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In Table 
., the cietary intakes are listed::l. I:inthe rice + m:i l.: 

:iet, appro'.x.imate]y 80% of the pri:t. .in origi:,nated inr the mill.:, wi.le 

. F"o.iU ate].il: a0%of 'the car o::nhydra teen,:::,igin ated in :he r:ic: . As
 

planiirne,::, the!i D thewr' fo:od.
. onl . the i:,:: c::o:nsu!;med~, frui.t. pro.(::v:id(:ed minor(:!J.
 

co:nr i.: t. Ito :ie total c::a .iiio::;:n t:: 'l::'oh,..,:;.ate and pro :1te :i.intai::e.: 

in th-e,:oatmeal + d.:mi. ,:liet, 2/:.. of the prtei.n or.iginated in 

the. i ilik and ./3 i n the oatsa ( 'cal th : ata 4"- ,: t ,.F":. :i.n
 

coni:Htentl. o:,.fo:at.s :is twic~e t:ha: t of:~lric:e). 
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TIhe ::oor re 1..at1;ionship betweeotn de:lo..ta N of the d i.et and the body 

:pecim .:s is in acc-ord with ru o: experiments ours and others) 

in wich animal.s were grown onie.. . o const... nd known d..ta N. 
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the milk delta C, while avera.ge fecal delta C (-24.2 for rice + millk 

diet, and .-26.5 or oatm:oal + mil.:: die[.) was.0.9 tO. less negaive::ie
 

than the cereal co'ponen- of 
the diet, Averagr saliva dela C (-2:1.
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in the delta C o sali.va changing by 1 /oo toward the value of: the 

corn,, 

The similarity of the de].ta C of serum that of.:oto the red blood 

cells (RBC) may inodi cate the similar.ity o.f protein delta C of this 

diet to the average proadtein delta C normayt . eate: 'an, The life of an
 

RBC is 
120 days and so would noi be ,ignfimi cantly resp on:s.i ve ato 


diet of twelv.e days durin,:ion. The serum delta C 
would be ex.'pected to 

respond r'apidly to the di.etary change. 

Exper"iment number 2, 

Thi:s ex.'peri. :entlasted 20 days. In 
t:is period., 3 ree-li.vinq 

adults consumed either rice or corn ad .ljberat...i'. -: mulli-vitamin 

plus min.ne'al capsule and ui.i.mit ed water were al.sct provided daily, 

Once each 4 days, af ter samp.ing sche d..ul.ed for {tha. d.-ay,ithe 

ec were cn varied
sI: ti '- g eri cine mea ,onta i.ining protein :o.:urces (meat 

or fish). Du-rn the p.rimet, one o. the ,olunteers.c.: mp.lained ,f 

dco:. .:-,- and cons:i.t:ipa :i.tonsc :;-it' and .so has been dropped .fro5.im thS-. 

expe iment. 

The daa related t.o the isotopsi.c composition of tihe., foods and
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body sp.ci men ar'e listd in Table.- Comparisons of thes a. with 

thseinlue in ou thir prores rprt shor t i;h atans ien t 

equi.i .rium :i.rt I lc:-'-fecal de ] a CLafor the rice diet:: is reached w.titthi.n 

Sdais, . ile w i c:orn, app:roxim.atel I . days wer,e reqi~jI..r ed, The 

xcep I i. o:l L-ti icsiI iithct o. C .i in 


eport wiherc.eirn e- bri .as als oi 
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del a C .1i : is feP.ed!:ing regim e., 

e or i,The v s sal.:va a indi.,-t a contributi froi:am body 

s.t ard -frcm :he immed:ia te it T'he sal:\a delta C',value of -16 

ha I:e:,n ,!:t: tev'ed :i.in all thie carnri-onlIIy Ia dt.:::..Tt.. tia to 'he de lta C of 

iva. on lte - diet so obsrvet d i.it oir p rn.i i c,USie-oi -23 ) w,.as. a 

rice-onyi d'i ss l e dcfitn f . d .ii. t., i is ii.r4,£(i:j(J Ibut r a'2. l it 1] .a e the 

:i U Irice ilk per:i ment reprte'd here inc Tah-i *'l. 2 Tis di.ffe~...rice 
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prote ri pio: c l . Te some tin n 
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approach:hid I:he..de.lta C of ;he diet, but from bodycontr iLutions 


s tore.< ar.:e i tii.Wheni mi.lk is; added to the 
foods, the urire delta 

C hoeda lnn ':coim.ibution from the mil. 

It aIppehar it:hI 20 dlLys :i adel aitLehto reach tra sient 
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Table 1. Component: of el..even. day conrtrolled rice p1u.s milk and
oatmeal plu..s milk di.ets.,
 

Comn)rn-;r t It:opic value Sub.j.ect's dai.ly Pr'ote:.n Car'bollNydr'ate 
,::: d 'td : C . N 1D c :sump ion amount % amoin t % 

I:o::.ecI milk .... +5.3 :.-0 1 .5
(1% "a 1 1 2.I.,,5 ... , l]iters 61,,0 !'j76.8% I102 g 2.9.4% 

I 0"r ' .';( ::a t.-f.:r' e ..
!: -:20 .8E!)
 

P i drv) 
 +5.6 -48 250 17.5 22.0% 200 g 57.67 

rrui (dry) -26 
 48 5 0.9 9 1..1% 45 9 13.0% 

tota] 79.4 9 99.9% 347 g 100/% 

oat.:meaal + m i. [k diet 

Idered .{:at.-..r e f i I.k
 
0..7 7
.. 7.3 210 9 75.0 9 67.5, 109 9 3.3% 

o:a tmea 1 d v . -26. , +5. -63 250 . 35 ..20% 188 57.., 57.% 

.... • - 2 32 0.5 9 0.3%sx 30 g 9.27% 

tt 1 ],.: 
 :1.1.1.,1. g :100%:. :::;., 0 1C00-% 

l::te,, All ,detol..a C:: value:s are to PD: 
value : - t, " I':,., L:O l .amoi.er cl ta D va].ue.::0s -ar[e 

re 1].at:i ve ' carbonai::e; dell.t:a M 
l2 *:, - t ,a c n:i.Iro:g'o:-en; 


. o..:c, Ocean Water (SHOW),,
 lative S;andard Mean 
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Tabl ee 2 ReriiI r-cccrI ta !.: I. (:)2. lIu 
slee I .-t ,v speci men.s tai: dr.:.Aa ig. 

................. ........... " ::." " a,. ..
 , 1-.1'.. i.t 

ric: + mi i: day dlel ta 2 

2 -2(4 
8 - 20.8 
12 -21.2 


ubject 4 2 3 -".2 

10
12 -2 ....
 

ubject:# .. 18.9 
12 -21. 

s .. .3 

Lb j ec:t # 4 ':" '0 2 
8 -*2.3 

12 -20,6 

oa*tmeA ?a 1 -l 
subjct # 5' 

ill.:: 
1 -19.3 

8 
12 

.19.6 
-1C 8 

U.IR;I NI!:! 
r"ic.,-e:.: + m il.

..... . 
k 

2 
8 

- 1.I6 
.17.7 

12 1, 6 

sulbjec': # 2 2 
12 

18.7 
-16.7 

subject # ::-3t 2-19. 
12 -i8.6 

'subject # 4 2 -18.8 
8 -- 17.3 

12 -15.0 

o,a tmI;e a 1.+ m i 1..,
 
subject #1. 1 18.1 


8 .18. 
12 -. 1.8.. 

I; a 
4.j 

C, 
d i 

del 
r 

. aI. 
i 

,..:Na dN.:,an. 
me9 n. . 

t a 
ich 

,..:: 
ad 

-rome 
L.ItS 

delta l delta D 

+9.2 
+7.8 
+9.7 

-66 

-7 

+, 

Q 

+9.2 
+8.6 

-7 
-78 

, 9 
+8,9 
+-9., 

+10.6 

+9. ? 
+8.7 

-48 

.46 

.6.3 
+.42i.9 

-"27; 

+16.0 -1.3 

+12.6 
+12.6 

+:1.4 .5 
+12. 

-47 
2 

+10.4 

+7.7 
.20.8 

+1(.6 
+9.2 

+:+10.3 

"1.. 

-:1.5 
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r:ice + mil.: 
subject I .
 

:ubc.i.c t 	, 


subject 	# 


Fubj:.ect 	411l 


O::atmeal 	+ milk:
 

# 5 


r"ice::: P mill:
 

• # 


s u b .ie 4 	I# 
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OVERALL OBJECTIVES are to evaluate the effectiveness of the raitios
 

of 13C/12C (delta C), 15N/1iN (del ta N) and D/H (delta D) as they 

occur nma tufri I I v i n huiman fooscs as tracers in hunan utrt i tiom.
 

OBJEi-'T IVES OF THE F I FTH 'SIX HON 'HS : Primary: 
 to dce I in the accuracy
 

wi thi which de i ta (-.all bie used as an indicator of the diet being
 

cc,_,in andJd t hat paif of the diet 
 which is being assimi lated or
 

excreted; ,-ec,ndary: to eva luate del ta 
N as a qualitative indicator
 

Ct dieta- t I otein.
 

A(-H I EVEMENTS
 

NcuJ c _E x perL:ime iitsL___t_1c 

Pour nut it iun experiments were conducted in this Fer iod. These 

rests used a variety cut components in an attempt to isolate the 

plimarY sources con1 tributiTig to the body t issues which we sample. The
 

du rat i on of the ex per i ment s ranged 
 f rom three clays to t hree weeks. I n 

sevec al tests breath was monitored in addition to the body tissues 

sampl Dcl in the past. 

I n summlary, the resuI-s of the experiments of this period
 

demonst a'e 
 that the del ta C: values of urine, saliva and blood serum 

are pred i c Lois of the assi ni Iated proteins, p,ro0vided that a 

orrect ion is made for Wncl usic, n of catabol izecl Inateria I in new 

tissues. Approximate I y 3O% of the metabo I icaL I ly act ive 1:oo of amino 

aci ds is taken froim recent ly consumed foods and apF roximatel N/ 70% is 

taken tro,m Ie cy e e or catalo I i;-cd body Iissue. . he n the cli et is 

constant ,etVer 17 g pIeriods , :c-h as in anima i husbandry where five to 

ten fold weight, gaLins are possible on a single diet, then both 

cur re n t di e t and cat abo0 i zecl ti ss ues have the same :e I ta C %'aI ue . In 

such cases the imatc~h between diet delta C and muscle dol ta C is 

excel I en t . The muse I e dce Ilta C averages 0. 8 o/oc, I es s ne gat i ve than 
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the diet delta C, with a 95% confidence interva! of 
less than 1 o/oo.
 

We observe this relationship over the entire range of dietary delta C 

values (Figure 1). 

When the diet is changing, as in the case 
of tree living humans,
 

the contribution of the 
body pool delta C value becomes the dominant
 

ternm in deter'mn ing the delta 
 C of the newly fonied tissues. 'he
 

inclusion of both of these 
 terms (0.7 x body pool delta C + 0.3 x
 

iecently conrumed food delta C) 
 predicts the delta C values of blood
 

serum, sa iva, and urine to 
 within 2 o/co for data taken in this
 

project, provided 1:hat the 
diet has been constant for twenty days. An
 

infant consLAn I: 01nlV breast 
 milk is also subject to changes in
 

dietary delta C since 
breast milk delta C reflects the mother's
 

changinf dief (Table I in 
 Liur Fir-st Progress Report).
 

The ielation bietween delta N of 
 the diet and that of the tissues 

sampled 
is less exact. Even with corrections for the 4 o/oo
 

fractionation 
that exists between the 
diet delta N and the assimilated
 

delta N (see our Fourth Progress Report), 
and for the 3:7 ratio in
 

contributions 
of newly assimilated foods vs catabolized tissues, delta
 

N r-emains a qualitative, not quantitative 
indicator of assfmilated
 

foods.
 

Experiment 1:
 

In this experiment, for ten days, free 
living adults consumed
 

diets restricted 
to C-3 foods. The main protein came from purified
 

soy protein and pIeanJuts, or from full 
cream pwdered milk of
 

Australian origin and peantuts. 
Australian milk 
was chosen because the
 

cows there receive a 
pure C-3 diet. This produces a milk with a delta
 

C value of -29.3, containing casein with delta C 
-28.5. This highly
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negative value is in contrast with milk of U.S.A. origin. In US 

mil1k, the +--3C diet dairy produces a delta Cmixed (-4 of herds 

value in the wil P of appoximately -19 for powdered sklim mil.< 

In both th, soy-based and mi 1k-based diets, C-3 fruits, 

vegetables and wheat hiead were permitted. These had a delta C 

value of approximate I y -b"G. 

Resul Lts for this experiment are listed in Fable 1. Based on the 

3;:? distribution between recently ingested foods and catabolized 

tissues, the predicted del ta C of sal iva, serum and urine in the soy 

diet is -21.7. This is in close agreement with the values measured on 

days #5 and i410 (-21.5. -21.2, -22.2, cr saliva, serum and urine, 

respectively, observed on day D0). The data obtLained f-rom the diet in 

wh i,.h m i I k supplI cd the ari protein have the same good match between 

calculated -ind measuied values. 

The similarity of fecal delta C for the two tests demonstrates
 

the simiilarity of the average isotopic composition of these two
 

diets.
 

Experiment 2: 

The data from this experimen:- are limited to isotopic values of 

blood serum. Free, living, adults consumed either rice or corn (plus 

water and vitamin/minerai tablets) or, ten or twenty days. The 

re;ul tts are l ird .n Table 2. The calculated equilibrium values for 

Gelta C of thf- serum fe -24 for the r-ice diet and -19 for the corn 

diet. For the tiwenty clay diets, there is good agreement between the 

observed and calculated values. The absence of baseline (day #0) data 

for the 10 clay test makes interpretation of the data difficult. 

As in the experiments of the previous report periods, the delta 

N and delta D values do not follow consistent trends. The 4 o/oo 
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fractionation of delta N is only an approximation and may vary
 

depending upon the availability of 
diet£rry protein. This may be the
 

cause of the wea< manner in which delta N tracks changes in the diet.
 

surces of 


subjects make definition of the dietary hydrogen intake 


The mui o1 hydrogen available to the free living test
 

impractical.
 

Experiment 3:
 

Delta C of exhaled 
carbon dioxide should be an indcator of
 

foods metabolized for energy. In preliminary experiments during which
 

cnly 	C-3 foods were consumed for 5 days, we observed 
close agreement
 

between diet and breath del t, C values, 
both 	being approximately -26
 

0 / 0 

To measure the short term response of breath delta C to dietary
 

changes, a subject, whose normal 
diet is rich in C-3 type foods,
 

consumed only corn (C-4) for 24 hours, 
then switched to a C-3 diet
 

(mixed rice, mungbean, orangp, and then, on day #3, ate corn plus
 

mungbean. Breath was sampled 
at varied intervals during the test and
 

was analysed for delta C at the CNrC by 
S. Sekely. The results of
 

this 	test are listed in Table 3.
 

It is only on day 
43 that any evidence of the C-4 component 

becomes evident in the breath. By this time, the diet had changed to 

include C-3 foods and so the full impact of the C-4 component was
 

muted.
 

The data indicate that two 
or more days of constant diet are
 

required for breath to be an indicator of consumed foods.
 

This slow response ot breath delta C to the diet is 
surprising.
 

Readily digestibie foods would 
seem to be rapidly available to the
 

metabolic processes and 
so this experiment warrants repetition.
 

5
 



The slow response of breath, serum and saliva to diet is in 

marked contrast to the rapid respcnse of breast milk to dietary 

changes. The data reporied in our First Progress Repor t are typical 

of the many studies we have made of lactating women. Six hours after 

changing the carbohydrate of the woman's diet fr'om C-3 (delta C -25) 

to C-4 idelta C -12), the delta C of her milk lactose had changed 

from -23.5 to -17.6. Thi:'teen hours after the diet change, the 

lactose delta C was -15.5. We see that lactose formation is almost 

immediately repsonsive to the consumed food. The protein component of 

the mil< also changed, but by 3 o/oo. This is impressive since the 

protein-rich foods of her diet (milk, eggs, meat) were net changed. 

Exper iment 0: 

This experiment is the most extensive of this six month 

reporting period. For ten clays, subjects consumed one of the 

following diets: only (C-4), plus mungbean (C-4 + C-3),corn corn 

rice plus mungbean (all C-3), corn plus Australian milk (C-4 + C-3). 

Samp!es of blood serum, saliva, urine, feces and breath were 

collected throughout the test periods. The samples currentlyare 

being processed for delta C analysis. The data will provide a 

comparison of the assimilation of mungbean. a common local protein 

source, with that of mill:, a high qualtiy protein. 

CONCLUS 1N 

isotopicly speaking, it is popular to say: "You are what you 

eat." It seems that this must be modified to read : "You are what you 

ate." The delta C response of tissues have measured iswe slow (weeks 

to reach transient ecquilibrium) and then it is heavily influenced by 

the existihg body composition, i.e.. vhat you ate, cumulatively, over 

the past months or years. We have found that only breast milk (lactose 
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and protein) and excrement 
(urine and feces) change rapidly and in
 

accord with the 
recently consumed diet.
 

The long term response of populations to dietary norms is
 

evident from studies we and others have made. 
 We have found that hair
 

from individuals living 
 on the east coast and the mid-west of the 

U.S.A. is similar, approximately -16.5. This rei lects the C-4 input of 

corn-fed cattle and poultry (-14) and the mined C-4 and C-3 feed of
 

dairy herds (powdered skim milk from California, Florida and
 

Pennsylvania had delta C values 
 of -19, -19 and -18, respectively).
 

The foods of Wuxi. China are imaged in the delta C of local
 

inhabitants hair (-22) and in the 
 delta C of their foods (pig -28, 

fish -22, milk -21). In Israel, our hair has a delta C value of
 

approximately -18, our protein-rich foods 
-22 (dairy) and -16
 

pou I try). 

From the results to date, it is becoming clear that delta C is a
 

useful tracer only when good 
baseline data are available and the diet
 

is controlled during an experimental period of at least a week.
 

FUTURE EXPERIIHENTS 

During the final period of this proj-ct we will emphasize studies 

of assimilation by lactating women and of a diet cimbi ning corn and 

fish. These results in combination with those of Experiment 4, 
described 

above, relate directly to the nutrition needs of populations at risk
 

for malnutrition. 

OUTLAYS _1T) DATE 

To date we have spent $103,831.24 or 69.2% of our budget. The 

political activity in the Philippines has continued to cause some 

delays in the planning and inplementation of the experiments and 
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therefore in some of the planned outlays. Because this research is
 

not Iased in a major metropol i tan center , communications ar-e less 

rapid than we would desire.
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Table 1. Isotopic values for selected body tissues sampled while
 
adult males consumed pure C-3 diets 
for ten days and then consumed 
C 3 C-4 foods fur 2 days. 

DIET del ta C delta N
 

soy protein -24.6 +0.3 
veget bles 

and oats -26 
bread 

delta C (PDB, o/oo) 
day 0 clay 5 clay 10 1/ day 12 

red blood cells -21.0 -21.0 -21.6 // -21.2
 
blood serum -20.7 -21.11 -21.2 / 21.
 
Saliva -20.0 -21.2 -21.5 / 19.9
 
urine --- -21.4 -/. -17.6 

ces --- -2i6.4 -. 7.4 / -25.9
 

delta N (atmospheric nitrogen, o/oo)
 
day 0 clay 5 day 10 // day 12
 

red blood cells --- +8.5 +7.3 // 7.4
 
blood serum --- 8.7 
 8.4 // 9.0
 
saliva 
 --- 6.7 6.1 1/ 6.9
 
urine --- 6.1 4.9 // 9.4
 
feces --- 5.0 3.5 // 4.6 

DIET delta C delta N
 

powdered milk -29.3 +3.5
 
casein -28.5
 
fat -31.5
 

vegetables and oats -26
 
bread-2
 

delta C PDB, o/oo)
 
day 0 day 2 day 4 day 7 day 10 // day 11
 

RPC -20.5 -20.5 -20.6 -20.5 -20.6 -20.8
 
serum --- -20.8 
 -20.7 -21.4 -21.5 // -21.3
 
saliva -19.6 -19.7 -20.9 -20.6 -20.8 // -20.3
 
urine --- -21.2 -22.4 -22.3 -2.5 // -19.1 
feces .. -26.4x -26.9 -27.2 -26.7 // -24.2
 
shavings --- -19.7 -19.6 --19.8 
 -19.6 ,/ -19.7
 
xTh1s fecal sample was taken oin day 03.
 

delta N katmosphefic nitrogen, o/oo)
 
day 0 
 day 2 day 4 day 7 day 10 // day 11
 

serum 
 .... +7.3 6.6 +6.8 +9.9 //
 
saliva . . 6.4 3.3 
 3.6 4.8 // 4.6
 

note: Acidifying samples prior to analysis had no effect on the
 
delta C or 
delta N value. Aci cidi c-atin removes carbonate-carbon 
which may be pr.sent and retarcls volatilization of ammonia-nitrogen. 

9
 



-- ---- ----------------- -- -- -- -- ------- ---- -- -- -- -- -- -- -- -- --

Table 2. Isotopic values for blood serum while adults consumed only 
corn (C-4) or rice (C--3) during the periods indicated. 

)IET d ta del ta N tal C del ' 

boi led corn -6-10 -105
 
b,:il led rice -27 +5 
 -160
 

Corn diet delta C delta N delta D) 

day: 
 0 10 20 0 10 20 0 10 20
 

-21.2 --- +-.3 .. ..- 82 -
.-9.9 --- -- 10.0 -- -- -86 -

-21.4 -20.1 -19.6 10.6 9.6 9.4 -95 
 -78 -89
 
-20.3 -19.6 -19.7 10.0 9.8 i0.1 -83' --76 -83
 
-20.3 -17.7 --- 10.0 9.4 -- -83 -81 -

rice diet delta C delIta N delta D 

day: 0 10 20 0 10 20 0 10 20
 

. 1..- --- +9.9 -- -- -84 -

-21.7 ... ... 8.8 .- 85 -

-21.6 .... . 9. S- -80 -
-23.0 -22.5 -23.3 9.3 1i. 7 9. -83 -91 -85 

x x X Y x x N N XXXx X X X X X X X N'X N X XN X X NX X Y.X X :N X X N N N N1X X N Y X X X N X X X N X Y N X X X X x 

TaI e 3. [ I ta C va I eso fc;f it 1 1,ed h 1hi SLi It ac wn I: c c:'cllsllled 

d iet conta illin7 cm ' (:-4 oi . 3' r i H. 'I -4, ard C-only I ,-o 
 ,s. 

tL)av 4 I Dayv 

r '(C-4( 
 I'li ( P-riCe, ullUlngbeal, I frUi t)
 

t 1 del ta C time del ta C
 

23.4 0600 -24.3 
0C)0 -72. 1 1300 -23. 4 

1000 -23. 3
 
1 1 )0 

1600: - .24. ;1 6 0 C)- '7'Z,2 

bay 4 3 Day #4
 
i'rn + ll uncbea n Mixed C-4 6-3C 


I e J Iti. a C time delta C 

0000- --F2q 1300 .2 
9'.0 C,00 9 130!) -19. 1 

0900 4.6 1300 -20.9
 
9-,-,01 0 1I30 -19.7
 

1250 - 20 .9 
1310 -20. 5 
11410 - 16.9 
1610 -1. 3 
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Figure 1 

The relation of the 8C of several animals to 
the 8C of their diets. 

-30 	 Prawn and guppy data are for whole 
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This figure is adapted from: Schroeder, G. (1987) Carbon and nitrogen
 
budgets in manured fish ponds on Israel's coastal plain.
 
Aquacu Itiuri- ,t_:259--279.
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