.

340.74 .0
68.14 .0
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TABLE XV.-Fat balances for Series VIIll-Continued.

[Averages are per day.]

No. 11.

1

Period.
In food.

Fore period.

First subperiod:
Total................................
Average.................................

Second subperiod:
Total....................................
Average...............................

Entire fore period:
Total....................... .........-
Average...................................

Preservatire period.

First subperiod:
Total........................................
A verage.....................................

Second subperiod:
Total......................................"
Average.................................

Third subperiod:
Tfotal....................................
Average....................................

Fourth sub)period:
T otal.... .. ................................
A verage.....................................

Entire preservative period:
Total....................
Average.---.. ...... ..........

After period.
First subperiod:

Total........................................
Average............................

Second subperiod'
Total........................................
Average.....................................

Entire after period:
Total...............................
Average........ ............. ....

' Grams.
388. 00
117. 60

2

In feces.

Grams.
11.52
2.30

593.49 12.55
118.70 2.51

1,181.49 24.07
118.15 2.41

623. 32
125. 06

56.3.09
112.62

589.32
117. 86

518. 88
10:3.78

19.20
3.84

17.78
3.5G

12.831
2.37

17.72
3.54

3 4

In feces Balance
(2--1) (1--2).

Per cent.
1.96

2.11

Grams.
376. 48
11.30

580.94
116.19

2.04 1,157.42
.......... 115.74

3.07

3.16

2.18
_..........

600. 12
121.22

545. 31

576. 47
115.29

3.42 :01.16
........ . 1(1). 23

2,296.61 67.35 2.94 2,'229.06 24.10
114.83 3.38 .......... 111.43 1.2:

:81.:;3 14.5: 2.50 5C..98 .0
116.31 2.91 ........... 113.40 .0

561.61 14.45 2.57 547.16 .0
112.32 2.89 .......... 101.43 .0

1, 143. 14
114. 31

29.00 2.54
2.90 ..........

1,114.14
111.41

.0
.0

Sodium~
benzoate
admin-
istered
(calcu-
lated s
henzoic
acid).

Grams.
0.0

.0

.0

.0

.0

.0

4.90
. !1

7.:50
1.540

10.00
2. ()

2.50
.:0



I1 FLUE\'CE OF FOOD PRESERVA.TIVES ON HEALTH.

TABLE XV.-Fat balances for Series FII-Continued.

[Averages are per day.]

No. 1'2.

1

In food.
Period.

Fore period.

First subperiod:
Total..........................................
A verage..................................

Second suhperiod:
Total........................................-
Average..............................

Entire fore period:
Total........ .....................
Average......... ......... .........

Preserrative period.

First subperiod:
Total ......................... ............
Average.......................................

Second subperiod1:
TNtal.. ....... ...........................
Average..-.................................

Third subperiod:
TFotal.....................................
A verage......... .....................

Fourth subiperiod:
Total....................................
A verage.......................................

Entire preservative period:
Total......... ......... ..... _.......
Average......... ....................

After period.

First subperiod:
1'otatlt ......................................... .
A verage...... . ...................... ....... .

Second subperiod:
T otal..... .. .............. ................
A verage... ... ..............................

Grams.
603.70

2

In feces.

Grams.
25. 38

3

In feces
(2- 1).

Per cent.
3.82

131.74 .08 '--...........

660.01 21.86 3.31
132.00 I 4.37 ..........

1, 323.71
132.37

681.87
136.37

645.99
129. 20

611.74
122.35

557.39
111.48

2, 496.99
124.85

594.95
118.99

570. 93
114. 19

Entire after period:
Total................................... 1,165.88
Average.................................. 116.59

47.24 3.57
4.72. .........

19.06 2.80
3.81 .........

16.25 2.52
3.25 ..........

13.67 2.23
2.73 ..........

28.20 5.06
5.64 ..........

77.18 3.09
3.86 .........

21.99 3.70
4.40 ..........

20.98 3.67
4.20 .... ....

42.97 3. 68
4. 30 ..........

4 5

Sodium
benzoate
admin-

Balance istered
(1-2). (calcu-

laited as
benzoic
acid).

Grams. Grams.
638.32 0.0
127.66 .0

638.15 .0
127.63 .0

1,276.47 .0
127.65 .0

662.81 4.90
132.56 .98

629.74 7.50
125.95 1.50

598.07 10.00
119.67 2.00

529.19 .0
105.84 .0

2,419.81 22.40
120.99 1.12

572.96 .0
114.59

549.95
109 99

1.122. 91
112.29

.0

.0

.0

.0
.0

12410
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TABLE XV.-Fat balances for Series VIII--Continued.

SUMMARIES.

[Averages are per man per day.]

Nos. 1 to G, inclusive, oinittin No. 3.

Period.

Fore period.

First suhperiod:
Total...................................
A verage.....................................

Second subperiod:
Total.......................................
A verage........... ....................... ..

Entire fore period:
Total.......................... . ......
Average...............................

Preserratire period.

First subperiod:
Total.......................................
Average..............................

Second subperiod:
Total....................................
Average..............................

Third subperiod:
Total................................
Average.....................

First, second, and third subperiods:
Total.......................................
Average.......................

After period.

1 2 3 4 5

Benzoic

In food. In feces. In feces Balance acid
(2÷1). (1-2). adnin-

istered.

Grams. Grams. Per cent. Grams. Grams.
2,431.59 93.26 3.83 2,338.33 0.0

97.26 3.73 .......... 93.53 .0

2,358.71 97.84 4.15 2,260.87 .0
94.35 3.91 ......... I 90.43 .0

4.790.30 191.10 3.99 4.599.20
95.80 3.82 .. 91.98

2, 376. 49
95. ac

2,2:57.31
90.29

2,231.32
89. 25

97. 41
3.90

76.91
3.08

93. 57
3.74

4.10

3. 41

2,279.08
91. 16

2,180. 45
87.21

4.20 2,137.75
..... 85.51

.0

.0

25.00
1.00

37.50
1.50

48. 00
1.92

6, 8t65.17 267.89 3.90 6,597.28 110.50
91.54 3.57 ........ . 87.97 1.47

First subperiod:
Total........................................ 2,192.12
Average...................................I 87.68

Second snihperiod:
Total................................I 2,207. 22
Average................................. 88.29

Entire after period:
Total.................................. 4,399.34
Average ..................... ....... 87.99

91.07 4.15
3. 4 ......."..-

70. 6 3.21
2.83 .........

16l.93 3.h8
3.24 . ...

2,101.05
84.04

.0

.0

2,136.36 .0
85.46 .0

4,237. 41
84.75

.0

.0
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1

Period.

Fore period.
First subperiod:

'Total...................................
Average..............................

Second subperiod:
Total......................................-
Average.................................

Entire fore period:
Tfotal.....................................
Average............ ................

Preservative period.

First subperiod:
Tot'l.......".............................
AXverage.................................

Second sIlp)'riod:
Total....................................
Average.................................

thirdd subiperiod:
'Total.......................................
A verage.....................................

First, second, and third subperiods:
TFoteal...................................
Average.....................

After period.

First snlhperiod:
''otal........................................
Average..................................

Second subp)riod:
otal...................................

Averag..................................

En tire a ft er perIiod:
TIotalI...................
A verag......................

3

In food. In feces.

Gra ns.
3, 288. 87

109. (2

Gra ms.
110. lti

3. 67

In feces
( '1).

Per (ent.
3.35

4

Bala nce
(1-2).

Grams.
3,178.71

105.95

5

Sodium
henzonte
admnin-
istelred
(caIcu-
lated as
lcnzoic

acid.

Grams.
0.0

.0

3,200.73 81.77 2.55 3,118.96 .0
106.69 2.73 ........... 103.9(1 .0

6, 489.60 191.93 2.96 6,297.6(7 .0
108.16 3.20 ........... 104.96 0

3,320.95 82.21 2. 48 3,238. 74 29. 40
110.70 2.74 ........... 107.9ki .98

3,132. 15
104. 41

3.110.0
103. 70

9 ,i54 ()
10i. 27

3,055. 70
101. 8(6

2,th)1.98
9i.73

5 957. 68
!).29

112.02 3.58 3,020.13
3.73 .......... . . 100.68

76. 23 2. 45 3, 034 67
2.54 .......... 101. 16

270. 411 2.83 9,293 54
3.01 .......... 103. 26

108.35 3.55 2,947.35
3.61 ......... 98.25

109.88 3. 79 2,792 10
3.(ii -.......... 93.07

218.23
3.(64

5,739. i5
95. 65

45.00
1.50

58. 00
1.93

132. 40
1. 47

.0

.0

.0

.0

.0
.0

INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XV'.-Fat balances jor SeIies jIII.

SIiMAR IIES-Continued.

[Averages are per man per day.]

Nos. 7 to 12, inclusive.

3.6 (i
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TABLE XV.--Fat balances i/' Series VIII-('ontinued.

SUi fA RI ES-Continued.

(Ave rages are per man per day.]

Nos. 1 to 12, inclu-ive, ohiittinu' No. 3.

1 3

In food. In feces. In feces
(2-1).

4 3

Preserv-
ative

Balance calcu-
(1-2). lated as

benzoic
acid.

Fore period.

First sulperiod: Grams. Grams.
Total. . ..----------------------.-.-.----------- 5,720.46 203.42
Average. . ..---------------------------------- 104.01 3.70

Second subperiod:
Total...... -....................... ........... 5,559.44 179.61
Averag.-----------------.---.--.--------..... 101.08 3.27

Entire fore period:
Total................................... 11,279.90 383.03
Average......... .................. 102.54 3.48

Preservative period.

First sulperiod:
Total..................................
A verage.......................................

Second sulpwriod:
Total-..-.....................................
A verag......................................

Third suiilyriod:
Total.............. ..... . .......... . . . .
A ve rage........................ ..............

5,6197.44
103.59

5.389.51
97.99

5. 342.22
97.13

First, second, and third subperiods:
Total.................................... . 429.17
Averag...................................... . 7

After period.
First sulperiol:

T o t l ..........................................
A verage... ............................

Second snIilqwriod:
''ot l..........................................
A verage...................................... .

Entire after lw'riod:
l't o1 . ............................... .
A verg..... ...........................

3,2-17.S2
95.41

5109.20
9r2.00

179.62
3.27

188.93
3.44

160 80 1

Per cent.
3.56

3.23

3.39

3.15

3.51

3 18
3.07 ...........

53h.35 3.28
3.26 ..........

199.42 3.80
3.6:3 ..........

180.74 3.54

10,337.02 3$40.16 3.67
94.16 3.46 ..........

Grams.
5,517.04

100.31

Grams.
0.0
.0

5,379.83 .0
97.81 .0

10,896.87
99.06

5,517.82
100.32

5,200.58
94.55

5,172.42
94.06

15, 80K. 82
99.57

5, 018. 40
91.78

4.97. 91i
!I.il

!1,!71ti lli
!1.701

.0

.0

54.40
.99

82.50
1.50

10f6.00
1.93

242.90
1.47

.0

.0

.0

.0

.0

.0

Period.
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1 2 3

In food. In feces. In feces
(2=1).

4 5

Benzoic
Balance acid
(1-2). adminis-

tered.

First subperiod: Grams.
Total..................................... 1,049.95
Average................................. 104.99

Second subperiod:
Total.................................... 1,008.33
A verage....-"-" ............... ... .... ... . 100.83

Entire fore period:
T otal........................................ 2,058.28
Average................. .............. 102.91

Preservative period.

First suhperiod:
Total...................................... 968.07
Average................................... 96.81

Second suhperiod:
Total............................... ... 952.56
Average................................ 95.26

Third suhperiod:
Total................................... 929.92
Average................................. 92.99

Fourth suhperiod:
'I'otal.................................... 931.83
Average..................................... 93.18

Grams. Per cent.
27.92
2.79

30.97
3.10

58. 89
2.94

31.87
3.19

22.83
2.28

28.52
2.85

22.82
2.28

2. 66

3.07

Grams.
1,022.03

102.20

Grams.
0.0
.0

977.36 .0
97.73 .0

2.86 1,999.39 .0
.......... 99.97 .0

3.29 936.20 10.00
.......... 93.62 1.00

2.40

3.07
.-.........

929.73
92. 98

901.40
90. 14

15.00
1.50

20.00
2.00

2.45 909.01 25.00
.......... 90.90 2.50

Entire preservative period:
Total................................... 3, 782.38 106. 04 2.80 3,676.34 70.00
Average........................... ........ 94.56 2.65 .......... 91.91 1.75

Aft er period.

First suhperiod:
Total.................................... 923.12 28.81 3.12 894.31 .0
Average................................. .. 92.31 2.88 ........... 89.43 .0

Second suibperiod:
T otal........................................
Average.............................

Entire after period:
Total..... .............................. I 869. 82
Average................................... 93. 49

946.70 ' 25.84 2.73
94.67 2.58 .........

54.65 2.92
2.73 ..........

920. 86
92. (>!

1,815.17
90.76

.0

.0

.0

.0

CALORIES BALANCE.

Th'is studl(Iy is of interest , as ati ilicrease of cnlories in thle fees would
Sho Wt (IisJ)Oiltll 11 l 1ile 1)1rt of t lie l)r(es'ufY ilve )to ret t 11 (l I(es-

IV' )e()rocses, wh1eres 1111cllrlefRse of '111oies Il I le lrlIle WOuldt1

Ill(l Ii t e L ()('I t l) ii I relse ii 1t(' k 1 ll1 )() 1( il it it'l 1S.

I NiIVII)'al. 1)A'I'A.

No. i.

11 1 tl (u C (1f \O. I 1t In 1( 1t 1 (( I 1 1 11(i)t te i iioLIcnge i llhe

'11loIes Ill I 1l 1ie fe s l l I i 1e fo ;111( j) serofVat I'e l)r'lo(15, 1)111 1 1(e

afr Illt(ri1l1 v illfear ( Io ill I lie 11ft ('r J)e(i , 11it1 tlefre is a sliht (1e-

('f aSe i ll I li ( 1111111)'rs 1il( t ('(1. 'I P r Is 11 ef 1 11 111si t ic 11re s Ill

ile (uol ( ) l I l1 Il l (' U Iii ie i11 t 11 j)Irese nIN t l J)rflO(l 1111(1 t 11eV If'(

INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XV.-Fat balances for Series j"III-Continued.

SUMMARI ES-Continued.

[Averages are per man per day.]

Nos. 1 andi 4.

Period.

Fore period.
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diminished notably in the after period. The total elimination is in-
creased throughout, both in actual amount and in percentage, due
chiefly in the preservative period to the increase in the urine. The
variations in the after period in this case are of equal interest, as there
was a marked tendency to increase the calories of the feces and de-
crease the calories of the urine.

No. 2.

In the case of No. 2 there is a notable increase in the calories of the
feces in the preservative period (34 calories daily, or 1.06 per cent),
and this increase is continued, though not to the same degree, in the
after period, as compared with the fore period. There is also a very
slight increase in the calories of the urine in the preservative period
(6 calories, or 0.2 per cent), but there is a tendency to return to the
conditions of the fore period in the after period. The increase in total
elimination of calories is 1.27 per cent in the preservative period, and
this increase is practically maintained in the after period. In this
instance the benzoic acid appears to have decreased to a slight extent
the absorption of the calories in the intestinal canal.

Ao. 3.

The data for No. 3 show a very slight increase in the caloriess in the
feces in tlie preservative period (8 calories) and a not able decrease in
the after period (31 calories) as compared with11 tlie preservative perio(1,
accompanied by a marked decrease in the ImlImber ingeste(d of 232

calories dlailv. There is a progressive, though slight, d(ecrease in t le
(nlories in the urine from the beginning to the end of the observat ion.
Thie percentage data show an increase of 0.61 per cent in total elimiina-
tlin, and a market decrease, 1.46 per ('Ent, in tle after period, the
chilanges beiiig due to t (e increase in calories in th 1e feces in1 tihe pr'eseI'v-

ative period( and tlie decrease in tlie afteI' )erdl()(l ildi(I t ing a ve'y

slight inhi)it ion of the absorption of the heat elemiienit s under the

influence of th 1e rese(rvat ive.

Th'e (it a for No. 4 show a slight decrease inl t le calories in t he feces
both 1 in the preservi live a11(1 a fte'r perio lds. Th ietre is a veiy slight

decreIse in t l1e calories s ill 1 li lliiie ill I lie pfre 'r"i1t1ye p t io . i'le

percellt g (hilt 2a shoL 1 111 s tot 2 Ierease to anl 011 lv 0.1 7 per

('(ell, wit 11 VIf tiull v 110 (111iigti ll ti1t'1aftl' i N' I' t . Ih1es lf&; i'es lre

Ilot of s i ll 0ei1 .! 111 tl111 d1 to Vi1WIf lit ll y cotellilslll, )lt t1eil tend-

e'n('y showii'l is tt oward'l 21n I~(tinrease 21ssiililionl.

li t le cW11 ' f \t :) tll Ille'tn' 2l a 1 111le IlIc e 111 t l lorl.s li

the fees il1 11' 1)resr('Vat ive jperio1 (19 ('olei'It's (llli l), aid Ihs !ll-
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crease is continued, though not to the same extent, in the after period.
The calories in the urine also increased by 6 in the preservative period
and decreased by 5 in the after peirod. The percentage figures show
an increase in total elimination of 1.07 per cent and a slight decrease
in the after period. The preservative appears again to have decreased
slightly the absorption of the calories in the alimentary canal.

Ao. F.

The data for No. 6 show a marked decrease in the calories in the
feces during the preservative period, and this decrease is continued
in the after period. There is a slight decrease in the calories in the
urine throughout. The decrease is principally in the feces, as is
shown by the percentage data, the total decrease in elimination
amounting to about 1 per cent, with an almost equal decrease in the
after period. In this case the preservative seems to have increased
the absorption of the calories in the alimentary canal.

No. 7.

In the case of No. 7 there is again a decrease in the calories in the
feces in the preservative period and a notable increase in the after
period. The calories in the urine decrease throughout the observa-
tion. The percentage data show a slight decrease, both in the feces
and urine, in the preservative period, the decrease in the amount
ingested modifying the percentage results, and an increase in the
after period. Here there is aplparently a stimulation of the absorp-
tion of the calories in the intestinal canal and at the same time an
inhibition of the katabolic processes to which the solids in the urine
are due.

No. 8.

In the case of No. 8 there is a not able increase in the calories in
the feces in the preservative period, and this increase i augmiented
in the after period. Ilhere is also a slight increase in t lie calories in
the urine both in the )reservative alndI after perhi'os. lie percent tage
d(jta show a totaI increase of 0.82 1'r ceni t, whIi ichIi is slighltly increased
in tlie after period, tlie increase in the fees being relat ively greater

thau that in t he urine. In th is inst aIce the bnzoic acid appears t o
h1avx'e lecreasedl t lie a1bsor )t loi of t lie canlo ries i1 t le invest inal1 canal

and to have st imulat ed t o a slight degree t le kat abolic act ivit ies
whi1 )ro(Iduc'e Solids inl t le urine.

Aoi~. 9 .

The data for No. 9 show a decrease of 27 calri(es in the feces dur-
ing the preservative )eriod , w hichI, however, anliiit s to only' 0.87

per cent , and an increase in t h1e after period over t he fore peI'rio(d of
16 calories, or 0.68 per cent. The calories iin the urine increase very

1246
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slightly throughout, and the percentage data for total elimination
show a slight decrease in the preservative period and an increase in
the after period to a figure exceeding that of the fore period. There
is again shown a tendency to increase assimilation in the preservative
period, while the katabolic activities, evidenced by the excretion of
solids in the urine, are practically unaffected, a negligible increase
being recorded.

No0. 10).

The data for No. 10 show an increase of 10 calories daily in the
feces during the preservative period and a further increase of 12
calories in the after period. The percentage figures also increase
throughout. There is also a slight increase in the calories in the
urine in the preservative period, while during the after period the-
are practically the same as in the fore period. There is a marked
decrease in ingestion in the preservative period, and the percentage
figures for total elimination increase very slightly throughout.
There is a slight influence exerted by the benzoate of soda appar-
ently to increase the excretion of calories, both in the feces andl the
urine.

No. 11.

No. 11 shows a notable increase in the calories in the feces in the
preservative period, and this increase is practically maintainedl in the
after period. There is also an increase of the solids of the urine in
the preservative period, but this increase is lost during the after pe-
riod, in which the number falls below that of the fore period. The
percentage data show an increase in total excretion of 1.04 per cent,
with a tendency to return to the conditions of the fore period during
the after period. The greater increase is in the feces, indicating a
tendency to decrease assimilation, and to> a less degree the katabolic
activities are increasedI.

Ao. I.!.

In the case of No. 12, t here is a slight loss of calries in the fetes
during the preservat ive period, and this figure is minllt nineI luringg

the after period. In tle urine there is a slight increase du iiingz the

preservative period and a slight loss during the after period. The

percent age data show the samiiie relaltivye changes as (10 the act1ual1

ajIjtllllts, but tle 1preentage of total el 111t1111 remtiins pll l ctlicST ll

111101ange( Ill I 1i l P)reseratiVe pr( op('I' . I lese dta slhow ti very

slight tendei to 111ense assimila ti(on , 1)ut also increase the kit a-

bolic activities, as is evidenced by t he increase of calories in the urine.
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SYUTMMARIES.

In the case of Nos. 1 and 4, there is practically no effect upon the
calorization of the heat-forming elements of the food as indicated by
the calories balance, the figures being remarkably constant through-
out.

The mass action of the benzoic acid and the benzoate of soda as
affecting the calories in the excretion may be compared in the sum-
maries for Nos. 1, 2, 4, 5, and 6, and for Nos. 7 to 12, inclusive,
omitting the fourth preservative subperiod, while the summary for
the eleven men, omitting No. 3 and the fourth preservative period,
shows the average result for the whole observation.

In the summary for Nos. 1, 2, 4, 5, and 6, there is seen to be a
slight increase in the calories in the feces during the preservative

period and a decrease in the after period. In the urine there is also
a slight increase in the preservative period, while in the after period
the number falls below that of the fore period. Expressed as per-
centages of the calories ingested it is seen that 3.21 per cent is found
in the feces in the fore period, 3.40 per cent in the preservative period,
and 3.24 per cent in the after period. These data show a slight re-
tarding influence upon the metabolic activities in so far as the utili-
zation of the calories is concerned. The percentage of calories in
the food excreted in the urine in the fore period is 2.49, in the pre-
servative period 2.62, and in the after period 2.52. These data also
show a slight influence on the part of the preservative to increase the
percentage of metabolized solids excreted. The percentage of total
elimination, however, is increased very slightly in the preservative
period and decreases again in the after period.

In the summary for Nos. 7 to 12, inclusive, it is seen that there is
no change in the qjuantit v of calories in the feces in the fore and prc-
servat ive perio(ls, but a notable increase in the after period. In the
case of t he urine, there is a slight increase in the calories during the

preservatiive pcrio d, but in the after period the figure falls below
that of the fore pleriodl. Expresse(l in1 percent ages of the calories
ingeste(d it is se('n that 2.92 per ccin t 1 excrEtl('ll in the feces in the
fore period, 2.0( per (eit inl t le p)rescrvative period, and 3.(i() per cent
i11) 1ie alter J)prio(l; and i I t 1 lrine 2.35 )1>er clt In I lie fore )eriold,
2.. IWer c'lt ill 11(h I)rosYrvltive )eri(d, nilld 2.37 per celt III l1e after

1)e l~. '111 (' gM'I'i ( c 0i0 1 o1t Vi(sV Ilarke( , l~ut t(111l towantl

I'(' lt ' Illg til5 ly 1 1 11( I11)sO 1) (011 O1" t1(' ('il Ol)' 1 111( ll ll 21 1 0 e sRlllO

I11 ilV('r2gc datll f1r t ie eleven ilIci show a1 Iight iicreelso I ile
cl rOie(s Ill t 11 feces li 11e l)('es 'Vit ly )v e lO( , till t 118 18 i 10 00t1-

it (l Ill I1 l after J)'IOd. i ('I 1 ls0 a11gl t 11siI f ilce 1 11 flthe' clOI'i('s

of the urine inl the plr'sat"\'ilive period, b)ut this is lost in the after

12418
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period. Expressed as percentages of the total calories ingested, 3.05
per cent appears in the feces in the fore period, 3.13 per cent in the
preservative period, and 3.44 per cent in the after period, and in the
urine 2.41 per cent appears in the fore period, 2.56 per cent in the
preservative period, and 2.44 per cent in the after period. There is,
therefore, manifested a uniform but very slight inclination on the part
of the preservatives, benzoic acid and benzoate of soda, to disturb
the metabolic Irocesses, with a tendency toward decreased assimi-
lation and increased katabolic activity.

TABLE 1VI. -('alories balances for Series VIII.

[Avera ges are per day.]

Nr.. 1.

1

Period. In
food.

Fore period.
Calo-

First subperiod: ries.
Total................... 15,510
Average............... 3,102

Second sul)period:
T1otal................... 15, 999
Average................. 3,200

Entire fore period:
'Total.................... 31,50)
Average................ 3,151

Preserrative period.

First subperiod:
Total.................... 15.244
Average... .......... 3.049

Second sulperiod:
Total.................. . 15. 179
AveragK................. 3,036

Third subperiod:
'rotal................. 14,952
Average............. 2.990

Fourth subl)period:
'Total................... 15,202
Average................. 3.040

Entire preservative period:
Total............. .....-. 1(0.77
Average............... 3.021

A after period.

First suhperiod:
Total...................
A "e rage. ....... ..... .

Second suhlperiod:
'Total............. ... .
A "t rag...............

14. 731
147

14. :5!C_
2. '.Ilt

2 3

In In
feces. urine.

Calo- Ca
ries. r

225
45

353
71

lo-

329

372
74

580 701
58 70

340
68

232
4ti

3160
72

218
44

37. 5
7 .

34.i
(69

372
74

73

1,150 1,455
i8 731

348

340
I *t.

329

3143143

4

In
feces
and

urine
(2+3).

ft
(2

:37

In
In In feces
ces urine and
=1). (3=1). urine

(4+1).

3

Balance
(1-4).

Calo-
ries. Per ct. Per ct. Per ct. Calories.

554 1.45 2.12 3..7 14.956i
111 ....... ..... ......... 2.991

727 2.22 2.33 4.54 15.272
14. ....... ....... .... .... 3.0oss

1,281 1.84 r 2.22 4.07 30,2 28
12:i

715i
143

:i77
115

732
1441

581
lli

2.23 2.41i 4.70 14,529
....... ....... . .... _... ' ,00ti

1.53 2.27 3.80 14.102
.... .. ..... ... .... 2. r21

.41 2.49 4.90 14.220
....... ....... ........ 2.8 44

1.43 2.39 3.82 14.621
....... ....... ... . . .2.,r24

2,W0 1.90 2.40 4.30 57.972
130 .. 2. . . . . . . '.59 t!,

677 2.36i 2.23 4.59 14.11'."
13. .............. ........ 3.2

iLII 3.3 .15I: 4.4ti 13t.lr_
1:31 ... .. .... . .. ... . 2. 7\i

Entire after period:
otal................... 2 ,:3111

Avecrage ................. 2, 93'l
(688 (43

i9iI G4
1.311 2.31i . 19 4.34

133 ...... . ...... .... ..

9

Ben-
zoic
acid

admin-
istered.

Gra r..
0.0
.0

.0

.0

.0
.0

5.00
1.00

7.50
1.50

10.00
2. 00

12.50
2.50

3.00
1.75

.0

.0

.0

.0

27. !17
2.7!1)

.0

.0

..... ........ 3.023
-- =I--I----I --
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'TABLE XVI.-Calories balances for Series VIII-Continued.

[Averages are per day.]

No. 2.

Period.

Fore period.

First subperiod:
Total...................
Average................

Second subperiod:
Total.................
Average..............

Entire fore period:

1 2

In In
food. feces.

Calo-
ries.

16,809
3,3t2

17,143
3,429

Total............. ... 33,952
Average............... 3,395

Preservative period.

First subperiod:
Total................... 17,081
Average.............. 3,416

Second subperiod:
Total.................1 If,6fi66
Average............... 3,333

Third sub)period:
Total................... 16,981
Average................ 3,396

Fourth subperiod:
Total.................. 16,108
Average............... 3,222

Entire preservative period:
Total..........-..._ 66,836
Average.............. 3,342

After period.

First subperiod:
Total.................
Average.............

Second suhlperiod:
Total.................
Averaige................

Entire after period:
Total............
Average...........

16,148
3,230

16,123
3,225

3 4

In

I n feces
urine. and

urine
(2+3).

Calo-
ries.

472
94

661
132

1,133 922
113 92

721 498
144 100

727 486
145 97

770 499
154 100

724
145

2,942 1,
147

714
143

625
12

32,271 1,339
3,227 134

Calo-
ries.

412
82

Calo-
ries.

884
177

(2

P

510 1,171
102 234

2,055
206

1,219
244

1,213
243

5 6 7 8

In
In In feces Balance
eces urine ani (1-4).
=1). (3÷1). urine

(4-1).

er ct. Per ct. Per et. Calories.
2.81 2.45 5.25 15,925
..... ....... ........ 3,185

3.86 2.97 6.83 15,972
-.... ....... ........ "3,195

3.34 2.72

4

4

1,269 4
254 ...

4469 1,193
94 239

6.05 31,897
3,190

.22 2.92 7.14 15,862
-........... ..... . 3,172

.36 2.92 7.28 15,453
.... ....... ........ 3,090

.53 2.94 7.47 15.712
-... .-...-. -.-- . . 3 ,142

.49 2.91 7.41 14,915
.... ....... ........ 2,983

9:12 4,894 4.40 2.92 7.32 61,942
98 245 ................... 3097

464 1,178 4.42 2.87 7.30 14,970
93 236........ ....... ........ 2,994

46.5 1,090 3.88 2.88 (i.76 15,033
93 218 ....... ....... ........ 3,007

929 2, 2(18 4. 15 2.88 7.03 30,003
93 227 ....... ............... 3,000

9
Ben-
zoic
acid

acllnin-
istered.

Grains.
0.0
.0

.0

.0

.0

.0

5.00
1.00

7.50
1.50

10.00
2.00

2.50
.50

25.00
1.25

.0

.0

.0

.0

.0

.0
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TABLE XVI.-Calories balances for Series VJIII-Continued.

[Averages are per day.]

NO (. .3.

Period.

Fore lperiod.

First subperiod:
Total ..............

Average..............
Second suibperiodI:

Total................
Average.............

1 2 3

In In In
food. feces. urine.

Calo-
rirs.

lt,79)
3,358

Calo-
ries.

453
91

16,7t2 449
3,332 90

Entire fore period:
Total................... 33,552 902
Average................ 3,355 90

Preservatire period.

First sub)period1:
Total................... 17,061
Average......_........ 3,412

Second subperiod:
Total.................. 16,897
Average................ 3,379

Third suhperiod:
Total.................. 12,320
Average................ 2,464

Fourth suibperiod:
Total..................16, 180
Average................ 3,236

Entire preservative period:
Total.............6(2, 45
Average.......... .. 3, 123

After period.

First sub~period:
Total.................... 17,07
Average............... 3,419

Second suibperiod:
Total................... 16,737
Average............... 3,347

Entire after period:
'Total ................. 33,834
A verage... . ......... 3, 383

536
107

591
118

239
48

595
119

I -

4

In
feces
and

urine
(2+3).

f(
(2

Colo- Calo-
ries. ries. P

400 853
80 171 ..

408 857
82 171 . _

808
81

415
83

420
84

402
80

369
71

1, 911l 1, I0th
98 80

351 398
70 80

317 371
63 74

68
67

719
77

5 6

In In
eces urine
=1). (3+11.

In
feces
and
urine
(4+1).

er ct. Per ct. Per ct.
2.70 2.38 5.08

2.68 2.43 5.11

8 9

Ben-

Balance zoic
(1-4 . acid

( admin-
iste red.

Calories.
15,937
3,187

15,905
3,181

1,710 2.69 2.41 5.10 31,842
171 ... .. '............... 3,184

951 3. 14 2. 43 5. 57 16,11)
190 ....... ............... 3,222

1,011 3.50 2.49 5.98 15,886
202 ....... ....... ........ 3,177

641 1.94 3.26 5.20 11, 679
128....... ....... ........ . 2,336

964 3. 68 2. 28 5. 96 15,216
193 ........ ....... ........ 3,043

3,567 3.14 2.57 5.71
178 ....... ....... ..... .

749 2.05 2.33 4.38
150 ....... ..............

(688 1.89 2.2'2 4.11
138 ....... ....... ........

1, 437 1.97 2. 27 4.25
144 ....... ...............

58,891
2,945

16,348
3,2f9

Grams.
0.0
.0

.0

.0

.0

.0

5.00
1.00

7.50
1.50

1.00
.20

.0

.0

13.50
.68

.0

.0

11,049 .0
3,.09 .0

32, 397
3,240)

.0

.0
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INFLL ENC'E OF FOOD PRESERVATIVES ON HEALTH.

TLi.E XVI.-f'aloritcs balances for Series VIII-Coutinued.

[Averages are per day.

No. -4 .

]

1 ' 3 4

I I

In In In feces
od. feces. urint. urine

(2+3).

15 6 7

In
In I In feces s

feces urine and
(21). (3÷1). urine

(4=1).

8 9

Ben-

Balance I
(1-4). admin-

istered.

Fore period.
Coalo-

First subperiod: ries.
Total..----------------- 13,587
Average.--------------- 2,717

Second sulperiol:
Total................... 13.072
Average................ 2,614

Entire fore period:
Total---- . .----------- 26, 659
Average................ 2,666

Preservative period.

First subperio:l.
Total...-............... 13,238
A verage................. 2,648

Second stubpleriod:
Total. .................. 12.981
A verage...-........... 2,596

Third suttperio 1:
Total.-................. 13,087
Average................. 2,617

Fourth subperiod:
Total.................... 12,746
Average................ 2,549

Entire preservative perioU:
Total...................5 :2,03i2
Average................. 2,603

After period.

First sulperiod:
T otal.................... 12,920
Average................. 2,584

Second subperio 1:
Total.................... 13.137
Average.... ............ 2.627

Entire after periol:
Total................... 26.057
Average............... 2, t){

Calo-
ries

425
85

344
69

Calo-
ries.

342
68

398 742
80 148

7fi9 740
77 74

388 383
78

333
67

333
67

Calo-
ries.

767
1:33

1,509
151

771

356 689
71 138

348 681
70 136

366 349 715
73 70 143

1,

Per et.
3.13

Per ct.
2.52

2.63 3.04

Per ct.
5.65

Calories.
12. 20
2.564

(

5.68 12.330
'.466

2.88 2.78 5.66 25.150
-.-..-. ....... ........ 2 ,5 15

2.93 2.89 5.82
154 ....... ....... .......-

2.57 2.74 i.31

2.54 2.66 5.20

2.87 2.74 5.61

12.467
2.494

12.292
2, 438

12. 406
2,481

12, 031
2.4 (i

420 1.436 2,.83 2.73 2.76 5.49 49. 196
71 72 143 ---...... . . . ... 2.460

383 397 780 2.96 3.07 6.04 12,140
s 79 1156........ ....... ........ 2,428

306 337 643 2.33 2.57 4.89 12,494
61 67 129........ ....... ........ 2,498

689 734 1. 423 2. 64 2.82 5. 46 24,634
i9 73 142 ....... ....... ......... 2,463

Grams.
0.0

.0

.0

.0

.0

.0

5.00
1.00

7.. 0
1.r0

10.00
2.00

12.:,0
2.:i0

35.00
1.75

.0

.0

.0

.0

.0

.0
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BENZOIC ACID AN TD BENZOATES.

TABLE XVI.-Calories balances for Ser"ie's '1II.-Continued.

[Averages are per day.]

N >. 5

1

In
food.Period.

Fore period.

First subperiod:
Total............... 
Average..............

Second subperiod:
Total...............
Average... ...........

Calo-
ri es.

11, 279
2,256

11,829
2,366

Entire fore period:
Total............... 23,108
Average............... 2.311

Preservatire period.

First subperiod:
Total..................
Average...............

Second suhperiod:
Total...................
Average..............

Third subperiod:
'Total.................
Average................

Fourth subperiod:
Total..................
Average.............

11,767
2, 353

11.827
2,365

11.10
2,322

11,298
2;2t0

Entire preservative period:
Total................... 4G,502
Average..-- ...... 2,325

2 3

In In
feces. urine.

Calo-
ries.

236
47

391
78

627

428
86

354
71

375
75

476
95

1,633
82

Calo-
ries.
a 236

47

239
48

4 '

In
feces In
and feces

urine (2÷1).
(2+3).

Cclo-
ries. Per ch.

472 2.09
94.......

630 3.31
126 .......

473 1,102
48 110

251
50

a 280
56

302
60

a 249
50

1,082
54

679
136

634
127

677
135

725
145

2,715
136

2.71

3.64

2.99

3.23

4.21

6 7

In
In feces

urine and
(3+1). urine

(4÷1).

'erct. Per ct.
2.09 4.18

2.02 5.33

2.06

2.13

2.37

2.60

2.20

3.51 2.33

4.77

5.77

5.36

5.83

6.42

5.84

8 9

Ben-

Balance ZOiC
(1-4). acid

admin-
istere"d.

Calories. Grams.
10,S07 0.0
2,161 .0

11,199 .0
2,240 .0

22,006
2.201

11,088
2,218

11,193
2,238

10,933
2,187

10,573
2,115

43,787
2,189

.0

.0

5.00
1.00

7.50
1.50

8.00
1.60

3.00
.60

23.50
1.18

After period.

First subperiod:
Total......................11,751 464 a256
Average............... 2,350 93 51

Second subperiod:
Total................... 11,74 306 236
Average............... 2,350 61 47

Entire after period:
Total...................23. 499 770 492
Average...............2. 0 77 49

a Daily average added to complete record.
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720
144

542
108

1,262
126

3.95

2.60

3.28

2.18-

2.00

2.09

6.13

4.61

5.37

11,031
2,206

11,206
2,242

22. 237
2.224

.0

.0

.0

.0

.0

.0



INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XVI.-Calories balances for Series 1III-Continued.

[Averages are per day.]

N<>. (;.

1

In
food.I'e riod.

Fore period.

First subperiod:
Total..................
Ave rage...........

Second suhperiod:
Total...................
Average................

Calo-
ries.
14, 786
2,957

14,755
2,951

Entire fore period:
Total .................. 29, 541
Average............. 2,954

Preseriatire period.

First suhperiod:
Total................
Average...............

Second siubperiod:
Total..................
Average...............

Third suhperiod:
'T'otal.. ..............
Aveag...............

Fourth subperiod:
Total..................
Average...............

Entire preservative period:
Total.................
A ve rage........

After period.

First sihperiod:
'Total...............
Ave rage..............

Second sIibperiod:
Total.................
Average..............

Entire after period:
'Ttal...............
Av'erage...........

15,042
3,008

14, 139
2,828

13, 936
2,787

13, ti31
2,726)

56, 748
2,837

13,971
2,794

al4,275
2,855

28,2411
2,825

2

In
feces.

Calo-
raes.

850
170

3

In
urine.

Calo-
ries.

375
I73

693 390
139 78

1,543 765
154 77

706 362
141 72

529 373
106 l5

6i3
133

549
110

367
73

358
72

2,447 1,460
122 73

655 316
131 73

a319 a341
64 68

974 707
97 7.

4

In
fees
and
urine
(2+3).

Calo-
ries.
1,225

245

1,083
217

2,308
231

1,068
214

902
180

1,030
206

907
181

3,907
195

1,021
204

660
132

1,1i81
1i8

5 6 7 8
In

In I nI feces Balanefeces urine and
(2÷1 . (3=1). urine (1-4i.

14+1).

Per ct.
5.75

4. 70

Perct. Per ct. Calories.
2.54 8.28 13,5ti1

....... ........ 2,712

2.64 7.34 13,672
--.-.-. ....-... 2,734

5.22 2.59

4.69 2.41

3.74 2.64

4. 76 2. (3

4.03 2.63

4.31 2.57

4.69 2.62

2.23 2.39

3.45 2.50
. . ......

7.81

7.10

6.38

7.39

6.65

6.88

7.31

4.62

5.95

27, 233
2,723

13,974
2,794

13,237
2,48

12, 0ti
2,581

12,724
2,545

52,841
2, 642

12,950
2,590

13,615
2,723

26, 541
2,1i57

9

Ben-
zoic
acid

admin-
istered.

Grams.
0.0
.0

.0

.0

.0

.0

5.00
1.00

7.50
1.50

10. 00
2.00

.0

.0

22.50
1. 13

.0

.0

.0

.0

.0

.0

a Dally average added to complete record.
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BENZOIC ACID AND BENZOATES.

TABLE XVI.-Calories balances for Series II--Continued.

[Averages are per day.]

No. 7.

1

Period.

Fore period.

First subperiod:
Total...................
Average...............

Second subperiod:
Total..................
Average..............

Entire fore period:
Total..................
Average.............

Preservative period.

First subperiod:
Total.................
Average... ...........

Second subperiod:
T otal...................:
Average..............

Third subperiod:
Total................
A verage................

Fourth subperiod:
Total...................
Average................

Entire preservative period:
'Total............. .
Average........

2

In In
food. feces.

3 4

In feces
In

urine.

Calo- Cao- Calo-
ries. ries. ries.

13,595 483 350
2,719 97 70

14,050 I 451 349
2,810 90 70

27,645 934 699
2,7b4

13,286
2,657

13,659
2,732

13,892
2,778

12,105
2, 421

52,942
2, b47

After period.

First subperiod:
Total................[. 12,734
Average................ 2,547

Second subperiod:
Total................... 11,046
Average...............2. $.a

Entire after period:
Total................... 23,780
Average............... 2,378

9.3 70

402 349
80 70

554 316
111 63

:379 306
76 61

375 342
75 68i

1,710 1,313
86 66

511 287
102 57

598 303
120 61

1,109
111

and
urine
(2+3).

Calo-
ries.

833
167

5I

In

6 7

In
feces urine

(2--1). (3-:1).

Per ct. Per et.
3.55 2.57

800 3.21 2.48
160 ....... .......

1,633 3.38 2.53
163 ..............

751
150

870
174

685
137

717
143

3.03

4.06

2.63

2.31

2.73 2.20

3.10 2.83

3,023 3.23
151 .......

798 4.01
160 .......

901 5.41
180 .......

2.48

2.25

2.74

In
feces
and

urine
(4--1).

Per et.
6.13

8 9

Sodium
benzo-
ate ad-

Bal- mnis-
ance tered
(1-4). (calcu-

lated as
benzoic
acid).

Calories.
12,762
2,552

5.69 I 13,250
...... 2,650

5.91

5.65

6.37

4.93

5.92
........

26,012
2,601

12,535
2,507

12,789
2,558

13.207
2. 661

1l,:it%
2. 275

5.71 49.919
........ 2,496

6.27 11,936
........ 2,387

8.16 10,145
........ 2,029

590 1,699 4.66 2.48 7.14
59 170 ......... . ........

- - I .I.
:2..081
2.208

Grams.
0.0

.0

.0

.0

.0
.0

4.90
.98

7.50
1.50

10.00
2. 00

. 50
1.30

28. 90
1.45

.0

.u

.0

.0

.0
.0

1255



INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XVI.-Calories balances for Series ITII-Continuiied.

[Averages are per day.]

Nc0. t3.

1

In
food.

Period.

Fore period.

First subperiod:
Total..................
Average..............

Second sulbperiod:
Total..................
Average................

Entire fore period:
Total..................
Average.............

Preservative period.

First suhperiod:
'Total.................
Average.............

Second suhpcriod:
Total................
Average..............

Third suhperiod:
Total...............
A verage................

Fourth subperiod:
'total.................
Average...............

Entire preservative period:
Total...............
Average................

Calo-
ries.

13,766
2,753

14,078
2,816

27,844
2,784

14,170
2,834

13, .578
2,716

13,726
2,745

13,417
2,683

54,891
2,744

2

In
feces. ur

Cal-
ries.

622
124

2.35
47

857
86

550
110

487
97

48<3
97

3 4 5

In feces In
In and feces
ie. urine (21).

(2+3). (÷)

Calo-
ries.

312
62

337
67

649
65

352
70

a34G
69

332
66

524 346
105 69

2,044 1,376
102 69

Calo-
ries.

934
187

572
114

1,506
151

902
180

833
167

815
163

870
174

3,420
171

6 7

In
In feces

urine and
(3÷1). urine

(4-1).

Per ct. Per ct.
4.52 2.27

1.67 2.39

3.08 2.33

3.88 2.48

3.59 2.55
---.... -..-...-

3.52

3.91

3.72

2.42

2.58

2.51

Per ct.
6.78

4.06

5.41.

6.37

6.13

5.94

6.48

6.23

8 9
Solium
benzo-
ate ad-

Bal- minis-
ance tered

(1-4). (calcu-
lated as
benzoic
acid).

Calories. Grams.
12,832 0.0
2,566 .0

13,506 .0
2,702 .0

26,338
2,634

13,268
2,654

12,745
2,549

12,911
2,582

12,547
2,509

.0

.0

4.90
.98

7.50
1.50

10.00
2.00

12.50
2.50

51,471 34.90
2,573 1.75

After period.

First subperiod:
Total................... 13,969
Average.............. 2.794

Second subperiod:
Total................... 13,696
Average.......

539
108

571
2,739 114

Entire after period:
Total l............ ...... 27,6 k5
Average................ 2, 717

1,110
111

351
70

352
70

703
70

890
178

923
185

1,813
18l1

3.86

4. 17

4.01

2.51

2.57

2.54

a Daily average added to complete record.
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6.37

6.74

6.55

13,079
2,616

12,773
2,554

25,852
2,585

.0

.0

.0

.0

.0

.0

i



BENZOIC ACID AND BENZOATES.

TABLE " .- Calories balances for Series 'III-('ontin ued.

[Averages are per day.]

No. 0.

1 2

Period.

Fore period.

First subperiod:
Total..................
Average................

Second subperiod:
Total..................
Average..............

In In
food. feces.

Calo-
ries.

14, 478
2,895

14, 345
2,869

Calo-
ries.

45,.
91

3 4 5

In feces InIn and fee
urine. urine

Calo-
ries.
a 389

78

Calo-
Tis.

846
169

6 8

In In feces
s urine a n
1). (3÷1). urine

(4=1).

Perct.Pr ct.
3.16 2.69

392 386 778 2.73
78 77 156 .......

2.69

Pfr ct.
5.85

5.42

Bal-
ance

(1-4).

9
Sodium
b)efnzo-
ate ad-
minis-
tered

(ca I(u-
lated

as ben-
zoic

acid).

Calories. Grams.
13,632 0.0
2,726 .0

13,567 .0
2,713 .0

Entire fore period:
Total...............
Average................ .

Preservative period.

28,823 849 775 1,624 2.95 2.69 5.ti4
2,882 85 78 162 ....... ....... .....

First subperiod:
Total.................... 14,2t61 214
Average............... 2, 852 43

Second suhperiod:
Total................... 13.990 462
Average................ 2. 795 92

Third subperiod:
Total................... 13,775 198
Average................. 2,755 40

First, second, and third sub-
periods:

Total.................... 42,026 874
Average................. 2,802 58

After period

First suhperiod:
Total.................... 13,914 414
Average............... 2,782 83

Second suilperiod:
Total.................... 13.774 592
Average................ 2,755 118

a 399
80

613 1.50 2.80 4.30
123 ....... ....... ........

36ti 828 3.30 2. ti2 5.92
73 186 ........ ..-........

427
85

625 1.44 3.10 4.54
125 ...........

1,192 2,06 2.08 2.84 4.92
79 138 ._................

402 816 2.98 2.89 5.87
80 1(3 ....... ...-........

413 1,005 4.30 3.00 7.30
83 201 ....... .....-. ........

27 199
2, 720

13. 648
2, 729

13,1ti2
2,ti32

.0

.0

4.90
.98

7.50
1.50

13,150 10.00
2,ti30 2.00

39,9t(0 22.40
2,664 b1.12

13,098
2,t19

.0

.0

12,7ti9 .0
2.554 .0

Entire after period:
Total............... 27,
Average................ 2,769

1,00it
101

815
82

II
1,821 3.(63 2.94 ;.58

1.2 .................

a Daily average added to complete record.

12.57

25. .17
2. 58.7

.0

.0

t, A verage for 20) days.



INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XVI.-Calories balances for Series TII-Continued.

[Averages are per day.]

>. 10.

Period.

Fore period.

First subperiod:
Total............ .....
A verage..............

Second subperiod:
Total...............
Average...............

Entire fore period:
Total...............
Average.............

Preserrative period.

First subperiod:
Total.................
Average...............

Second subperiod:
Total...................
Average...............

Third suhperiod:
Total................
Ave rage..............

Fourth subperiod:
Total...............
Average................

Entire preservative period:
Total...............
Average....... ......--

T
14

1 2 3 4 5 6 7 8 9

Sodium
ben-

In In zoate
In In feces In In feces Balanceadmin-

o. feces. urine. and feces urine and ( istered
urine (2=1). (3=1). urine (1-4 . (calcu-

(2+3). (4=11. lated as
benzoic
acid).

olo- Calo- Calo- Calo-
tes. ries. ries. ries. Perct..Perct. Per ct. Calories. Grams.
,262 508 304 812 3.56 2.13 5.69 13.450 0.0
.852 102 61 162 ...................... 2,690 .0

15, 125
3,025

266 :326 592 1.76 2.16 3.92 14.533 .0
53 65 118 ........ ............... 2.907 .0

29,387 774
2,939 77

14,344
2,869

14,336
2,867

13,390
2,678

12, 107
2, 421

54, 178
2, 709

630 1,404 2.63 2. 14
63 140 .......... --

4.78

253 381 634 1.76 2.66 4.42
51 76 127 ......................

728 a354 1,082
146 71 216

395 307 702
79 61 140

360 a27i2 632
72 54 126

1,736 1.314
87 66

5.08 2.48 7.55

2.95 2.29 5.24

2.97 2.25

3,050 3.20
152 .......

5.22

2.42 5.63

After period.

First subperiod:
Total................ ... 14.442 500 333 83,3 3.46 2.31 5.77
Average.............. 2,888 100 67 167 ...... ...... ...

Second subperiod:
Total................... 13,533 491 306 797 3.63 2.26 5.89
Average................ 2,707 98 61 159 -----......... .....

Entire after period:
Total........... ........ 27.975 991 639 1,630 3. 54 2.28 5.83
A verIge. . 2.798 99 64 163........ ............

27,983
2,798

13,710
2,742

13,254
2,651

12,688
2,538

11, 475
2.' x5

51, 128
2, 557

13,609
2,721

12,736
2, 548

26,345

.0

.0

4.90
.98

7.50
1.50

8.00
1.60

.0

.0

20. 40
1.02

.0

.0

.0

.0

.0
2,635 .0

a Average aI(xlded to complete record.
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BENZOIC ACID AND BENZOATES.

TABLE XVI.-Calories balances for Series VIII-Continued.

[Averages are per day.]

Nc. 11.

1 2 3 4 5

Period.

Fore p

In In
food. feces.

period.
Calo-
ries.

16,085
3,217

17, 022
3,404

33,107
3,311

First subperiod:
Total..................
Average...............

Second period:
Total...................
Average................

Entire fore period:
Total..................
Average..............

Preservatire period.

First subperiod:
Total.................
Average.............

Second subperiod:
Total.................
Average..............

Third subperiod:
't'otal.................
Average.-...........

Fourth sub)period:
Total...................
Average................

Entire preservative period:
Total...................
Average............... .

After period.

First suhperiod:
Total................... 1f6,979
Averuge............... 3,3Ki

Second suhperiod:
Total................... Ifi,521
Average............... 3, :04

Entire after period:
Total................... 33,500
Average...............:3,3:50o

Colo-
ries.

359
72

393
79

752
75

17,278 587
3,456 117

16,413 549
3,283 110

16,864 359
3,373 72

15,114 491
3,023 98

In
urine.

Colo-
ries.

402
80

390
78

792
79

459
92

382
76

474
95

444
89

In
feces
and
urine

(2+3).

Calo-
ries.

761
151

783
157

In
feces
(2=1).

6 i7

In
urine
(3=1).

Per ct. Per ct.
2.23 2.50

2.31 2.29

1,544 2.27 2.39
154 ....... .....

1,046
209

931
186

833
167

935
187

In
feces
and

urine
(4=1).

Per et.
4.73

4.60

4.66

3.40 2.66 6.05

3.34 2.33 5.67
........-

2.13 2.81 4.94

3.25 2.94

I;3, t;9 1,986 1,759 3,745 3.02 2.68
3,283 99 88 187 ....... ......

503 257 760 2.96 1.51
101 51 152 ..............

4('8 425
94 85

971
97

893
179

2.83 2.57

6.19

5.70

4.48

5.41

682 1, 153 2.90 2.04 4.93
(8 1115 ....... ....... ........

8 9

Sodium
ben-
zoate

Balance admin-
(1-4>. istered

(calcu-
lated as
benzoic
acid).

Calories.
15,324
3,0t6

ti, 239
3.247

31,563
3, 156

16,232
3,247

15, 4s2
3,097

16,031
3,206

14, 179
2,836

61,924
3,096

16,219
3,244

15, t28
3, 125

31,847
3, 185

Grams.
0.0
.0

.0

.0

.0

.0

4.90
.98

7.50
1.50

10.00
2.00

2.50
.50

24.90
1.25

.0

.0

.0

.0

.0

.0

1259
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TABLE XVI.-Calories balances for Seies 'III-Continued.

[Averages are per day.]

Nm.,. 1'2.

8 9

Sodium
benzo-

ate

Balance idnin-
(1-4). istered

(calcu-
latcd acs
bn zoic
acid).

Fore period.

First subperiod:
Total.................
Average................

Second suhperiod:
Total.................
Average...............

Entire fore period:
Total ...............
Average.............

Preservative period.

First suhperiod:
Total.................
Average...............

Second subperiod:
Total...................
Average................

Third suhperiod:
Total...............
Average................

Fourth subperiod:
Total.................
Average...............

Entire preservative period:
Total ...............
Average.........

After period.

First subperiod:
Total...................
AXverage.............

Second suhperiod:
''otal................. .
Average................

Cal-
ories.
17, 640
3,528

18, 151
3,630

35, 791
3,579

18,197
3,639

17,744
3,549

17,163
3,433

15,809
3, 162

Cal-
ories.

636
127

535
107

1,171
117

522
104

449
90

433
87

686
137

68, 913 2, 090
3,446 105

16,733
3,347

16,069
3,214

Entire after period:
Total................... 32,802
Average................ 3,280

521
104

528
106

1,049
105

Cal-
ories.

355
71

385
77

740
74

427
85

403
81

404
81

346
6.9

1,580
79

355
71

330
66

Cal-
ories.

991
19 (1

Per ct.
3.61

920 2. 95
184. .....

1, 911 3.27
191 _.....

949 2.87
190 .......

8:2 2.53
170 .......

837
167

1,032
206

2.52

Per ct.
2.01

Per ct.
5. 62

2.12 5.07

2. 07

2.35

2.27

2. 35

5.34

5.22

4.80

4.88

4.34 2.19 6.53

3, 670 3.03
184 .....

876 3.11
175 ......

858 3.29
172 .......

1, 734 3.20
173 .......

2.29

2. 12

2.05

2. 09

5.33

5.24

5.34

5. 29

Calories.
16,649
3,330

1i,231
3 446

33, 840)
3.3.

17,248
3,449

16, 892
3,3709

16. :2
3,266

14,777
2,95V6

65, 243
3,262

15,857
3, 172

15,211
3,02

31,6t8i
3, 107

1260

'1 2 3

Period.

4 5

In
food.

In
feces.

In
urine.

6

In
urine
(3=1).

In
feces
and

urine
(2+3).

In
feces

(2+1).

7

In
feces
and

urine
(4-1).

(rams.
0.0

.0

.0

.0

.0

.0

4. 90
.98

7. i0
1.:0

10.00
2. ()

.0

.0

''. 40
1. 12

.0

.0

.0

.0

.0

.0
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TABLE XVI.-Calories balances for Series VIII---Continued.

SUM MA RIES.

[Averages are per man per day.]

N< . 1 and 4.

Period.

Fore period.

First superiod:
Total....................
Average................

Second suhperiod:
Total...................
Average................. .

Entire fore period:
Tdotal----.......... -
Average............ .

Preservative period.

1 2 3 4

In

In In In feces

food. feces. urine. rndurine
i (2+3) .

Calo-
ries.

29, 097
2,910

29,071
2,907

Calo-
ries.

650
65

699
70

58, 168 1, 349
2,908 67

First suhperiod:
Total................... 25,4X2
Average................. 2, 848

Second suhperiod:
Total.................... 28,160
Averag............... 2,816

Third subperiod:
Total..................... 28,039
Average.................. 2,804

Fourth suhperiod:
Total..................... 27,948
Average................. 2, 795

Entire preservative period:
Total..................... 112,629
Average............... 2,816

After period.

First subperiod:
Total..................... 27, 65
Average.................. 2, 766

Second subperiod:
Total..................... 27, 719
Average................. 2, 772

Entire-after period:
Total.... . .. .. . .. . ,375i
Averag.............2. 719

728
73

693
69

584
58'

2,570
64

731
73

646
65

1,377
ti9

Calo-
ries.

671
67

Colo-
ries.
1, 321

132

770 1,469
77 147

In
feces

('2+1)-.

Per ct.
2.23

2.40

1, 441 2, 790 2.32
72 139 .....

75 1,486 2.56
7i 149 .......

701
70

720
72

712 I
71

6 7 8 9

In Ben-
In feces Balance zoic

urine and acid
(3=1). urine (1-4j. admin-

(4=1). istered.

Per ct. Per ct. Calories. Grams.
2.31 4.54 27,77ti 0.0

.2,778 .0

2.65 5.05 27.1i02 .0
... .. .. .. .. 2,7 ti) .0

2.48 4.80

2.64; 5.22

1,2tifi 2.01 2.49 4.50
127 ....................

1, 413
141

1,296
130

2.47 I 2.57 i.04

2.09 2.55 4.64

2,891 5,4ti1 2.28 2. 57
72 137 ..... .....

726 1,437 2.64 2.(63 5.27
73 14t1 ....... ....... ........

651 1,297 2.33 2.3. 4.68
ti5 130..... ....... ........

1,377 2,754 2.49 2.48 4.97
69 13 ...................

55, 378
2,769

26i,996
2,6199

261.894
2, 6l9

26, 626
2,663

.0

.0

10.(0
1.00

15.00
1.50

20.N)
2.00

26,652 25.00
2, ti 2.50

107.168 70.00
2, 679 1.75

26,199
2,620

26, 422
2,642

.0

.0

.0

.0

.0
.0

52. 21
2, 631

1t

1261
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Period.

Fore period.

First suhperiod:
Total.................
A verage...............

Second sulbperiod:
Total................
Average............... .

Entire fore period:
Total.................
A verage..............

Preservat ire period.

First subperiod:
Total.................
A verage...............

Second subperiod:
Total.................
Average..............

Third subperiod:
Total..................
Average...............

First,second,andthird sub-
periods:

Total...................
Average.............

After period.

First subperiod:
Total...................
A verage.............

Second suhperiod:
Total............... ....
Average...............

Entire after period:
Total...............
Average.... ........

1 2 3 4

In

In In In feces
food. feces. urine. d

urine
(2+3).

Calo-
TiS.
71,971
2,879

72,798
,"112

144,769
2,895

72,372
2,895

70,792
2,832

70, 566
2,823

Calo-
ries.
2,208

88

2,444
98

4,652
93

2,583
103

2,175
87

2,501
100

213,730 7,259
2,850 97

69,526 2,564
2,781 103

69 865
2,795

139.391
2,788

6 '7 8 9

In
feces
(2'l1).

Calo- Calo-
ries. rates. Per ct.
1,694 3,902 3.07

68 156 .......

1,909 4,353 3.36
76 174 ......

3,603 8,255 3.21
72 165 .......

1,869 4,452
75 178

1,840
74

4,015 3.07
161 .......

1,888 4,389
76 176

5,597
75

1,812
72

1,896 1,
76

3,4,460
89

3. 54

In
In feces Balance

urine and Balan4e
(3÷1).' urine (

(4=1).

Perct. Per ct. Calories.
2.35 5.42 68,069

..... . ........ 2,723

2.62 5.98 68,445
-......- ...... .- 2,738

2.49 5.70 136,514
....... ..... . 2,730

3.57 2.58 6.15

2.60 5.67
....... ........

2.68 6.22

67,920
2,717

66,777
2,671

66,177
2,647

Ben-
zoic
acid

admin-
istered.

Grams.
0.0

.0

.0

.0

.0

.0

25.00
1.00

37.50
1.50

48. 00
1.92

12,856 3.40 2.62 6.02 .200,874 110.50
172 ... . ....... ........ 2,678 1.47

4,376 3.69 2.60 6.29 65,150 .0
175 ....... ....... . ....... 2,606 .0

693 3,589 2.75 2.42 5.17 66,276
68 144 ....... ....... ........ 2,651

505 7,965 3.24 2.52 5.76 131,426
70 159 ....... ................ 2,629

.0

.0

.0

.0

INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE X'".-alories halances for Series Iff-COntinue(.

SU.11iAiR I ES-Continued.

[Averages are per man per day.]

Ncos. 1, 2 , 4, 5, and( 6.



BENZOIC ACID AND BENZOATES.

TABLE XVI.-Calories balances for Series VIII-Continued.

SUMMARIES-Continued.

[Averages are per man per day.]

Nos. 7 to 1.

1 2 3 4 :

In

Period.

Fore period.

First subperiod:
Total.................
Average...............

Second subperiod:
Total.................
Average...............

In d. In In
food. feces. urine.

Calo-
ries.

89,826
2,994

92,771
3, 092

Entire fore period:
Total.................. 182,:597
Average................ 3,043

Preservative period.

First subperiod:
Total................. 91,536i
Average.. .. _........ 3,051

Second subperiod:
'Total................. 89,720
Average............... 2,990

Third subperiod:
Total.-_-. .. 88,810
Average....... . .. . 2,960

Calo-
ries.
3,065

102

Calo-
ries.
2, 112

70

In
In

and f cs urine an
urine (2+1). (3+ 1). uri
(2+3). (4÷

Calo-
Ties.
5,177

172

2,272 2,173 4,445
76 72 148

5,337 4,285 9,622
89 71 160

2,528 2,367 4,895
84 79 163

3,229
108

2,247
75

First, second, and third
subperiods:

Total.................. 270,066 8,004
Average . .......... 3,001 89

After period.

First subperiod: ,
Total.................. 88,771
Averag............... 2,959

Second subperiod:
Total.................. 84,639
A verage............... 2,821

Entire after period:
Total................ 173,1 II
Average................ '.

2, 988
100

3,248
10O

2,167
72

5 396
180

2,250 4,497
75 150

6,784
75

14, 788
164

1,985 4,973
66 166

e1
ne
11.

Peret. Perct. Per ct.
3.41 2.35 5.76

2.45 2.34 4.79

2.92 2.35

2.76 2.38

3.60 2.41

2.53 2.53

2.96

3.36

2.51

2.23

2,129 5,377 3.84 2.51
71 179. ............

3a
(1

2.37 5.97

8 9

Sodium
ben-
zoate

admin-
lance lstered
-4). (ctlcu-

lated as
benzoic
acid).

CaloUrirS.
84, 649

88,326
2,944

5.27 172,975
........ 2,883

5.31 86,641
..---..- 2,888

6.01 84,324
........ ' 2,810

5.06 84,313
........ 2,810

5. 48

5.59

6.35

255, 278
2,837

83.798
2,793

79,262
,6 fi.)

Grams.
.0
.0

.0

.0

.0

.0

29. 40
.98

45.00
1.50

8. 00
1.93

132. 40
1.-47

.0

.0

.0

.1

6,23i 4, 114 110,35) 3.ai 1.
104 lw 172. .......

1263
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1 2 3 4 5

Period. In
food.

Fore period.
Calo-

First subperiod: ries.
Total ................. 161,797
Average ............... 2,942

Second su period:
Total.................. .165, 569
Average................ 3,010

Entire fore period:
Total.....-...... . 327, 3166
Average............ 2, 97t

Preservative Period.

First subperiod:
Total.................. 163,908
Average ... ............ 2,98)

Second subperiod:
Total ................. 160,;,12
Average.............. 2,918

Third subperiod:
Total.... .............. 159,376
Average................ 2,898

First, second, and third
subperiods:

Total...... ......... 483,796
Average....... ........ 2,932

After period.

First subperiod:
Totl.................. 1:8,297
Average................ 2,878

Second subperiod.
'Total................. 154, ,1)4
Average................ 2,8449

IEntjre after~ period:
TIotalI........ .. 312, 801
Average..........2,844

In

In
In feces

urine and
urine
(2+3).

Calo- Calo- Calo-
ties. rics. ties.
5,273 3,806 9,079

96 69 165

4,716 4,082 8,798
86 74 160

9, 989
91

5,111
93

5, 404
98

4, 748

7, 888
72

4,236
77

4,007
73

4,138

17, 877
163

9,347
170

9,411
171

8,886
86 7 5 161

15,263 12,381 27,644
93 75 ; i8

5,552 3 ,797 9 ,349
101 (69 170

5,144 3,822 8,96611
!4 19 1113

10,6i9t
97

7,619
(69

18,315
167

6 7

In
In In feces

feces urine and
(2=1). (3+1). urine

(4-1).

1'cr ct. Pcr ct. Per ct.
3.26 2.35 5.61

2.85 2.47

3.05 2. 41

5.31

8 9

P re-
serva-
tive

adnin-
Balance istered
(1-4). (calcu-

lated
as heH-

zoic
acid).

Calories.
152,718

2,7 I

156,771
2, 850)

G

5. 46 309, 489
........ '2,813

t.12 2.58 5.70 1 154, 51
....... .- . ... ... ... 2,8 10

3.37 2.50 5.86 151,101
....... ....... ...... . '2,747

2.98 2.60 5.58 1:><),490
...... ---...... ----- " ..2,737

3.15 2.56 5.71 456,152
.... .. ... .. ... ... 2,764

3.il 2.40 5.91 148,948
.... .. ..... ... .... 2, 708

3.37 2.48 5.85 145,:538
. . . .... ....... ........ ( 12.6 4

3. 44 2.44 5.88 294, 486
2,677

rams.
0.0

.0

.0

.0

.0

.0

54.40
.99

82.50
1.50

106.00
1. !3

242.90
1. 47

.0

.0

. 11

.0 l

.0

.0

SOLIDS BALANCE.

'111 lll11 ('10 of the 1 )('1lIOlc li(I 1111(1 l)(llZOitt 0(8 11f)1)11 t1e

('XCI'(l 11ol I 11c sl1(d s 1 it 11111tt t ' ot ot11 V Ill(llt 111I Jlll)Ortfill(l(' 111 SO)

far 2S it. l)eas 1)1)11 1) le 1111t )Iolstl Of I 1ie d(ifeeIlt'll 1 e lells Cntel'11

ilt) te food.
INI)Il'Il)i'A I)A'I'A.

No. I .

The data for No. I slom- virt nally no cluing(e inl the excretion of

t 11c' s0 licl ll (111 J)rOs fl'lli' 1)pe il( ) ('xcel)t lll it le the' 11100080c1 (1

slightly ill tlie fee's dlurilng he I(' after I'lJ)iml a(1 decreased(I' i th

INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XVI.-('alories balances for Series VIII-Continued.

St'MMARIES-Continued.

[Averages are per man per day.]

Surnnary foxr Nos. 1 to 12, oinittinsr No. 3.
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urine, with a resulting decrease in total elimination of 4 grams daily.
The percentage data show practically the same relations and both
balances and amounts ingested decrease slightly throughout.

No. 2.

In the case of No. 2, the solids in the feces are increased in the pre-
servative period and this increase is continued, though not to the
same degree, in the after period. The same changes take place in
the solids excreted in the urine. The total solids, therefore, in both
feces and urine are considerably greater in the preservative period
than in the fore period (10 grams daily), while in the after period the
increase is only 4 grams as compared with the fore period. This
increased excretion takes place not witlstan(lilg the slight ((ontinuous

decrease in solids ingested, amounting to S and 1 7 grams daily inl t le
preservative and after periods, respectively.

No. 3.

In the case of No. 3 there is also a slight increase in the solids
excreted in the feces in the preservative period and the ami1ountu in
the after period is less than in the fore period. The soli(ls of the
urine remain practically unchanged. Little effect is notice(1 in this
case upon the excretion of total solids, the percentage (lata showing

an increase 'in total (lililllnation ol only 1.0) p(r1 celt withIi a decrease
of 2.0;) per cent in the after period as compared withii t le preserva-
tive period.

Ao . - .

In the case of No. 4, there is practically no effect produced upon
the excretion of the'solids either in the feces or in1 tlie urmne, as is

shown by both the actual quantities and the percentage dlata, the
figures being remarkably constant throughout.

N.1.. ..

The dat a for No. 5 show a slight increase in the soli(ls excrete(d in
the )reservative perio( both in the feces anld inl the urine and the
(creah5s(' inl the balance (4 grits Ia li ) , is netoIn1pi ie'd )V ain in1-

creased ingest ion of 4 graIns. 1In t lie after period there is a uniform
tendency to resume the conid it ions of the fore period.

N o. r;.

The data for No. t show 1 (lecrease in the so lids excreted in the
fees of ; grails dilI' antd Il) clantge ill t ll' solids ill t li' nel'1it! ill t le
pr('es'ervlat ive period. II t h(e after perio(1 t here is a Iet'creast' in hot hl
cases. 'I'he percent age fiigulres Slhow t ht I t hitere iS prnet ienlly no

change in1 total eliiniation until tihe after period w1hieni a slight
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decrease takes place. The decreasee in the balance of 16 grams is
accompanied by a decrease in ingestion of 20 grams in the preserva-
tive period; the ingestion in the after period is almost the same, but
the balance increases 10 grams as compared with the preservative
period.

No. 7.

In the case of No. 7 it is seen that there is a slight decrease in the
solids both in the feces and the urine during the preservative
period, the total decease amounting to only 2 grams per day; in the
after period the decrease is again 2 grams, due to a large decrease in
the metabolized solids, the nonmetabolized solids 1beinr increased
5 grams. The percentage data show practically no chang e in the
preservative period and an increase of 1 .25 per cent in the after
period.

Ao. 8.

In the case of No. 8 there is an increase in the solids both in the
feces and urine during the preservative period, the total amounting to
S grains daily, while the amount ingested decreases S grains. In the
after period the excretion decreases 2 grains, while the amount

ilgested increases 6 graIns. The percentage data show ai increase
of 1.44 per cent in total excretion in the preservative period followed
by a very slight decrease not returning to the figures of the fore
period. 'Tle balance decreases 16 grains in t he )reserv-ative period
and S graIns in the after period a.s compared with the fore period,
accompanied by a decrease of S and 2 grains, respectively, in ilges-
tionl. These data w)uld in(licate a considerable decrease in the assim-
ilationi of solids.

Inl the case of No. 9 there is a decrease of 5 grains daily in the solids
during the preserv"ative period in the feces and a slight increase (2
grantis) in the soils in t le urine. The total pJercent age decreasee in
e(illiiat1io is very slight, al)out 0.4 per cent. The balance in the

I)r(s(rPTtlVB )ei'lo(1 (leeIL'es(s ' () rIalls (1 ailv, 1)111 t 10i a1ouIt llIllgested

('I(reass 14 grLills. I11 tllie a10 (t'r )erilo(1 )(I're i fllit 1er (lerfellse Of

2gr iis lli1 tIllh iio1111t of Soii(s illlst1(i , Whe11 ( lie bla211ce flft he

(1('ses 12 gral1ti. 1 I is case there is 1)ract clltlit 110 (Oflect pro-
dluced Wh1ich cii be a1l ril)llt(d to I 1ie J)reserfYt ive, I loullh here is a

sili it Iel(1 (110 to 111c00 0se ssiti111ilt 1011 ill the t 5pres(rof a iVe )eri(l(.

No. 10.

Inl the case (of No. 1O there is little (lifferenice in the (2ua1ntity of

s(olids ill t Ile feces anr(d urine il the fo)re amll 1reservat i v(' p)eriols, )ult
the Ve r i utlt 011(bl(i0C to illirPI'Lms ('XcFelluiIl is accolll))illie(I 1V 1

(1('I !S('s Ill lilresl loll of *li (tlLillli 1eI' (iaL". t1'e' l ll f11 fIcrls Ill
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excretion is 3 grams, or 1.52 per cent. The balance decreases 49
grams, 3 grams more than the decrease in ingestion. In the after
period there is a continued increase in total excretion amounting to
4 grams, but the amount of solids ingested increases 21 grams. The
percentage data, therefore, express the correct relation, and they
show practically no change in the after period as compared with the
preservative period. The balance increases 17 grams as compared
with the preservative period, but the amount ingested, as before
stated, increases 21 grams. There would seem to be in this case a
slight tendency to decrease the assimilation of solids under the
influence of the preservative.

1 o. 11.

In the case of iNo. 11 there is a notable increase in the solids both
in the feces and in the urine during the preservative period, the total
increase averaging 11 grams daily, a percentage increase of 1.85. In
the after period the excretion is less than in the preserv-ative period,
but does not quite return to the figure of the fore period. The balance
decreases in the preservative period 13 grams daily, while the amount
of solids ingested is almost unchanged, decreasing only 2 grais. In

the after period the average dlailv balance increases 23 grams, as
coImlpared with the preservative period, and the amount ingested
increases 16 grams. There is again a slight tenodencv shown to
decrease the assimilation of the total solids in the preservative period.

No. 12.

In the case of No. 12 there is a slight decrease in the solids in the
feces and an increase in the soli(ls in the urine in the preserv-ative

period, the effect on total excretion being an average increase of 5

graIns daily, representing a percentage increase of 1.07. IIn the after

period the total solids excreted decrease 10 gralis, reaching a figure
less than in the fore period)(l, though the pler'celltage of excretionl is
about the same. The b1a2a1lae decreases 25 grains daily in th1e pre-

servative period, while the amount ilgeste(d decreased 20 gralls; in
the after period, there is a further decrease of 17 grans, the amount
of s lids ingeste'dI, 11)wer('I, (Ice reasinJig 27 gr I115. 1'l' is 1in11 a

slight tendIlev to tlecrease tIle assimiiilt ion of liel iii tIlie p reserv"a-

l'.1 1.11ltlEN ..

The sullliary for N os. I alkl 4 is of inttcrest ciiiell"V because t hey

cGIll00ltltc(I the (1tire tl)sc ratYiOU CV)OY'rillg :L )rtsPrvat il't pt riots of
t Welit V d is. 'Phis 1I1iiillllf' shows practically' 110 ot'ect upon the
lh't2hohtt Ill of tht'e solidS Uts t W100o. The alctl IllIullllts et'Ieted

IlI 1 1 te ['t' ) io l s life' VI tlill t 1' 5211110, I iPt lillgr allli : rl'illls
il 1 h preIserlVtille after perild, esp)ctlv'tl'IV, RS Ctll)tzlled Wit1



INFLUENCE OF FOOD PRErERVATIVES ON HEALTH.

the fore period, while the amounts ingested decrease 13 and 23 grams,
respectively. The percentage data accordingly show a very slight
increase in the preservative period, and this is maintained in the after

period. The balance decreases 12 and 20 grams in the preservative
and after periods, as compared with the fore period, being slightly less
than the decreases in ingestion. The tendency to decrease assimila-
tion in this case is so slight as to be purely theoretical, and no conclu-
sion could be based upon these figures alone. It was to be expected
that these subjects would show less effect from the preservative
inasmuch as they showed a greater ability to tolerate it than the
other subjects. For Nos. 1, 2, 4, 5, and 6, and Nos. 7 to 12, inclusive,
both excluding the fourth preservative subperiol, and the comlbined
data for the eleven men, including all but No. 3, for the same period,
gives the final survey of these data in comparable form.

The summary in the case of the five men receiving benzoic acid show
almost no change in the solids in the feces (luring the three periods.
There is, however, an average increase of 1 gram flaily accompanied
by a decreased average ingestion of 5 grams. There is a slirlt increase
in the solids in the urine during the preservative period, amounting to
3 grams daily. Expressed in percentages it is seen that of the solids
ingested 3.18 per cent appears in the feces in the fore period, 3.40 per
cent in the preservative period, and :3.23 per cent in the after period.
This shows a very slight tendency on the part of the preservat-ive as
benzoic acid to increase the quantity of solids in the feces. In the

urine there appears in the fore period 9.89 per cent of the solids ingested,
10.38 per cent in the preservative period, and 9.96 per cent in the after
period, showing a slight tendency on the part of the benzoic acid to
increase the solids in the urine also. This may be influenced to some

extent by the increase in the llippuric acid inl the urine and the benzoic
acid excreted as such. The total excretion is increased only 0.71 per
cent in the >reservativ e period and decreases very slightly i i the after
period. The balance decreases throughout anId to a slightly greater
extent than the amount ingestedl in the pI'es('I'vative period. In this

case there is a slight tendelcy to decrease the assimnilation of tle total

solids.
In the case of Nos. 7 to 12, inclusive, there is no change in the

quialnt it v of solids ill t le feces in th e preservat ive period and a slight
1irease in1 t Ie af1.teor period. Inl th ie uin 1'lie t he re is a slight increase

in tth(1 in I le )reservative lerio(l alld a decrease in thlie after

le riod. Ih ai)onilts of solids ingested decrease N grains in the

fpHfVatiVP lerio(ld 17 grlulls Illore in I lte aIfter period. :X-
)fssed S fer(filiti ages of I l 1nol11s in1gested, 3.0r per cent (f

soliiIs laupei r inl the feces inl the fore period, 3.11 per cent in the

Inrcse.va \'tivc period, and( :;.t 1 laer cent in the aIter lperiod, a slight
itteuse t hrouiglhoi t . In the case of t he solids nlppelaring il t he urinel
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BENZOTC ACID AND BENZOATES.

9.98 per cent occur in the fore period, 10.84 per cent in the presery-
ative period, an(1 10.31 per cent in the after period, again an increase
in the preservative period, but a slight decrease in the after period.
The increase in total excretion in the preserv-ative period is 0.92
per cent, with practiaclly no change in the after period. The balance
decreases 12 grams and again 15 grams in the preservative and after
periods, respectively, as compared with a decrease of 8 and 17 grams
in ingestion. These data, therefore, uniformly indicate a very slight
decrease in the assimilation of total solids.

In the total effect produced in the case of the eleven men it is
seen that there is a slight increase in the quantity of solids excreted
in the feces in the preservative period, and this is maintained in the
after period. There is also a. slight increase in the quantity of solids
excreted in the urine in the preservative period, blut this increase
is lost in the after period. lThe increase il total elimination aimolunts

to 4 grams daily in the preservative period, while t he figure for the
after period is exactly the same as in the fore period. Expressed as
percentages, it is seen that of the total 50olils in the food :3.11 per cent
is excreted in the fore period, in the preservative period 3.24 per cent,
and in the after period 3.49 per cent, a slight increase t birolghout.
Of the total solids in(gestedi there appears in the urine in the fore
period 9.94 per cent, in the Ipreservative period 10.63 per cent, and

in the after periodI 1 0.16 per cent, again a slight increase in the pre-
servative period, but a practical return to the condition of the fore
period in the after pe. io(l. The balance is (Iecr'eased 11 grains daily
in the preserva'tive perio(l, while the ingestion decreases only 7 grains;

in the after period there is a further lecrease of 10 gramls, but a
decrease in amount ingested of 14 grams, in(licating a tendency to
increase assimllilation on the with(lrawal of the preservative.

We may, therefore, infer that there is a very sli ght effect )rodlicedl
as a whole by the benzoic acid and the benzoate of- da in increasim
the quantityy of soils exCretel inl the feces an(I inl the l1IIE, als showiI
by the figures giving actual amnouInts and )y t he decrease in hialanice
as well as by" the percent age figures. TPhis effect, however, is of no

practical mnagnitdlel(' allnd can oinly )he regiarled as5 showing: a uniform

tennIlcy onl the >)nrt of t hle lreserva.t ive to list ui) t lie mlletabolic

prolce'ssEs.
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120 i

Period.

Fore period.

1 2 3 4 5 G '7
In In

In In In feces In In feces
food. feces. urine. and fece i urine and

urine (2+1). (3=i). urine
(2+3). (41).

8 9

Ben-
Bal- zoic

ance acid ad-
(1-4). minis-

tered.

First subperiod: Grams.
Total............... 2,980
Average............... 596

Second subperiod:
Total................... 3,076
Average...................15

Entire fore period:
T otal................... fi,05ti
Average............ ... 60ti

Preservative period.

First subperiod:
Total..................2,957
Average................. 591

Second subperiod:
Total..................2,953
Average................ 591

Third subijeriod:
Total................... 2,908
Average................ 582

Fourth subperiod:
Total.................. 2.9711
Average................. 595

Grams. Grams. Grams. Per et.
42 298 340 1.41

8 60 ! 18 .......

(64
13

106 '
11

il
12

42
8

ti
13

40
8

312 376 2.08
6'2 75 .......

(10 71ti 1.75
til 7 .......

3051 3(its 2.06i
til 73

62
351

70

302 3ti8
60 74

Per ct.
10. 10

Per ct. Grams. Grams.
11.40 2,640 0.0

-.....-- 528 .0

10.14 12.22

10.07 11.82

10.31 12.37

1.42 10.4ti 11.89

2.27 10.39 12.5ti3

314 354 1.34 10.55 11.90
6i3 71 ............... ........

2,700
540

5,340
534

2,591
518

2,602
520

2,540
508

2,622
524

.0

.0

.0

.0

5.00
1.00

7.50
1.50

10.00
2.00

12.50
2.50

Entire preservative period:
Total.................
A verage..............

After period.

First subperiod:
T otal...................
A verage...............

Second subperiod:
Total.................
Average...............

E entire after period:
Total............. ..
A verage................

11,794
50 N

2, 860
572

2,813
:,fi3

5,ti73
5,7

209
10

64
13

t6 2
12

124?i
13

1,234) 1,439
6i2 72

289 353
58 71

270 332
54 1116

1.77 10.43 12.20

2.24 10.10 12.34

2.20 9.(i0 11.80)

10,355 35.00
518 ' 1.75

2,507 .0
501 .0

2,481 .0
497 .0

559 (185 2.22 9.85 12.07 4,988 .0
5ti f8i....... .............. .499 .0

INFL"EN('E OF FOOD PRESERVATIVES ON HEALTH.

TABLE X "II.--Solids balances for Series VIII.

[Averages are per day.]
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BE\ ZOIC ACID AN\D BE\ ZOATES.

TABLE XVII.-Solids balances for Series I'YII-Continued.

[Averages are per day.]

c>. .-t.

Period.

Fore period.

First subperiod:
Total.................
Average..............

Second subperiod:
Total.................
Average..............

1

In
food.

Grains.
3,255

651

fe

Gr

2 3 4 3

In

In In feces In
S uIne and feces

ces. urine, urine (2+1).
(2+3).

ams. Grams. Grams. Per et.
104 327 431 3.20

21 65

3,335 126 375
667 25 75

Entire fore period:
Total................. 6,590 230
Average................ 659 23

Preserratir'e period.

First sulperiod:
Total...................
Average..............

Second sulperiod:
Total...................
A verage..............

Third subperiod:
Total...............
A verage................

Fourth subperiod:
Total.................
Average...............

Entire preservative period:
Total.................
Average............-

After period.

First suhperiod:
Total.............. ..
A verage.............

Second subperiod:
Total...................
A verage................

Entire after period:
T otal............. .....
Average.............

3,294 137
659 27

3,250 144
650 29

3,309 150
(162 30

3, i:;
t;33

13,018
651

3,167
633

3, 1 ti
634

6,335
634

136
27

567
28

137
27

121
24

858
26

86 .....

501 3.78
100 ... .

702 932
70 93

369
74

385
77

382
76

3.56
71

1,492
7 i)

357
71

351
70

708
71

506
101

3.49

4.16

6 7 8 9

In Ben-
In feces Bal- zoic

urine and ance. acid ad-
(3+1). urine (1-4) minis-

(4+1). tered.

Peret. Per ct. Gra m.c.
10.05 13.24 2,824

..... .. .. ..... 565
11.24 15.02 2,834

..--.. -.. -........ 56 7

10. 65 14. 14

11.20 15.36

529 4.43 11.85 16.28
106 ....... ..............

532 4.37 11.53 15.90
106 ... ... .. -.... ... .....

492 4.30 11.25 15.55
98 ....... ........ .......

2,059 4.35 11.46 15.82
103 ....... ........ ........

494
99

472
94

964i;
97

4.33 I 11.27

3.82

4.07

15.60

11.08 14.90

11.18 15.25

5,t58

2, 78
.558

2,721
544

2,1777
5ti i

2,173
.535

10,959
54ti

2,673
534

2.6 9
540

5, 369
537

Grams.
0.0

.0

.0

.0

.0

.0

5.00
1.00

7.50
1.50

10.00
2.00

2.50
.50

2. 00
1. 5

.0

.0

.0

.0

.0
.0
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INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XVII.-Solids balances for Series 7II-Continued.

[Averages are per day.]

No. 3.

Period.

Fore period.

First subperiod:
Total.................
Average...............

Second subperiod:
Total.................
Average..............

Entire fore period:
T otal...................
Average................

Preservative period.

First subperiod:
Total...................
Average.............

Second subperiod:
Total..................
Average................

Third subperiod:
Total................-
A verage................

Fourth subperiod
Total................
A verage................

Entire preservative period:
Total...................
Average.............

After period.

First subperiod:
Total................
Average..............

Second subperiod:
Total..................
Average................

Entire after period:
'otal.................-
Average... ............

1 2

In In
food. feces.

3 4

In
feces

ine. and
urine, urine

(2+3).

Grams. Grams. Grams. Grams.
3,225 91 288 379

t;45 18 58 76

3,257 93 306 399
(151 19 61 80

6,482 184 594 778
648 18 59! 78

3,300

3,301
660

2,483
497

3,183
637

112 303
22 61

127 346
25 69

52
10

12,2G17 415
613 21

3,362 75
t7 2 1 :

3,295 73
(59 15

6,657 148
6li 15

258
52

124 279
25 54;

6

In
feces

(2-1).

Per et.'
2.82

2.86

2.84

3.39

3.85

2.09

3.91

2.23

2.22

732 2.22
73 ......

415
83

473
95

310
62

403
81

1,186 1,601
59 80

306 381
61 76

278 351
51i 70

584
58

I n
urine
(3-1).

Per et.
8.93

9.40

9.16

9.18

10.48

In
feces
and

urine
(4-1).

Per et.
11.75

12.25

12.00

12.58

14.33

10.39 12.48

8.77 12.66
........

9.67 13.05

9.10 11.33

8.44 10.65

8 9

Ben-
Bal- zoic

ance acid ad-
(1-4). minis-

tered.

Grams.
2, 846

569

2, 858
571

5,704
570

2, ,85
577

2,828
565

2,173
435

2,780
554H

Grams.
0.0

.0

.0

.0

.0

.0

5.00
1.00

7.50
1.50

1.00
.20

.0

.0

10,6titi 13.50
533 .t68

2,981
59ti

2,944
3S9

.0

.0

.0

.0

.0

.0
8.77 11.00 5,925

...... .. ...... 593
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BENZOIC ACID AND BENZOATES.

TABLE XVII.-Solids balances for Series VIII-Continued.

[Averages are per day.]

No. 4.

1

Period.

Fore period.

First subpcriod
Total...............
Average................

Second suhperiod:
Total................
Average...............

Entire fore period:
'Total...............
Average............

Ireserratire period.

First subperiod:
Total.................
Average................

Second subperiod:
Total.................
Average...............

Third sulbpcriod:
Total...................
Average..............

Fourth sulperiod:
Total.................
Average................

Entire preservative period:
Total.................
Average............

Aftet period.

First suhperiod:
Total.................
Average...............

Second sulperiod1:
'Total.................
Average................

2 3

In In In
food. feces. urine.

Grams. Grams.
2, 654

331

2, 78
516

3.282
523

2,610
-9.)

2. 5(i!
514

2,596
519

2,515i
50:3

10, 2N)
514

2. 5ti0
512

2,613
521

83
17

67
13

Grams.
261

52

2tis8
54

150 529
15 a53

76
15

68
14

(68
14

74
15

2848
14

79
16

f62
12

25
51

261
52

260
52

258
52

45'6 7

In In
feces In In feces
and feces urine and

urine (21). (3+1 urine
(2 3). (4÷1 .

Grams. Per (t. Per rt. Per et.
344 3.13 9.83 12.96
6')..... ........ ........

335 2. 60 10. 40 12. 99
67..... ........ ........

679 2. 87 10. 11 12. 98
68 ....... ........ .......

:331 2. 11 9.77 12.68
66 ... . . .1....._ .

329 2.65 10.116 12.81
66..... ........ ........ I

3128 2.62 10.02 12.t3 p

66 ...... ........ ........

332 2. 94 10. 2i 13. 20
66 ....... ........ ........

1,034 1,320 2.78 10.05
52 66 ...............

288
58

240
48

367 3.09 , 11.25
73 ....... ........

302 2.37
60 ...... .

9. 18

12.82

14.34

11.55

8 9

Ben-
Bal- zoic
ance acid ad-
(1-4. minis-

tered.

Grams. Grams.
2,310 0.0

462 .0

2.243
449

4. 553

2, 279
456

2.240
448

2. 26S
453

.0

.0

.0

.0

5.00
1.00

7. 50
1.5,01

10. 0I0
2.00

4'7 2.50

8. 970 35. 00
448 1.75

2,19.3 .0
4'39 .0

2.313 .0
463 .0

9, 50ti ' . 0
451 .0

Entire after period:
'T tal...........
A average ......

........ 5,175 141

........ 518 14
528 669 2.72 10.20 12.9:3

153 67 ..... .- .... .......
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INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABl.F: XV"II.-Solids balances for Series I'III-Continued.

[Averages are per day.]

1 0. .- ,.

1

In
food.

Period.

Fort period.

First subperiod:
Total ...............
Averaee.. ..............

Second subperiod:
rTotal.................
Average..........-

Entire fore period:
'Tota l........... ..
Ave ra ce...... ..

Grams.
2, ali:3

473

2. 486
4! ;

4,849
48:,

Preservative period.

First subperiod:
Total..................
Average...............

Second subperiod:
Total.................
Average..............

Third subperiod:
'rotal...................
Average...............

Fourth subperiod:
Total................
Average..............

Entire preservative period:
Total...............
Average........ . ..

After period.

2,451
490

', 05
501

2,435
487

2, 397
479

9, 788
489

First subperiod:
Total.................. 2,462
Average................ 492

Second subperiod:
'total.................. 2,495
Average................ 499

Entire after period:
Total................... 4,957
Average..............496

2

In
feces.

Grams.
4fi

9

78
16

124
12

87
17

72
14

75
15

94
19

328
16

'7
19

61
12

158

3 4 5 6

In

In feces In In
and feces uriurine, urine (2÷1). (3=

(2+3).

Grams. Grams. Per et. Per
a210 256 1. 95 8.

42 51........ .....

205
41

415
42

220
44

a246
49

241
48

a 202
40

909
45

a 222
44

202
40

424
42

ne
1).

ct.
89

7 8 9

In Ben-
feces Bal- zoic
and ance acid ad-

urine (1-4). minis-
(4+1i. tered.

Per ct. Grams. Grams.
10.83 2,107 0.0

......... 422 .0

11 :38 2 20'3 0243 3 1.4 --- 5 , .
4410 .0

539 2.56 8.56 11.12
54 ....................

307 3.55 8.98 12.53
i1 ....... ........ .......-

318
64

316
63

296
59

1,237
62

319
64

263
53

582
58

2.87

3. ()

3.92

3.35

9.82 12.69

9.90 12.98

8.43 12.35

9.29 12.64

3.94 9.02 12.96

2.44 8.10 10.54

3.19 8.55 11.74

4, 310
431

.0

.0

2,144 5.00
429 1.00

2,187
437

2,119
424

2,101
420

7.50
1.50

8.00
1.60

3.00
.60

8,551 23.50
427 1.18

2, 143
428

2,232
446

4,375
438

.0

.0

.0

.0

.0

.0

a Daily average added to compulleto record.
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BENZOIC ACID AND BENZOATES.

TABLE XVII.-Solidus balances for Series VIII-Continued.

[Averages are per day.]

c . f i.

Period.

Fore period.

First subperiod:
Total..................
Average...............

Second suhperiod:
Total...................
Average................

Entire fore period:
Total...................
Average...............

Preservative period.

First suhperiod:
Total.................
Average...............

Second subperiod:
Total.................
Average...............

Third suhperiod:
Total.................
Average...............

Fourth suhperiod:
Total.................
Average...............

Entire preservative period:
Total.................
Average.............

After period.

First subperiod:
Total................
Average.............

Second whp~reriod:

1 -

In In
food. feces.

Grams. Grams.
2,880 162

574, 32

2. 888
578

135
27

5,7 8 297
577 30

2.9.38
588

2.767
55.3

2.743
549

2,695
539

147
29

110
22

134

3

In
urine.

f

u
(2

GGrams.
289

38

273
a;)

4 5 6 7

In In
Bces In In feces
nd feces urine and

rine (2+1). (3=1. urine
+3). (4÷1>.

rams. Per ct. Per ct. Per ct.
451 5.6i2 10.0.3 15.66 l
90..... ........ ........

408 4.617 9.45 14.13
82 ....... .............

5421 859 5.15
56 86 .......

282 I 429 5.00
56 84i -....

289 399 3.98
58 80 ......

282 41t; 4.89

9.74 14.89

9.60 14.60

10.44 14.42

10.28 15.17
27 56 S3 ....-.. -....... ........-

114 273 387 4.23 10.13 14.36
23 5 5s .-..... ........ -.......

8 9

BeIn-
Bul- zoic
ance acid ad-
(1-4 . minis-

tered.

Grams.
2. 429

4'. ti
2. 4N)

494i

4.909
491

2. 50
502

473

Grams.
0.0

.0

.0

.0

.0
.0

5.00
1.00

7. i4
1.540

2.327 10. 00
4t:6 2. x

2.308
462

.0

.0

11.143 505 1,126 1,631 4.53 10.10 14.64 9.512 22.50
557 25 56 82 ...... .............. 475 1.13

2 1 3 2

2, 769 136 279 I 41:i 4.91 10.08 14.99 2,354 .0
554

Total................... 02,814
Average................. 5463

Entire after period:
Total.................. 5, 5'3
Average............... 5:

27 561

a66 a255
13 51

20)2
20

83 ....... ........ ....... 471

a321 2.35 9.0i 11.41 2,493
6"4 ...... ........ ........ 499

: 34 736 3.. .. .. i 1:3.1

.0

.0

.0

.0

.0
4. 47

485

a Daily average adlded to comlete' record.
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INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XVII.-Solids balances for Series VIII-Cout inued.

[Averages are per day.]

No. 7.

1

Period. In
food.

Fore period.

First suhpcriod:
Total...................
Average................

Second suhperiod:
Total.................
Average...............

Entire fore period:
Total.................
Average............

Preserv'atirc period.

First suhperiod:
Total.................
Average..............

Second suhperiod:
Total.................
Average..............

Third suibperiod:
Total.................
Average........... ....

Fourth subperiod:
Total.................
Average...............

Entire preservative period:
Total..........-.
Average.............

After period.

First subperiod:
Total...............
A verage.............

Second subperiod:
total..................
Average............

Entire after period:
Total................. .
Average............

Gra m.c.

2,f72

5, 202
320

2. 1I:3
"I! 'a

2,5!1
.1

2, 619
524

2 3

In In
feces. urine.

Grams. Grams.
93 271
191 54

88 282
18 56

181 553
18 55

78
16

10.i
21

72
14

2,290 73
47:R 15

9, 963
498

2, 387
477

2,075
"115

4, 1t 2
446

326
16

95
19

117
23

212
21

- ' ;)

55

262
52

27.
55

1, 084
54

237
"17

239
48

476
48

4

In
feces
and
urine

(2+3).

Grams.
3t4

73

370
74

15 6

In In
feces urine
(2=1). (3=1).

7

In
feces
and
urine

(4+1)~.

B
a

(1

Per et. Per ti. Per ct. I
3.68i 10.7i1 1-1. 39

-..--.. ..-.-... ------..-

3.29, 10.:5

734 3. 48
73.......

348
70

8 9

Sodium
ben-
zoate

Bal- admin-
nce istered
-4). (cdclu-

lated as
benzoic
acid).

ams. Grams.
2, 16i6

433

13.85 2,302
....... _ 4ti0

0.0
.0

.0
.0

10.63 14.11 4,468 .0
................ 447 .0

3. 17 10. 9 14. 13

380 4.05 10.61 14.67
76i .-..-. ....... " -..-.-.- "

334
67

2.75 10.00

350 3. 19
70 .......

1, 412 3. 29
71.......

332
66

356
71

688
69

3.98
-.-..

5.f1

12. 10

12. 75

13. 28

10. 88 14. 17
........ ........

9.93 13.91

11.52 17.16

4.75 10.67 15. 42

2,115
423

2.211
442

2,283
457

1,940
388

4.90
.98

1. 0

10. 00
2.00

6.
1.

.0

8, 551 28. 90
427 1.45

2,055
411

1,719
344

:,774
377

.0

.0

.0

.0

.0

.0

I

12i
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.



BENZOIC ACID AND BENZOATES.

TABLE XVII.-Solids balances for Series VIII-Continued.

[Averages are per day.]

No. 8 .

1

Period.

Fore period.

First suhperiod: Grams.
Total.................. 2,843
Average.................569

Second subperiod:
Total................... 2,935
Average................ 587

2 4

In
In In In feces

food. feces. urine. andurine
(2+3).

Grams.
126
25

49
10

Grams. Grams.
290 416

58 8:3

5 1 6

In In
feces urine
(2+1). (3+1).

1'er ct. Per et.
4.43 10.2(0

280 329 1.67
5(i 6. .......

9.54

7 8 9

Sodium
be n-

In zoate
feces Bal- admin-
and ance istered
urine (1-4). (calcu-
(4+1). lated as

benzoic
acid).

Per rt. Grams.
14. t.3 2,427

-.-...-. 486

11.21 2,606
....... 521

Grams.
0.0
.0

.0

.0

Entire fore period:
Total................... 5,778 175 a50 745 3.02 9.86 12.89 5,033 .0
Average................ 578 18 57 74 ....... ........ ....... 504 .0

Preservative period.

rst su pero:
Total...................
Average.............

Second suhpcriod:
Total...................
Average.............

Third suhperiod:
Total..................
Average...............

Fourth subperiod:
Total...................
A verage...............

2,9:33
5s7

2,820
St 4

2,'t40
548

112 303 415 3.82 10.33
22 61 83........ .......

100
20

99
20

2,Rot6 105
Mil 21

a 30f6
61

308
62

300
60

406 3.55
81 .......

407 3.49
81 ......

405
81

10.85 14.40

10.85 14.33

3.74 10.69 14.43

Entire preservative period:
Total................... 11,399 416 1,217
Average................ 570 21 6il

A fter period.

First subperiod:
T ota l...................
Average.............

Second sihperiod.
Total...................
Average................

E'ntlre after period:
Total...................'
AveraKe..............

2,907
581

2, 858
572

5,7th
576

109

117
23

2i
23

304
61

1, t3:3 3.65

413
83

3.75

275 392 4.09 9.ti2
55 78 ..--..- ....--- .-

579 805 3.92 10.04
58 80 ....... .......

10.68 14.3:3 9,71it i
.. 4.. ........ 498

10.46 14.21 '_, 494

13.72
-......

13.9yti

2, 4titi
494

41'6

,9ti

a Average added to complete period.

23;300 lia ll. ,ti , p t 4 08---16;

1271

14.15 2, 51
504

2,414
483

2,433
487

2,401
480

4.90
.98

7.50
1.5(i

10.00
2.OC

12.50
2.50

34.90
1.75

.0

.0

.(

.0

.0

.0



INFLI'LNi'E tF FUOD PRESERVATIVES ON HEALTH.

TABLE XVII.-Solids balances for Series j III-Continued.

[Averages are per day.]

No. 9.

1 2 3

In In I In
food. feces. urine.

4

In
feces
and

urine
(2+3'.

f
l'2

5 6 7 8 9

Sodium
benzo-

In ate ad-
In In feces Bal- rinideces urine and ance
=1). (3÷1 . urine (1-4). Icated-

asben-
zoic

acid).

Fore ipriodI.

First subperiod:
Total................
A verage................

Second subperiod:
Total...................
A verage................

Entire fore period:
Total................
Average................

Preserratire period.

First suhperiod:
Total...................
A verage.."............

Second subperiod:
Total..................
Average................

Third suhperiod:
Total.................
Average.................

First, secnm l, ani tlhiril >>!-
periods:

T otal.......... ......
Average.................

After period.

First subperiod:
Total.................
Average..............

Second subperiod.
Total...................
Average.................

Entire after period:
Total..............
Average.............

Grams. Grams. Grams. Grams. Per ct. Per ct. 'Per ct. Grams. Grams.
2,615 92 a338 430 3.52 12.93 16.44 2,185 0.0

523 1S CS 86 ....... ........ ........ 437 .0

2,39)6 81 :307 388 3.12 11.83 14.95 2,20S .0
519 16 61 7S ..................... ... 441 .0

5,211 173
521 17

2, 566
513

2,536
507

2,502
500

47
9

91
18

39
8

645 818
64 82

a 328 375
66 75

305
61

354
71

396
79

393
79

3.:3 12.38 15.70 4,393 .0
.8.. ..... ..... 439 .0

1.83 12.78 14.61 2,191 -4.90

3.59 12.03 15.62

1.56 14.15 15.71

438

2,140
428

.98

7.50
1.50

2,109 10.00
421 2.00

,04 177 987 1,164 2.33 12.9S 15 31 6,440
307 12 66 78 ....... ........ ........ .

2,547 84 337 421 3.30 13.23 16.53 2,126
509 17 67 84......... ........ ........ 425

2,502 122 342 464 4.88 13.67 18.55 2,038
>f0 24 68 93............ ........... 407

5,049
505

2M) 679
21 68

885 4.08 13.45 17.53
88 ....... ......... ......

22. 40
1.12

.0
.0

.0

.0

4,164 .0
417 .

a Average added to complete period. b Average for 20 days.

12Th

Period.



BE\ZOIC ACID ANilD B1EN:ZC>ATES.

TABLE XVII.-Solids balances for Series VIII-Continued.

[Averages are per day.]

No0. 10 .

2 3 4

In feces
In In and

feces. urine. urine
(2+3).

3 6 8 9

Sodium
ben-

In feces zoate
In In In Bal- admin-

feces urine un ance istered
(2+1 . (3÷(4-1urine (1-4). calcu-

(4-1). ltedas
j 'benzric

acid>.

First subperie d:
Total.................
Average................

Second subperiod:
Total...............
Average................

Entire fore period:
Total...............
Average.............

Preserratire period.

First suhperiod:
Total...................
Average..............

Second subperiod:
Total...............
Average.............

Grams.
2.8

562

3.018
604

5.826
533

2.803
5651

2.844
5 9

Gra ms.
96
19

Grams.
2465

49

Grams.
342
!.

Per ci. Per ct.
3.42 8.76

Prr ct.
12. 18

Grams. Grams.
2.4ti6 0.0

494 .0

31 250 301 1.69 8.28 9.97 2.717 .0
10 50 60 -....... ........ ........ 34 .0

147 496 643 ~I2.2 85 1.0

147 496 643 2.52 8.51 11.04
15 50 -4 ............. .....

48 283 331 1.71 10.10 11.81
10 57 6t ....... ........ ........

142 a ?2
2- 56i

424 4.99 9.92 14.91
85 ............. . .....

5,183 .0
519 . 0

2.472
1493

2.420
484

4.90
.98

7.50
1.50

Third suhperiod:
Total.................. 2.e47 72 240 312 2.72 9.07 11.79 2.333 8.00
Average...............-."-2 14 48 t"2 ....... ........ ........ 467 1.60

Fourth subperiod:
Total.................. 2.446 64 0218 2s2 2. 12 8.91 11..3 2.164 .0
Average................ 489 13 42 56 ....... ................... 433 .0

Entire preservative period:
Total.................. 10.7440 326 1.023 1.349 3.04 9.53 12.56 9.391 20.40
Average................. 537 16 51 67 ............. .......... 470 1.02

After period.

First subpewriod:
Total...............
A verage.............

Second suhperiod:
Total...............
A verage..............

Entire after period:
Toital...............
Average...........

2, -
:i7",

2.717
543

5. 575
558

94
19

273 30 3.29 9.62 12.91
.ii 74 ....... ........ .......

94 24i
19 4!

19t
19

2. 4892,1 .i .0
.0

34(1 3.4" 9.05 12.51 2.377 .0
Gk ... .. ... ... .... .. 4Th .0

521 709 3.37 9.35 12.72
52 71 ............ .......

4. $'i
4C

.0

.0

a Average added to complete period.

12 iO

1

Period.
In

food.

Fore period.



INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE X1II.-Solids balances for Series jIII-Continued.

[Averages are per day.]

No. 11.

Period.

First suhperiod:
Total..................
Average.............--.

Second suhperiod:
Total.................
Average................

1 2

In In
food. fece

GrIns.
3.092

618

3.295
6159

3 4 5

In feces
In and f

s. urine. urine faces

(2+3). (2+1).

Grams.
75
15

84
17

Grams.
333

67

297
59

Grams.'
408

82

Peret.
2. 4:3

6 7

In In feces
ine andurine urine

(3÷1). (4=1).

Per et. Per et.
10.77 13.20 I

8 9

SodiumiIf
hen-
zo<te

3a1- aclbuin-
ance istered

(1 -4). (calcu-
lit d as
benzoic
acid).

Grams. Grams.
2.184 0.0U

536 .0

.0

.0

Entire fore period:
Tlotal................... 6,387
A verage................ 69

Preserratire period.

First suhperiod:
Total................... 3,319
Average................ .664

Second suhperiod:
Total.................. 3.201
Average................ .40

Third suhperiod:
Total.................. 3,213
Average............... 63

Fourth subperiod:
Total................... 2,9.18
Average.................590)

Entire preservative period:
Total................... 12,731
Average............... 7

After period.

First sulbperio(d:
T otal...................
A verage..............

Second sulbleriodl:
'I'otal....... .. . ....
Ave rage........ .. ..

Entire after p)(riod:
Total...... .........
Average...........

3,305

3,226

6,531
6.53

159 6.30 789
16' 6I 3 79

124 355 479
25 71 96

1l2 331 443
22 (6' 89

72 377
14 73

1(x) 337
20 67

449
90

437
87

408 1,400 1,808
20 70 90

1011
21

97
19

)3 l
20

318
64

424
8.i

2.49 9 86 12.35 5,598
-.....- ......- ........ 560

3.74 10.70 14.43

3.50 10.34 13.84
....... ........ ........

2.21 11.56 13.76

3.39 11.43 14 82

2,840
56i8

.0

.0

4.90
.98

2,758 7.50
551 1.50

2,814 10.00
563 2 00

2,511 2 50
503 . S0

3.20 11.00 14 20 10,923

I5 4 I

3 21 9 62 12.83 2,881
....... ........ ........ 5716

30(i 403 3.01 9 4. 12.50
(61 81 .... . ... ..... .......

(624 827 a. 1I 9 55 12. 6ti
62 83 ........ ....... ........

2,823
5i4

i,704
570

24.90
1.25

.0

.0

.0

.0

.0

.0

1280

Fore period.

381 2.55 9.01 11.56 2,914
7ti ....... ................ 583

I



BENZOIC ACID AND BENZOATES.

TABLE XVII.-Solids balances for Series VIII-('ontinued.

[Averages are per day.]

IN< . 12.

1 2 3 4 : 6 7

In feces
In In In and

food. feces. urine. urine
(2+3).

In
feces
(2+ 1).

In
urine
(3=1).

In feces
and

urine
(4+1).

8 9

Sodium
ben-

Zonte
Bal- admin-
ance istered

(1-4). (cailcu-
latedas
benzoic
acid.

First sibperiod:
Total..................
Ave"crage..............

Second subperiod:
Total.................
average...............

Entire fore period:
Total...............
Average.............

Preserr'atire period.

First suhperiod:
Total.................
Average................

Second subperiod:
Total...................
Ave rage...............

Third subperiod:
Total..................
A verage................

Fourth subperiod:
Total..................
Average...............

Grams.
3.:;2

G71i

701
3.50.3

6,885
688

3, 486
697

3, 432
686

3,329
66

3,104
621

Grams. Grams. Grams. Per ct. Per ct.
130 311 441 3. 84 9.20
26 62 8. . .--....

23 63 86
113 31ti 429

243 627 870
24 63 87

11 3G4
23 73

98 360
20 72

Per ct.
13.04

3.23 9.02 12.2.1

3.53 9.11 12.64

479 3.29 i1). 44 13.74
96 ................ .....

458 2.86 10.49 13.34
92 ...-... ........ .......-

95 356 451 2.85 10. 69 13. 55
19 71 90 ...... ........ ........

139 304 443
28 61 ti

4.4S

Grams.
2.941

615
3. 074

6,015
601

3.7 ()7
(601

Grams.
0.0

.0

.0
.0

.0

.0

4.90
.98

Entire preservative period:
'Total................. 13,:{51
Averaig.............tis

447 1.3{ti4 1,831 3.35 10.37 13.71
22 (10 92........ ........ ........

Ajirr period.

First subperiod:
Totali.................

Second sulwxriod:
TIot i...................

Entire after period:
Total. ......... ....
A verag........

1, 242

:t, 144
li :29

13 32t;

108 280'?il

6.4ant 211 Gai
i"11 21 (1

429 :i. 1G 9. 99 13. 15
il6--..".."--...........

388t 3.44 8.91 12.34

817 :...) 9.4t6 12.75
82........ ........ .......

2, t{1: .0
.U

,'-iti .0

5.589 0
50 .0

1281

Period.

Fore period.

2.974 7.50
594 1.50

2. 7S 10.00
56 2.00

9.79 14.27 2.661 .0
.. .. .. .. . 5.12 .0

11,520
i7i"

2:2. 40
1. 12

i



1 82-

1 2

Period. In In
food. feces.

Fore period.

First sulperiod: Grams.' Grams.
Total...------ ......... 5,634 125
Average.................563 12

Second subpcriod:
Average............... 5.654 131
Total.................. 565 13

Entire fore period: -
Total................... 11,288 256
Average................ 565 13

3 4 5 6 7 8

In
urine.

Grams.
559
56

In feces In In In feces Bal-
and feces urine and dance

urine (2=1). (3=1).I urine (1-4).
(2+3). I(41).

Grams. Per ct. Per ct. Per ct. Grams.
684 2.25 10.08 12.33 4,950

68 ....... ........ ........ 495

580' 711 2.32 10.25 12.57
58 71....................

1,139 1,395 2.27 10.09 12.36
57 70 ....... ........ .......

9
Benzoic

acid
adnin-
istered.

Grams.
0. 0

.0

Preservatire period.

First subperiod:
Total.................. .
Average...............

Second sulperiod:
Total...................
A verage..............

Third subperiod:
Total...................
A verage..............

Fourth subperiod:
Total................
Ave rage...............

5,567
557

5, 522
552

5, 504
550

137 560
14 56

110 570
11 57

134
13

5,491 114
549 11

Entire preservative period:
total................... 22,0 4
Average......... .... 552

After period.

First su Ilneriod:
TIotal................
A ver;ge.............

Second subzperiod:
'total...................
A verage...............

Entire after period:
'total...................
A v(rage..............

495
12

5,420 143
542 14

5.428 124
542 12

10,848 267
542 13

562
56

572

2,264

577
58

510
51

1, 087
54

697 2. 46 10. C6 12.52
70 ........... ........

680 1.99 10.22 12.31
68 ....... ........ .......

696 2.43
69.......

686 2.07
68.......

2,759 2.24
69 .......

720
72

634
63

10.21

10. 42

10.25

4,870
487

4,842
484

12.64 4,808
-....... 481

12.49 4,805
.....-.. 481

12. 49 19, 325
.48:_

2. 64 10. 64 13. 28

2.28 9.40 11.68

1,354 2.46 10.02 12.48

.

4,7 (K)
470

4,794
479

9, 494
475

INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XVII.-Solids balances for Series lIII-Continued.

SUMMA RIES.

[Averages are per man per day.]

Nos. 1 afnd 4.

4,943 .0
494 .0

9,893 .0
495 .0

10.00
1.00

1 .00
1.50

20.00
2.00

25.00
2.50

70.00
1.75

.0

.0

.0

.0

.0

.0



BENZOIC ACID AND BENZOATES.

TABLE XVII.-Solids balances for Series VTIII--Contiuuel.

SUMMAR I ES-Continued.

[Averages are per man per day.]

Nom. 1 to (3, inclusive, oinittingl Nco. 3.

Period.

Fore period.

First suhperiod: Grams.
Total................... 14,132
Average................ 55

Second suhperiod:
Total................... 14,363
Average.................574

1 2 3 4 6 7 8

In feces In In In feces Bal-
In In In and feces urine and ancefood. feces. urine. urine ( 31 urine (1-4).

- - - - - (2+3)'I 2. (3=1) " (4÷1).

Grams.
437

17

Grams. Grams. Per ct. Per ct. Per ct.
1,385 1,822 3.09 9.80 12.89

55 73 ............. ......

G ra m s.
12,310

492

470 1,433 1,903 3.27 9.98 13.25 12.460
19 57 76 ....... ........ ......... 498

9

Benzoic
acid

adnin-
istered.

Grams.
0.0

.0

.0

.0

Entire fore period:
Total................... 28,495 907 2,818
Average................. 570 18 541

Preservative period.

First subperiod:
Total................... 14,250 508 1,431
Average.............. ... 570 20 57

Second subperiod: I -
Total................. 14,044
Average.................62

Third suhpe'riod:
Total................. 13,991
Average.................5

First, second, and third sub-
periods:

Total................. 42,285
Averag'. ............... 55

After period.

First sulxriod:
Total.................. 13,818
Average... ........ 53

Second subperiod:
Total.................. 13,905
Average................ :51

Entire after lxriod:
Total................... 27, 723
Averag............ .... 554

436 1,490
17 60

493
20

3,725 3.18 9.89 13.07 24,770 .0
75 ....... ....... ...... . 495 .0

1,939 3.5G6 10.04 13.60 12,311 25.00
77 .................... .. 493 1.00

1,921 :3.10 10.61 13.71 12,118 37.50
77 ........ ........ ........ 485 1.50

1,467 1,9110
58 78

3.52 10.49 14.01 12,031
... . .. .... ... .... 4S2

1,4437 4,388 5,825 3.40 10.38 13.78
19 59 . 78 ............. .......

3, 460
487

513 1,435 1,948 3.71 10.38 14.(.0) 11,870
21 57 78 ....................... 475

372
15

1,318
53

885 2,753
18' 55

1,G9) 2.71 9.51 12.2" 12,215
li6 ....... ........ ........ 455

3,(138 3.23 9.96 13.19 24,085
73 ....................... 481

48.00
1.92

110.50
1.47

.0

.0

.0

.0

.0
.0

1283



1284

In
food.

2 3

In
feces.

4 5 G '7 8 9

Sodium
ben-

In feces In feces
In and In In and Bal-

feces urine ne dance
urine rn (.1). (3=1). (41) (1-4).

(23)I

zoa e
admllin-
istered
(calcu-
lated as
benzoic
acid).

First subperiod:
Total.................
Average..............

Second subperiod:
Total............. ..... .
Average...............

Entire fore period:
Total.................
Average...............

Grams.
17,270

571i6

18,019
601

Grams.
612

20

Grams. Grams. Per ct. Per ct. Per ct. Grams. Grams.
1,789 2,401 3.54 10.36 13.90 14.869 0.0

60 80 ....... ........ ........ 49t .0

466 1,732
16 58

35,289 1,078
588 18

Preserratire period.

First subperiod:
'T'otal.................. 17,570
Average................. 58ti

Second suhperiod:
Total.................. 17,424
Average ................ 581

Third suhperiod:
Total................ 17,200
Average................. 573

First, second, and third
subpriods:

Total .................
Average...............

After period .

First snhperiod:
Total.................
Averag-............ ...

Second sub,1perio(d:
'I'otal...................
A verag ................ .

Entire after period1:
Tlotal.................
A vernge..............

5, 194
580

17,2668
57ti

16, 522
551

:3, 78s
St ;:i

3,521
59

2,198 2.59 9.G1 12.20
74 .....-. .-...... ........

15,821
527

.0

.0

4,599 3.05 9.98 13.03 30,690 .0
77 ....... -....... -...-.. , 511 , .0

-I

524 1,903 2,427
17 (3 80

648
22

449
15

1, 621
18

591
2(0

(655
22

2.98 10.83 13.81

1,859 2,507 3.72 10.([7
62 84 ....... ......

1,897 2,346 2.61 11.03
63 78 .............

5,659 7,280 3.11 10.84
l;3 81 ...........

1,797 2,388 3.42 10.41
(i0 80 ....... ........

1,688
5l;

1,246
21

2,343 3.96 10.22
78 ....... ........

4,731 3.1;9 10.31
79 ..............

14.39

13.64

13.95

13.83

14.18

14.001

15,143
506

14,917
497

14, 854
495

44. 914
4990

14,878
496i

14,179
473

29,057
484

29.40
.98

45.00
1.50

58.00
1.93

132.40
1.47

.0

.0

.0

.0

.0

.0

INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XVII.-Solids balances for Series 1III-Continued.

SUMMARIES-Continued.

[Averages are per man per day.]

Nos. 7 to 12, inclusive.

1

Period.

Fore period.



BENZOIC ACID AND BENZOATES.

TABLE XVII.-Solids balances for Series I'III-Continued.

SUMMARIES-Continued.

[Averages are per man per day.]

Nos. 1 to 12, inclusive, omittiing No. 3.

3 4 5 6

In
In feces

andurine. uneurine
(2?+3).

In
feces

(2-1).

In
urine
(3-1).

7 8 9

Pre-
serva-

In tive
feces Balance admin-
and istered
urine (calcu-
(4=1). lated as

benzoic
acid).

Fore period.

First subhperiod:
Total...............-.
Average...............

Second subperiod:
Total..................
Average.................

Grams.
31, 402

571

32,382
589

Grams.
1, 049

19

936
17

Entire fore period:
Total................. 63,784 1,985
Average.................. 80 18

Preservatire period.

First subperiod:
'otal.................. 31,820
Average.................59 5

Second subperiod:
Total.................31, 468
Average............... .572

Third suIbperiod:
Total................ .. 31,191
Average................. 567

First, second, and third
subiperiods:

'Total.. ................
A verage.................

After period.

First siiperiod:
Total..................
Averi.g..............

Second subyw4riod:
Totali..................
A verage............. ...

Entire after perio:
Tot Il.................. .
A verage.................

94,479
573

3 1, 084

30, 427

:i. 1

1,032
19

Grams. Grams. Per ct. Per ct.
3,174 4,223 3.34 10.11

58 77 ....... .......

3,165 4,101 2.89 9.77
58 75..............

6,339
58

3.334
61

1,084 3,349
20 60

942
17

3, 058
19

3,364
il

10,047
til

1,104 3,232
20 .9

1,0x27 3, I04
19 53

2, 1:i1
19

i.i231

8,324 3.11 9.94
7ti .. . . .. .. ..

4,366
80

4,433
80

4,301;
78

13,105
80

4, 336
79

4,133
73

Per <t.
13. 45

Gra ms.
27, 179

494

12.GG 28,281
........ 514

13.05 55,4100
........ 504

3.24 10.48 13.72

3.44 10.64 14.08

3.02 10.78 13.80

3.24 10. 63 13.87

3.55 10.40 13.9.5

3.42 9.91 13.33

'27, 454
4! M

27,03"
4!12

26, 88

81,374
493

26, 748
486ti

21, 394
4'0

8,369 :3.49 10.16 13.65 53,142
i i ....... ........ ........ 45

.0
.0

SUMMARY OF RESULTS.

MEDICAL AND CLINICAL DATA.

'I 101' O )Sil'1 i ll ls 11111t(t 111loW tlil 12 )tOfl I I'll~t t lle wi 111ill( )'llZtlld

Of 80( 11, W 10llt l 111111tliste'ed1 to l102ll liy YOilllr I'llll Ill I ll (Jiluiltit ils
(lscrih)e( , 1>r"1,111(( 'I21rkuSlII yr1it t011o of (liSmt)lIlfort 1111(1 inalariase i

tilth of alie Iwo o'iiises. 'I'lw're wa s('11 little <lilt'e)'e1tIt nt11l i 111 tll
ffc''tct of th two " forms11 of th Ilt' ese trva1t ive in t lt' 1 rothlion o111f t llwse
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Period.

1285

1

In
food.

2

In
feces.

Grams.
0.0

.0

.0

.0

.0
.0

54.40
.99

82.50
1.50

10i. 00
1. 93

242.90
1. 47

.0

.0

.0

.0

..... ........ 4x!1
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plained of weakness and also of burning and irritating sensations in
the esophagus. Hunger was increased in three cases, and indigestion
was especially noted five times.

The fact that these symptoms were not proluceI in all cases illus-
trated a point prominently brought out in the previous investiga-
tions, namely, the different degrees of toleration of the substance
administered in different individuals. It should not be forgotten
that the subjects upon whom the experiments were made represent
the highest type of health and resistance. Hence, it is fair to infer
that n ith less resistant types, such as children and persons with weak
stomachs or other disorders of the digestive functions, or those suffer-
ing from impaired vitality in any form, the effects of the adminis-
tration of the drug would have been more pronounced. It is evident,
therefore, that the administration of both benzoic acid and benzoate
of soda results in serious disturbances of the digestive functions, with
positive indications of illness, which may easily be increased to nausea
and vomiting, while headache is a very common symptom, developed
together with a feeling of physical weakness and an unfitness to per
form ordinary work.

BODY WEIGHT.

A study of the figures shows that in the case of the subjects who
received benzoic acid there was an average loss of weight during the

preservative period of about half a kilogram, or slightly more than one

pound, and an additional loss (llring the after period of 0.4(i kilogram,
again a loss of about a pound. The loss in weight of those who received
benzoate of soda was very much less, amounting to 0.22 kilogram, or

al)out 0.5 pound, (luring the preservative period, and an ad(liti onal
loss of about 0.36 kilogram during the after period, making alto-
gether a total average loss of 1.8 pounds for the entire observation.
This illustrates a fact which is 1)rollgllt out in nearly all of the other
Stldlies, namly('I, that while tlie inunmiediate ('flet of l)enzoate of soda
ofl the Iietal)OIic activities was less llaIked( than!1 that of )ellzOiC acid,
the efleet , after the witdIrawal of the preservative, was more pro-
nounlee(l, so that the final result wa5 alimiost as injurious as tltt pI'o-
dlce(l byV the benzoic aci(l alone.

ThI( final conclusion, which is drawn froitI a stlldy of these dalta, is

tllat t lie' !t(llllst I'!t I(oll of 1>'IYA Ic ( i' ! 51('1 1 1 (l, (or 50(llllill l'eI1!O!L(',

in tIlie quilalnt it ies m(ent ioned(, l)rodlc('s a con(lot on hf t lie digestive act iv-

ities whiicl (11u'ses a loss inl the eweighlt of the )o(I. In other mw ords,

the act it is of a kt abolic Iot are, x1 inch result in the t(esrtruction and
exrt('t iol of t issue, !1re (rIahLtrl' th1an t hose of n11 ab1i1lolic nature, which

I)I11lcl II ) t 1(' I1iss11e . Tr is 1 (f('(00 (lo(' not 11 CtOs 1l110ii'(lilt('ly 111)011 t l1e
W il it( filW ill of I l1e 1 1'es(l'IlI YPV', hI t I1s (olltilllC(1 il Ili111 1111 Ii'tV of t he

cases t llrouglou Lt the entire after period. Ienice, it is evident t hat

12.S6



BENZOIC ACID AND BENZOATES.

the administration of these drugs in foods tends to derange the normal
activities of the body and to cause a loss of tissue, resulting not only
in disturbances of health but also in a slight decrease in the weight
of the body.

EXCRETION OF BENZOIC AND IIIPPURIC ACIDS.

Ilippuric acid is the most important natural constituent of the
urine of herbivorous animals whose food contains large quantities
of aromatic substances which, either by oxilation or reduction, are
converted into bodies containing the benzene nucleus. The benzene
nucleus by combination with glvcocoll is converted into hippuric
acid, in which form it is excreted. Ilippuric acid is a normal con-
stituent of the urine and the data show a fact, already well recog-

nized by physiologists, namely, that the administration of benzoic
acid or benzoate of soda to the human animal increases the qjualltity
of hippuric acid so excreted. The limit of conversion of benzoic
acid into lippuric acid is determined by the quantity of available
glycocoll. Any excess of benzoic acil over the luantity which can

thus be converted into hippuric acid is excreted as benzoic acid.
In the original exl)erinent the total benzoic acid recovered (both

as hippuric and as blenzoic aci() amounts in the case of those receiving
benzoic aci(I, to 81.32 per cent of the total qluantitv ingested1, while for
those receiving so(Iium benzoate the total quantity amounts to 61.41
per cent. Thus there is shown a marked tendency to restrict the
excretion of benzoic acid when administered as benzoate of soda,
the total decrease being almost exactly 20 per cent as compared
with the excretion of benzoic aci(. It is thus seen that much larger

(luantities of benzoic aci(d are retained in the system after a given
time when a(lninistere( as h)enzoate of soda than when adlministered
as benzoic acid. This fact is another confirmation of what. is shown
in so many other instances in this study of the retarded effect of the

preservative upon the system when administered as benzoate of
soda.

The results of the sup))lelieIntal sttudIy conldlctel with1 six subjects
over a periol of twentyv-nine laYs (a fore period1 of five days, a >re-

servative period of ten days, and an after p)eriod of fourteen dlays),
andI a smaller ingestion of the preservative (a total of 12.5 grams),
again shiowel the slower ('Ijlllit ion of th1 r)I'servative when admnin-

isteredt as henzIotoe of sotl(a. 1)urin g the lr-eservat ive period 93 Ier
cent of thme amii(ou1int Iigested as benz'Ioic neid Iwa2s recoveredtI as
hiil)1)ulric ai(1(1, while for t hose recivin('Ig benmzoate of sodal only 72 Iner

('elln t"1 was recovered(. 1(1' (Iii he1'n Ji ( l tll i of tilt e tN' eW( ) 'lllnent s,
especially til4' dere.('asel 1oliit lof I)resrVltie alnd tlie fac1t that tInt'

* alli lses in tllhe sec(ll c' 1('e0 I001Cde oW 1 tilt' d1illuj )s 111Illst eat of
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the composites, account largely for the fact that all of the benzoic
acid was recovered as hippuric acid in the supplemental study. At
the close of the first after subperiod the entire amount of benzoic acid
ingested had been recovered, while in the case of those receiving ben-
zoate of soda only 76 per cent had been recovered. The increased
excretion of hippuric acid as compared with the fore period continued
in the case of these subjects in the second after subperiod but only
reached 77.6 per cent of the amount ingested. There is in this series,
as in the preceding one, about 20 per cent less of the benzoic acid
recovered when it is invested as sodium benzoate.

The increase in the quantity of hippuric acid produced and excreted
can not be neglected in studying the effects of the administration of
preservatives upon health and digestion. The preservatives can only
be regarded as foreign bodies of a toxic character which the system
must eliminate. The normal burden imposed upon the kidneys in
the excretion of the natural degradation products of metabolism is
quite sufficient for the preservation of their healthy activity. The
additional amount of excretory matter produced by the administra-
tion of benzoic acid in any form can only be regarded as an unneces-
sary burden.

COMPOSITION OF THE FECES.

In the case ..f the young men who received lenzoic acid a slight
increase in the weight of the moist feces is shown in the preservative
period, together with a slight decrease in the percentage of moisture
therein and, of course, a corresponding increase in the weight of the
dry feces. In the after period there is a marked loss in the weight of
the moist feces and a continued diminution in the percentage of
moisture, while the w-eight of the dry feces is slightly decreased,
returning to the amount found in the fore period. These data show
that the effect of the benzoic acid was to inhibit slightly the absorption
of food material from the alimentary canal and thus to increase the
quantity of feces excreted.

In the case of the young men receiving the benzoate of soda the
data show a slight increase in the weight of the moist feces, and also
of the percentage of moisture therein, while the amount of dry feces
excreted is the same as in the fore period. In the after period there
is a marked increase in the weight of the moist feces, with little change
in the water content, and a correspondingly marked increase in the
weight of the dry feces excreted. The benzoate of soda, therefore,
appears to have had no immediate effect upton the absorption from
the alimentary canal, but upon the withdrawal of the drug a dimin-
ished absorption took place. This is another indication of the
retarded effect of the benzoate of soda. In almost every instance
the data submitted show that the effect of the benzoate of soda

1"?S
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upon the system is less marked and is produced more tardily than
in the case of the benzoic acid. These data do not show that the
preservative has produced any marked effect of a systematic char-
acter upon the weight and water content of the feces. The average
weight of dry feces per man per day increased very slightly (1 gram)
in the preservative period in the case of those receiving benzoic acid,
and 3 grams in the after period in the case of the six men who received
benzoate of soda. While these data are not sufficiently marked to
demonstrate a distinct effect produced by the preservative, still the
small average increase in the feces in connection with the loss of body
weight would indicate a tendency on the part of the preservative to
decrease assimilation.

THE URINE.

VOLLUIE, SPECIFIC GRAVITY. AND) TOTAL 5OLIDS.

The summary of the data for the men receiving benzoic acid shows
a very slight decrease in the volume of the urine with a slight increase
in its specific gravity, and an increase in the total solids in the pre-
servative period followed by a decrease in the after period.

In the case of the subjects who received benzoate of soda there is
also observed a slight decrease in the volume of the urine during the
preservative period, but the volume in the after period remains prac-
ticall- unchanged as compared with the preservative period. The

specific gravity is slightly higher in the preservative period than in
either the fore or after periods.

The total solids in the urine of those receiving benzoate of soda are
markedly increased (during the preservative period, and fall again
in the after period, but (do not reach the figure obtained in the fore

period. The data show b)ut little influence upon the volume of the
urine clue to the preservative, especially aS during the progress of the
exltriImeIlt the weather was growing warner, and this naturally
would cause a slight decrease in volume. There is, however, a marked
tenlencv showl to increase the amount of total solids excreted
Ilnder the influienct of tle preservative.

It is evident that neither )enzoic acid nor benzoate of soda has any
diuretic effect, but their influence in promoting the degradation of
the ti .iues of th' body-that is, in increasing katabolic activityv-is
plainly marked by the increase in the total solids excreted in the
urine, although the volume of the urine is slightly diminished.

SiLP11HR.

Under thle adllinist rat ion of tlie pjreservat ive in )oth forms, there
is a slight tendency to decrease the excretion of sulphur anti phos-
phoric acid in relation to the quantity of nitrogen excreted, while no
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effect is produced upon the excretion of sulphates in the urine as
compared with the nitrogen excreted, due to the fact that the inor-
ganic sulphates and the nitrogen in the urine increase in about the
same ratio.

In general, there is practically no difference in the effect produced
by the preservative in the two forms on the excretion of sulphur in
the urine. A slight tendency is manifested in both cases to increase
the katabolic activities as shown by the greater excretion of metab-
olized sulphur in the preservative period. This increase is the more

pronounced when the diminution in the sulphur ingested is consid-
ered. The amount of neutral sulphur eliminated decreases through-
out the observation, while the ethereal sulphates are remarkably con-
stant. It is evident, therefore, that the increased excretion of total
sulphur is entirely in the inorganic form, which, considered in connec-
tion with the decrease in body weight, would lead to the conclusion
that the preservative tends to increase sulphur katabolism.

MICROSCOPICAL EXAMINATION OF TIE URINE.

The data relating to the microscopical examination of the urine
show that the relative occurrence of microscopic bodies in the fore

period, preservative period, and after period are represented by the
nubllers 64.44, 75.24, and 59.13, respectively. These figures indi-
cate a tendency on the >art of the benzoic aci(d and the benzoate of
soda to increase the presence of these microscopic bodies (luring the

preservative period. This is an in(lication of the effect of these
bo(lies to increase the renal activity.

A general survey of the individual data (loes not show a marked
effect in t le case of all these bodies, but the epithelial cells, mucous
stran(ls, an(l ucous cylindlroi(ls are most markedly increased. The
at ivit ies of t he kidneys are, therefore, uno1llbte(lly greater during t le
Inreservat ive period, owing r to the at(litional amiiount of labor which
t e(' are( (',111((1llupon to per'IforI'l in1 eliiiiiiiat 111;g t 11ie pJ'r(luc(ts of tissuel(

(l('graIdatlon1. The IlICroscOpical exainiat ion of tlie urine, terefr)It'
further il(licites the (leleteriolls effects of both benzoic acid and
benzonte of sodla OIl mI(etaol)1lim.

MICROSCOPICAL EXAMINATION OF THE BLOOD.

In making the invest igat Ions In connection it 11 the influence of
b enO1(' and(1( andi bi.Ilenzontes n) part rula r signi iific(aniice was attahd i '

to t hie blood) coi unt anI for this reason the m iCroscoplical examina-
Sions were con filed( to one test in each of t he three periods-fore,

preservative, un(1 abter. The results of the exanminatiOns, how-
eVe', are so sigillhfillt as to renI(ler necessairV anotr liuY' sfl(1V in

greater detail, which will be undertaken as soon as possible. The
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limited data obtained show a marked tendency on the part of the
benzoic acid to diminish the number of red corpuscles in the blood
(an average decrease per man of 370,000 per cubic millimeter), while
on the contrary, when administered in the form of benzoate of soda
the tendency is to increase the number of red corpuscles in the blood
to the same extent. There is also in the latter' case a slight increase
in the number of white corpuscles.

In one instance in the administration of benzoic acid the number
of red corpuscles was increased, while in two instances in the admin-
istration of benzoate of soda the number of red corpuscles was
decreased. Therefore, in the interpretation of the data these facts
must be kept in mind. While the general effect of the benzoic acid
appears to be to diminish the number of red corpuscles, and that of
the benzoate of soda to increase the number, there are marked excep-
tions in the individual data. It may be further suggested in this con-
nection that the tendency to increase the red corpuscles shown by
the benzoate of soda may have been due to the increased alkalinity
of the blood, induced by the soda, rather than from any specific
action of the compound as a whole.

NITROGEN METABOLISM.

The percentage data show an increase in the nitrogen excrete(d
both in the urine and in the feces during the preservative period,
and there is a decrease in the after period in each case, with the excep-
tion of the nitrogen in the feces for those members who received hen-
zoate of soda. While the average data do not show any marked
disturbance of the nitrogen metabolislm there is a uniformII tendency

to decrease tlie nitrogen balance, although the amounts ingeste(l were
slightly increased. The average data for the eleven IIIeni show an
increase Of 2 per cent In t}1le preservative pei'lo(I of tile alllllllt of

Ilgested Iift'ugo(I1 eXcePte(l 1110 let;l)O lZfE forill, lilIatlllg a tell-

dency to increase t(, this extent the kataholic a(t ivities, while the
increase in the feces 1)oinits to a decrease iin nlit r'O('ii assilmlilat iofn.

PHOSPHORIC ACID METABOLISM.

Ih~le surninlarized' daita in1 this las' iliclatte a t(leoney onI the >)nit

of the }pres('rvat ive ill bo>th formlls to inc(r'ase the laerelltage of p1 hos-
phioric neid e('creted inl the fo'res, the iniCreate b>einlg mu1ch more marked
ill t11(' case ' (, f ti 1os lece'i Villg belili'c acid, the iuserea 5e ill the ':cse' of
those reei vill bmliZat(' of soihi occtf("lffilg (i1fV Itll lie after prio d.
Ihler(' is but little change in the mi('tublolized phios)horic acid excreted
in the cast' of those who recel ei )elnzoic acid, the peren'('ltage (at a
showing a slight decreasee in IIt ' p)res('rvat ive perioId and a very
marked decrease inl tle after pJerio(d. 11 I le case of those who re-
ceivE'd b)enzoUte of soda there is an1 increased excretionl of phosphoric
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acid in the urine in the preservative period and a marked decrease in
the after period. These figures indicate, therefore, that the benzoic
acid, either in the form of the free acid or as benzoate of so(a, tends
to increase the phosphoric acid in the feces, which effect is continued
to a marked degree in the after period. In other words, a decrease in
the assimilation of phosphoric acid is pro>ducedI. On the other hand,
there is >ractically no tendency to increase katabolism in this instance,
the slight increase in the excretion in the urine in the case of those re-
ceiving so(lium benzoate being followed bl) a. marked decrease in the
after period to an amount less than in the fore period. There appears
to be a slight disturbance of the normal metabolism of phosphoric
acid.

SULPHUR METABOLISM.

These data show in an unmistakable manner that both the benzoic
acid an(d the benzoate of soda increase the excretion in the feces and
in the urine, thus establishing the effect of the preserative in (le-
creasing the assimilation of sulplur and slightly increasing the sul-
phur katabolism. In the case of those receiving benzoic acid there is
a tendency in the after period to return to the conditions of the fore
perio(l, while in the case of the members who received sodiui benzoate
there is a further marked increase in the after period. The in-
creased excretion of metabolized sulphur is considered in retaill under
the special studies on the urine.

TAueL XVIII. ('ma (uparatire su unary of principal determinations made, Series 17I."

lIenzoic acid (Nos. 1-i). b Sodium ben%(1Utt' c'ilculitc'd
as benzoic acid (Nos. 7-12).

F.ore ;reserv- After IFore 1'r After
period.,t ioe period. period. period.

period. period.

lIodr y weight (kilos)...................... 62. 10 til. (2 61. 16 64.2.1 ti4.02 ti3. ti6
Bloidt (aVerages p er man)

Ite'I corp~uslsi (per cubic mtm). ..... 5,249,000) 4,878,333 5,229,167 4,943,333 5,320, 8Ti 5, 280,833
W white coc)rpiu seles (per citIhic n111in) .... 7,567 7,5,202 6,583 7,322 7,4ti1 i, 7(t

('o position of feces:
\eight (gramis)...................... 74 76 68 74 77 89
Wat("rcoutenit (per cnt) ............. 75.37 74.78 73.84 75.72 76.56 76.72
1)ry mutter (grains).................. 18 19 18 18 18 21

l'rinle:
\'lrnte (cc)....................... 197 992 922 1,248 1,206i 1,205
Microscope sediment (per cent of

relative occurrence) c................ 64. 44 75.24 59. 13 ..............................
Sulphltr, as SO, (grams)-

Neutral.......................... .327 .289 .238 3(4t .27 .237
Inorganic......................... 1.762 1.840 1.729 1.7ti5 1.85 1.770
* t real .. ........................ .13 . 15I .148 .155 .152 .139

'Total............................ 2.247 2.285 2.112 2.2' 2.281 2.146
Mcetaholisn (percentage results):

Nitrogein
Nonuinetaholized (foces)........... 7.69 8.01 7.68 6.93 7.00 8.54
Metabolized (urine)..............I 86.82 87.70 85.61 79.78 82.57 81.ti9

lhosphoric atcid
1uumuctaoilized (feces)........... 26.56 29.65 29.08 28.59 28.61 34.73
Metatolized (urine).............. ti3. 6ti 63.27 58.06 55. 95 5ti. 42 52. 56

Sulph1u) 'r
No nnetabolized (feces).......... . .7ti 10.58 10.42 8.62 9.23 11.75
Metai bolized (urine).............. .79. 1t 82. 19 81.80 73.21 76.78 78.150

a Omitting fourth preservative subperiod, b Omitting No0. 3. c Nos. I to 12.
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GENERAL CONCLUSIONS.

Front a careful study of the (lata inl the indlividlual cases and of the
summaries of the results, it is evi(Ient that the adlministration of

benzoic acid, either as such or in the form of benzoate of soda, is
highly objectionable and produces a very serious (isturbance of the
metabolic functions, attended With injury to (ligestion and health.

As in the case of boric acil. salicvlic acid, an(d sulphurous acid,
this injury manifests itself in a number of dliflerent ways, both in the
prodluctioi of unfavorable syniil)toins alnd1 ill the clist urbanlce of metab-
olism. These ij urious effects are evi( lent inl t le medical and clin-

ical dlata which slow grave listurbances of (ligrestion, attended by

pllenomlena wlich are clearly ill(icat ive of irritation, .auusea. IheadI-

ache, andl in a few cases oilllting. Ihese syillptolins were not (inly

w-ell marked, but they were prodluced1 uIl1 lan ealtly indhivi(luals

receiVlng oo( ano( nouishii11 food1 anl living 1111(iIr proper sanitary
cOlllitiolls. It is only fair to conclude, therefore, that under similar

1ont1ions of administration of Ienzoic acido O n)llZate of so(Ui I lie
case of weaker systems, or less resistant conditions of healthIi. niiu(ch

mlore serious and lasting injury would he produced.
It was also noticed that the adlinistrationl of benzoic acid and

benzoate of soda was at tended withl a distinct loss of weight, indic-
ativ-e o f either a disturbance of assinilation or an inc(rease(dI active ityv
in those processes of the body wlich result inl (lestructioll of tissue.

hie production of a loss of weight in cases of this kind mutst be
regar(ed Ius indicative of ili 'louls effects.

The influence of the benzoic acid and henzoate of soda upon
met abl )I is in was never o)'f a (ha rac t er' 11 (en'at ivye of a favo ral)le clialige

thellein. Wh11le oftell t lie t11101 a)hic (lillle were 11 t st roly

mllarkel, 51u(h changes as were est abllishedI were of an injurious
11t o1re. It is evident t lit t lie ad inist rat loll of t liese lollies. t lere-

fore, ill t 1e food t(Iids to) llelillge 111(11 l)oliS11 ill d 111Illjilfiolls way.

_11 1in1porta1t fact ill cIllloet lol wit i lie adllilrl ion of t Ilese
I)odies is found in lie e1fforts wich uIt lire 1liakes to elimlinate t lelil
frolli l1e syst(ll. Iii So far itS 1)oil)l t lie bellzoic aitld is converted

into llii)pflric cild. There is i te(IeIlcv isuill 1 ui11ue1ted, 110ii4-
(hlel", to ret11 the )eioi acid ite the lo)(I fot" a 11otilble l('1th1 of

t 1111', illd t 11i 1h 11111 '11i IOi lltrked in1 t ll' ('is' of l)('blln onto cof s la
th an in the agse of1 benz"otic ncil.

Whliile the adlinist raut icon of blothI1 t hese bodies, t hIerefore, is un-
doulte(dlV hlaflful, I lie injltIioa 0(T( 01:re ')rodif(ed tIhor llOr Fll'll

ill tih 1case of beni zoic acid tha;in then are iII the case of 1heri.ont of
sohi; the (lit a, however, will show thlt tle total hIarnful effect

prodced11 41 IP 'id is Tfraict iclt" 11(' s111 ill both c ases, henc

IT
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1 4 INFL-ENCE'1 lF FOOD PRESERVATIVES ON HEALTH.

there appears to be no reason for su)posing that the administration
of the )'eseI'vat ive in the form of )enzoate of soda can hle justified
by any argiuiment relating to the less injurious ellect thereof up>on
lealthl.

The occurrence of microscopic bodlies in the urine is undoubtedly
mncreasel under the administration of benzoic acid in both forms,
thus showing conclusively the tenlency to stimulate the destructive
activities of the blody.

Coningr to the final consideration of all of these (liflerent phases of
the sulbject, there is only one conclusion to be drawn from the data.
which have been )resentel aild that is that in the interests of health
1oth 1benzoic acid and benzoate of sola should he excludlel from food

prod ucts. This conclusion is reached inlepenlently of any con-
sidleration of the conditions which it is alleged surround the l>rocesses
of manufacture and which result in the demands of manufacturers to
be allowed to continue the use of these substances. This is a subject
which must he discussed from an entirely different pointt of view and
ha;Is no hearing whatever ul)on thle <general conclusions which have
been reached, namely, that both benzoic acid and benzoate of soda
are bodies which, when added to foodsare injurious to health.
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