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ABSTRACT 

Controlled exposure studies in the laboratory and tbe field have been initiated to investipate the transfer ot low soil concentrations 

ol PCDD/Fs to chiciiens The accumulation over time ol specilic isomers is being tracked in eggs. Wood, feces, liver, adipose, and 

edible flesh, luleasuiable increases of PCDD/F concentration in eggs of exposed chicl<ens. as compared to controls, were seen alter 

30 days of exposure. The exposure characterization, as well as initial data on isomer specific accumulation rates in eggs are 

presented. 

INTRODUCTION 

Previous reports from ttiis tatioratory'' have presented data on the bioaccumulation ot PCDD/Fs in foraging farm animals in areas 

with soil PCDD/Fs v/ith a CATEF' in the 20-50 ppt range. In one of these sites, near a wood treatment plant in Oroville, California, 

the PCDD/Fs showerJ a pentachlorophenol profile', tn our previous investigations, neither the level r\or the duration of exposure 

could be controlled One ol the major objectives of the current studies Is to estimate tho rates and levels of bioaccumulation ol 

PCDD/Fs in chickens. The siudies are carried out under cont.-olted conditions and the results are anticiiDated to provide an improved 

understanding of the relationship between agricultural soil contamination by PCDD/Fs and ttie accumulation of these compounds 

in Joraging animals 

EXPERIMENTAL 

1. Studv Design The study consists ol two pans: a laboratory phase, conducted at the University ol California, at Davis, where 

the chickens are fed a formulated diet containing soil from an Oroville. California, backyard found contaminated with PCDD/Fs, and 

a field phase where the chickens are raised on PCDD/F contaminated soil at that Oroville back-yard. The purpose ol the two phases 

is to study the potential for PCDD/F buildup in eggs and bioaccumulation in tissues through ingestion of contaminated soil. Rates 

and levels ol bioaccumulation will be determined during the laboratory phase and will be compared to rates obsen;ed in the field 

phase in an effort to isolate the contribution of the soil vector, as compared to other exposure pathways. 

A, t-aboratQry phase 

Exposure giouns This phase involves three exposure groups with 20 chickens in each group The groups are housed in separate 

animal rooms, with ttie individually caged chickens tiaving free access to food and water. The three groups are: 1 Control nrouo. 
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l o t j l c 1. PCDD/F i s a n r r c o o c r n t r a t tons CfU'l ) 

1 rvELS IH sou 

CONIRUI. LOU HIGH 

:(vtl*". IM (FfO MIX 

CONIROl LCM HIGH 

• 2 , i . 7 . t ICDD 

' 1 . 2 , ^ . 7 . & FcCDD 

' l , 2 , 3 , i . , 7 , 6 HKCDD 

1 ,? ,3 6 7 8 HiCOD 

1 , ? . 3 , 7 , 8 , 9 HxCOD 

l . ? . 3 , ' . , 6 , 7 , 8 HpCDO 

• OCDD 

' ? . J , 7 , 8 ICDf 

1,. '?.3,7,8 PrCOf 

• ? , 3 , i , 7 , e Por.Df 

1 , ? , 3 , 4 , 7 , 8 HKDf 

• 1 ,2 ,3 6 7 8 H^CC'f 

2 , 3 , ^ , 6 , 7 , 8 H>CDf 

1 , ? , 3 , 7 , 8 , ' ? H>CDf 

1,?,.^ 4 6 7 8 Hpfnt 

' 1 , 2 . 3 , 4 , 7 , 8 . 9 HftCDf 

• OCOf 

C A I F f 

^ ^ ' * • l f ^ 

I - I U 

KA 

' 0 . 3 

<0.5 

I . ? 
< \ . 7 

L'0.0 

10b.0 

<1.0 

- 0 . 1 

<0.1 

-•0.1 

<0.4 

^0 .1 

' 0 . ? 

2 .7 

«0.4 

6 .2 

0 .6 
0 .0 

O.S 

HA 

11.8 

16.4 

5 4 . i 

4 0 . 0 

70^ .0 

4,-";o.o 

6 .8 

1.1 

4.4 

4 5 . 0 

10.1 

20.3 

<0.1 

177.5 

40 .5 

249.5 

5 / . J 
4 .4 

i 5 . 2 

MA 

242.5 

415 .0 

8 9 . 0 

5 6 . 0 

108fi.5 

108736.0 

0 2 . 0 

' 1 . 0 

133.5 

97 .5 

5 / 0 . 0 

21 .5 

•lO.I 

V.f.0 
1128.0 

9 i 6 0 . 0 

5 t 6 . 4 

1 /1 .1 

4 0 8 . 7 

NA 

<0. t 

• 0 . 07 

' 0 . 1 

^0 .? 

2 .0 

9 .8 

<1.0 

•0 .04 

0 . 0 / 

0 .1 

0.05 

' 0 . 0 3 

' 0 . 0 4 

0.30 

<0.?0 
0.4? 

0 .1 

0 .0 

0 .1 

MA 

0 .7 

I . / 

6 .1 
5 .0 

5? .0 

J59.0 

' 1 .4 

^0 .1 

0 .5 

J .2 

0 .8 

0 .8 

' 0 . 1 

14.0 

2.2 
19.0 

3 .J 
O.a 

3.5 

NA 

l i . 9 

22.5 

5 .0 

2 .9 

9A.5 

8000.0 

8 .6 

• 0 . 2 

8 .9 

9 .0 

27 .0 

2 . 1 

<0.1 

50.5 

101.0 

7 8 / 0 

40.4 

10.5 

50 4 

NA 

19.9 

13.2 

0 .8 

0 . 6 

1.8 

22 .3 

• 6 .1 

29 .7 

2 .8 

33 .8 

2 .9 

2 .2 

4 5 . 9 

41.4 

HOI aiuly^cd 
I s m c r s p i k e d i n the High o f w s u r e d o s r gi"oup 

to t l ie soil atKJ fed i l ic same corrunorcial diet. 

2._AnalYSis 

For both study pfiasos. eggs aro col lcc icd ihroughout Ifie study every 5 days dur ing the first month and every lO days Ihereaftor. 

Chickens are culled accord ing to a schedule atxJ samples of blood, Icccs. edible meal . Irvur and adipose tissue arc collected and 

;;ioro<) for r.ubSGquerU analysis. For both eggs and tissues, three samples arc composi ted prior to extraction and an;ilysis. PCDD/Fs 

in soil and ioc\J samp*os are extracted wi th lolueno aixJ purified u s i i ^ AX2i carbon, followed by basic and acidic silica get mini-

490 Organohalogen Compounds 1 
 
1990



column. PCDD/Fs inegg sain[>los are purilied using C-1M Ciolid plvi'je exlraclion canridgos. followed by Carbopack C arxl alumina 

Cfjlumn cl(;anup\ All sarnfjiec are aailysf.-d Ijy HRGC-LRr/S in motliane NCI tnodc The cleanup of split sampJes sent to the 

University of U m e i is txisc-d on the Smith oLi!! ." rnottiod v/ith the analysis performed by HRGC-HRMS. Tissue specimens are 

available for future toxif;ity studies sucti as fieiKilic enzyme assays and imiTiunologic testing. 

nESlJL IS AND DISCUSSION 

Thus (ar. in both the field and laboratory studies, egg production and animal hoaltfi appear to be nornr«t. TaWe 2 shows the 

I^CDD/PCDF results lor preexposure eggs, as well as eggs lakJ following 30 arxl 50 days of exposure in the field study for both 

tfie exposed and the control groups. Tat)lc 3 shows tho preexposure and 30-day PCDD/F egg results from the laboratory study 

for the control, the low and the fiigh exposure dose groups. Tfie PCDD/F profile in feed corresponding lo that exposure period is 

shown on Table l 

Field phgsQ Tho initial results from this phase indicate a gradual increase over the pre-exposure levels for the exposed chickens 

with lower and rather stable levels for tfio control chickens. However, these levels are much lower than what was previously 

obsen/ed in eggs from chickens raised on that property which had CA-TEFs in the lOO to 200 pg /g fat r ange " . This difference rnay 

be due to ctianges in food consumption, i c more reliance on commercial (eed as opposed to foraging, or to deplet ion of soil 

PCDD/Fs and/or soil organisms in the enclosure area to which the chickens have access. The data could, however, reflect a slow 

rise 10 tfio expected levels. This issue should be resolved when more egg samples are ar^lysed later in lime. 

l a b l e 2. PCOD/F isomer c o o c c n t r a i i o n s ( p g / 3 f a t ) 

ph.Tic of the s t u d y . 

1 eggs from the f i e l d 
laboraton^ phase The PCDD/F 

levels in eggs fo l lowing 30 days 

of exposure in the laboratory 

phase are dear ly higher than in 

the pre-exposure eggs. Also, the 

levels in the eggs f rom the tow 

exposure group are higher than 

the levels in eggs following 30 

and 50 days ol exposure in the 

field Since the low exposure 

dose group is fed tf>e same soil 

that the field chickens are 

exposed to. the differences in 

accumulation are probably due to 

differences in the intake. In the 

laboratory, the chickens are 

given 10% soil in their feed. 

whereas ii appears that, at least 

at this time, the f i d d chickens 

ingest much less. 

The levels of PCDD/Fs in the 

eggs are proport ional to lf>e 

levels in the (eed for both the tow 

arxi the high exposure groups, as slx>wn on Tables 1 arxl 3. Additionally. tt>e congener profile and tho isomer pattern of the 

eggs and the rcspccirvo feed are very similar As oxpecied. lower cfi lonnaled isomers appear lo accumulate at a faster rate 

tl ian higher chlorinated isomers. 

IZOHCB 

2 . 3 . 7 , 8 ICDO 

1 ,2 ,3 .7 ,8 PcCDD 

1 . 2 , 3 . 4 , 7 . 8 HKCOD 

1 , 2 . 3 . 6 , 7 , 8 HxCDD 
1 . 2 , 3 , 7 , 8 , 9 KxCOD 

1 . 2 , 3 , 4 , 6 , 7 , 8 HpCDD 

OCDD 

2 , 3 , 7 , 8 ICDf 

1 ,2 ,3 ,7 .8 PcCOF 

2 , 5 , 4 , / . 8 PcCDF 

1 , 2 . 3 , 4 , 7 , 8 HACOF 

1 . 2 , 3 , 6 . 7 , 8 HxCOF 

2 . 3 , 4 , 6 , 7 , 8 HJICOF 

1 , 2 , 3 , 7 . 8 , 9 HxCDF 

1 , 2 , 3 , 4 , 6 , 7 . 8 HpCDF 

1 , 2 , 3 , 4 , 7 , 8 . 9 HpCDF 

OCDf 

CAIEF 

EPA-IEf 

I I E F 

* < I n t e r f e r e n c e 

NA : Hot ana lysed 

aASCLINE 

KA 

< 0.15 

< 0.20 

0.72 

• 0 .53 

4 .78 

40 .29 

0 .89 • 

0 .07 

0.32 

0 .36 

0.55 

0 .18 

* 0 .15 

0.55 

< 0 .31 

2 .06 

1.7 

0 .3 

0 .7 

OAr-

CONTROL 

< 0 . 4 2 

< 0.32 
< 0.26 

0.75 

< 0 .85 

5.79 

59.25 

0 .89 

< 0 .06 

0 .31 

0.55 
< 0 .09 

< 0 .10 

< 0 .19 

0 .97 

< 0.23 

* 1.05 

1.9 

0 .4 

0 . 8 

30 

fcKPOSEO 

< 0 .39 

1.31 

2 .20 

5.64 

0 .39 

27.38 

55.30 

0.94 • 

0.25 

2 .82 

1.42 
0.95 

0.83 

< 0.22 

3 .58 
< 0 .27 

« 1.40 

6 .7 

1.5 
3 .7 

OAT-50 

CCA-1 BOI 

NA 

< 0 .15 
0.41 

1.20 
< 0.29 

9.69 
40.77 

1,04 • 

0 .29 

0.45 

0.57 

0.45 
0 .41 

< 0.14 

2.35 

* 0 .32 

2.70 

2.4 

0.4 

0.9 

EXPOSED 

NA 

l.fi2 
2.41 

4 .67 

2.93 

51.23 

46 .68 

1.21 • 

0 .33 

0.60 

1.29 

0.88 

0.9S 

< 0 .09 

4 .16 

< 0.37 

< 0 .71 

5 .6 

1.6 

5 .1 
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The data from the Day-30 laboratory eggs suggest no preferential bioavailability of the spiked isomers as opposed to the 

unspiked 2,3.7.8-isomers in the same congener group. This is indicated by the relatively constant ratios o* rtie concentration 

of each isomer in the high arxi low exposure eggs versus the concentration in the high and low (eed. For example, when the 

1,2.3.4.7.8 HxCDD (spiked isomer) is compared to the 1.2.3.6,7.8 HxCDD (control isomer), Ihe ratio o( H / L in the feed is 13.2 

.0 .8 = 16.1 (Table l J and in the eggs « is 30 .5 . 1.6 = ]8 .8 (TaWe3; . Simflar(y. lor tho 1.2.3,4,7.6.9 H p C D F (spiked) and the 

1.2.3.4,6.7.8 HpCDF (control isomer), the ratio of H/L in tho feed is 45.9 : 2.2 = 2 i . very close to the rat io in the oggs 65.7 

: 2.8 = 23.5. 

I nconc lus ioa these preliminary 

data indicate that chickens can 

take up P C D D / F s from soil al 

very low ppt levels arxJ transfer 

ihem into their eggs, af levels 

directly proport ional to the 

ie\'els in the (eed. As both 

phases o( the study proceed, 

the dist r ibut ion o( individual 

isomers in lo liver, adipose 

tissue and edib le (lesh will be 

determined. These dala, in 

conjunction v.Tih the analysis o( 

feces, will allow (or an 

approximat ion of a mass 

balance for PCDD/Fs . Even at 

this early s tage of the study it 

appears thai consumption of 

s o i l w i t h P C D D / F s 

concentrat ior^ as low as 50 ppt 

CA-TEF can lead to measurable 

bioaccumulat ion. It is hoped 

that the final results will provide 

i n f o r m a t i o n r e l e v a n t to 

r e g u l a t i o n s a n d h e a l t h 

guidelines on raising range food animals on soil with low levels of PCDD/F contamination 
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Tab le 3. PCOO/F i i c r v r co*-<:ent 

l a b o r a t o r v 

ISOMER 

2 . 3 , 7 , 8 r a » 
1 , 2 , 3 , 7 , 8 PeCOO 

1 , 2 , 3 , 4 , 7 , 6 HrCOD 
1 , 2 , 3 , 6 , 7 , ! H.COD 

1 , 2 , 3 . 7 , 8 , ? Ĥ iCOD 
1 , 2 , 3 , 4 , 6 . 7 , 8 HpCOD 
OCOO 

2 . 3 , 7 , 8 ICOf 
1 . 2 , 3 . 7 , 8 PeCOF 
2 , 3 , 4 , 7 , 8 PeCOF 
1 , 2 , 3 , 4 , 7 , 8 hiCDF 
1 , 2 , 3 , 6 , 7 , 8 H^COF 
2 , 3 , 4 , 6 , 7 , 8 H..COF 
1 , 2 , 3 , 7 , 8 , 0 K.COF 
1 , 2 , 3 , 4 . 6 , 7 , 8 BpCOF 
1 , 2 , 3 , 4 , 7 , 8 , « BpCOF 
OCOF 

CA.IEF 
EP«-IEF 
I - IEF 

' = I n t e r f e r e n c e 
NA * Hot ana lysed 

* = Isomer sp i ked i n 

pnase of t 

BASf l lME 

. o.to 
' 0 . 5 9 
" 0 .25 

' . .02 
. 0 . 77 

6 35 
42 77 

0 .50 • 
. 0 .05 

(1.21 
C.41 

0 .23 

5 .18 
. 0 .71 

1.27 
. G.24 

3 .53 

' . .6 
0 .4 
0 . 8 

tne - i g h e 

r a t i o n s ( p 8 / g 
he s t u d y . 

0 * r 

CONTROL 

HA 
0 .40 

< 0.14 
< 0 .17 

2.25 
9 .49 

29 ,60 

1.80 • 
0 .18 
1.08 
0 .39 

0 .26 

0.22 
« 0 .10 

1.24 

< 0 .31 
1.51 

3 .9 

0 .6 
1.4 

f a t ) i n 

30 

LOU 

KA 

4 .50 

8 .50 
31.35 
15.56 

223.17 
.554.22 

1.78 
1.39 
2.64 

26.12 
6.24 

6.32 
< 0 .16 
43 .16 

6 .30 

24 .76 

21.4 

5 .8 
16.7 

posure dose feed 

esgs f r cm t f ie 

HIGH 

UA 
146.39 

259 .49 
5 0 . 8 6 
2 1 . 5 6 

411 .18 
17352.11 

4 4 . 8 9 
2 .44 

9 9 . 8 3 
74 .28 

255.35 
12.54 

< 0 .11 
121.03 

413 .92 
1355.29 

5 4 2 . 2 
105 .6 
223 .3 

HICH/LOU 

HA . 

32.5 • 

30.5 • 
1.6 
1.4 

1.6 
31 .3 • 

25.2 • 
1.6 

37 .8 • 
2 .6 

4 0 . 9 * 
2 .0 

2 .8 
6 5 . 7 . 

5 4 . 7 . 
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