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Polychlorinated Biphenyls: Distribution and Storage in Body
Fluids and Tissues of Sherman Rats’
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A analvtical method tor determinagion ol PCB (Aradar 1251) in blood, urine,
feees, and tissaes af Shenman strain rats after prolouged dictary intake (100, 500,
and FOUO ppinn ) is presented. The methad imobves homogénization and extraction with
hewane, cleamp on o siticn gel microcobmmm and analysis by clectron-captse gas-
liggnidd chranedographv, Recovery data sire showae at 0.1 50 T, and 100 ppoe. NMass
sprettoseapic claacteristics of PCB - in tissaes are given, Distribution, stovage, and
evetetion rdes diring feeding and dter discontineance of PCR o the dict are
presented,

Polvehlorinated biphenvls (PCBs) were first deseribed in 1881, by Schimidt
and Shultz (1), Connercial production was hegun in 1930 (2). These compounds
have heen and still are widely nsed as plasticizers and vesing and in chorinated
mibber €3, 4). They are known to enhanee the insecticidal properties of lindane
(3), DT and dicldrin (6), They niay be used as stationary phases in gas-liquid
chronmatography (7).

Their widespread vuse may have vesaltad in contiomination of the cco-system as
suggested by puny recent reports. Arockort and DDT were both used during
Worldd Wate T1 Ta 1948, total orgamic chlorine analysis provided data for the first
determination of DI storage inoman (8). Sinee this wicthod has no specificity
for DDT the total organie chlorine content would not preclude the presence of
other organic chloine-containing moictics. In terms of halide specificity, the
Dolumam microcoulometrie gas chromatographic method for detecting pesticides
was well estabbished by 1980 (9), and clectron-capture was in use by 1961 (10).
Roburn (11) first observed extrancous peaks in 1963; he used a potentiometric
mode ol madysis for total chlovine and found disagreement between this methaod
and total chilarine content ealetbited from gas chromatographic resulty in which
\rgon ionization and clectron-capture were used for the analysis of tissues and

"The Monsunto Company manafactures PCRs chielly in the United States nnder the irade
pae of Aoclor. They are maonfactired i Franee by Prodelee, and in Germany by Bayer,
with trade mames, Phenochlor and Colphen, respectively.

These compounds sre designated by soanmbers. The first two digits represent the maoleenlar
e 12, chlorinated hipheoyle: 25 and #3, Blends of chlorinated hipheoyls and eblorinated
terphienyls (75% hiphenyl and 60% hiphenyl, respectively 3 54, chiforinated terphenybs. The fast
two digits give the weight pereent of chlorine. Thos, Avoclor 12510 and 1260, with which this
paprer is comcerned, are chlorinateld biphenybs containing 54 and 604 chlorine, yespretively,
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452 CUNLEY ET AL

cegs of wild birds, The samples showed significant amounts of unknown clee-
tron-capturing, cmnp()nnds. Roburm p()slnhltvd that these were metabolic inter-
mediates of one or more of the organochlorine pesticides, The differences could
also have heen indicative of PCB contamination. It was not antil 1966 that 8. Jen-
sen (12) using cleetron-capture and mass spectrometry was able to identify as
PCBs wnknown peaks found in the analysis of fish and a bird carcuss. Un-
doubtediy, the time lag between initiation use and detection of PCB in the en-
viromment s a o matter of acenmuliative concentration and/or instiumentation
development,

The presence of PCBs in environmental samples has been well established
(13, 1), Acute and subacute feeding studies to detenmine toxicities and some
residue Tevels have been done with rats, birds, and guinca pigs (13-18, 22}, Tol-
crance studies have been done with fish and other fors of noine life (19, 21
223, Pathological ¢hanges in the diver and other organs have been shown in
wuinen pigs, rats, and rabbits at high concentrations (22). Nydvopericardinm and
growth depression proportional to dictary Tevels of the toxicant have been pro-
duced in the chicken (23). Polychlorinated biphenyls are known to affect estrogen
fevels in birds which in turn reduees caleium rescerves and results in thin eggshells,
Chemical porphyrin from oral administration has also heen shown in chicks (18).

This paper presents distribution, storage, and excretion rates of Aroclor in cer-
tain tissues, body fluids, and cxereta of rats following (1) a single oral dose. (2)
repeated dictary intake, and (3) after discontinuance of PCB iy the diet.

METIHODS

Aroclor 1254 an:l 1260 were supplicd by the Monsanto Chemical Conpany with
respective ol numbers, AK-38 and AK-3. Dictary formulations were prepared
according to the methods deseribed by Gasnes and Kimbrough (24).

LExprmisieNrt A

Avoctor 1254 and Arocor 1260 were administered at 1800 mg/kg and 3200
mg/ kg, respectively, as a single oral dose, by stomach tube to three female, 173-
to 183-dav-obd, white Sherman rats weighing 260-318 g, Four control rats, two
in cach group, were given peanat oil only. Twenty-four hours Tater the animaly
were killed, and blood (oxalated ), tat, muscle (abdominal), liver, Kidney, lang,
and brain were taken for analysis.

Exprrunoenr B3

Aroclor 1234 at 1000 ppm was fed for 95 days to 29- to 34-dav-old Sherman
stradn mabe aud female weanling rats, in gronps of 10, Controls were fed only
pliin chiow. Pood conmunption was measored at intervals as deseribed previoushe
by Kimbrangh and Gaines (4). Al rats were weighed on aowecekly basis fron
experiment initiation antil time of sacrifice or death. The rats consumed an aver-
ase of 727 e/ R/ Aroclor/day. Blood (exalated ), fat, muscle Gabdominal), Tiver,
Kidiey, g, and brain were taken from cach rat at time of sacrifice, Tissues were
preserved in 10% formalin and held for analys s
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Exvrnntene C

Shernim strain male weanling rats (81- to 66-days-okd) were fed a dict of plain
chow or chow fortified with Aroclor 1234 at a coneentration of 100 ppin for 38
dayvs. Fortiicd chow was discontinued, and samples were collected during, the
reeusery period. Food consumption was measured at 2-day intervals for a period
ot § days, alter 42 davs Tood constmption swas nceasured daily for 4 days. Swr-
viving rals were weighed once a weck, At various times during the experiment
rats were ind vidually housed in metabol'sm cages. Urine and foees were collected
over a 16-hour peried during which time plain chow was fed. Following excereta
collections, rats were saerificed, Blood (oxalated ), fat, muscele {abdominal), liver,
kiduev, and brain were taken from each rat at time of sacrtfice, Tissues, urine, and
feees were drozen at time of collection, Whole blood was centrifuged and the
plivma refrigerated. The outline of the experiment as aforementioned is sum-
marizet as Tollows: These animals (twa on the diet and one control) were saeri-
ficoed on Dav 409, 13, 17, 25, 34, 42, and 38. After discontinuance of PCB in the
diet, two animals were sacrificed on Dav 818, 24, and 71

LExreamNes 1) ann [2
Sherman strain male weanlings (36- to 41-days-old) were fed Aroclor 1254 at
dictary levels of 100 ppmoor 500 ppm for 252 days. Body weights were determined
initiallv and weekly thereafter for 121 davs. On the basis of food consumption
measurements, the average rates for intake of Aroclor 1234 were 8.8 myg/kg/day
and 364 mg/kg/day Tor 100-ppm and 300-ppm dictary levels, respectively, Same-
ples were collected in the same manner as Experiment C,

SariLE PreransrioN

Polvehlurinated biphenyis like DT, are not water soluble hut are, in fact,
highly lipid soluble. Solvents for tissues and plasma extractions were selected for
this property,

Phisma Gt deast 2 mib) was extracted by the methad of Dale ef «f. (25). Later
i the studhy) the Bryant=Thompson modification of this method was used (26).
Nosignificant dilference has been found between these methods in this Tnboratory
with the exception that convenienee favors the Bryant=-Thompson modification.

Samples ol fat (230 mg), liver. muscle, kidney, and Tungs (500 g each) were
honmogenized twao times in 4 ml of hexane, and the extracts were combined.

Brain (500 mg) was homogenized two times in 4 ml of acetone, and the ex-
tricts were combined (27).

Urine (mean volume of 10 ml) at ptl < 7 (using pllydrion paper) was diluted
to a volume of 253 ml by the addition of water and 1 m) isopropanol. These sam-
ples were extracted in 125-ml separatory funnels three times with 10 ml hexane.
The hoxgane extracts woere combined, washed once with 3 mi of water, and dried
with 1.5 ¢ of anhyvdrous soditun sulfate.

Frees were desiceated over ealcium chloride for 1 week, One gram was then
pulverized i a mortar and pestle and extracted for 1 hour with 235 mt of acetone
o an satonnatic shaker. The accetone extract was decnted and placed in a 50-m)
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" 484 CURLEY LT AL, |

centrifuge tnbe, Partiendate matter in the extract was removed by contrifnging
and/or decanting, The extracts weve v\mpnmh'd with o stream of dry ni(mgrn i !
a volume of 0.3 mlbin a water bath (40°). The acctone extracts were evaporated
just ta dryness and made to a volue of 0.5 mlin hexane, The samples were diied
with anbydrous sodinm sulfate and held for cleanup and analysis by clection
eapture gas=liquid chromatography.

PrupanatioNn or Sica Gen axn Micno-Cosuax

. Sitien gel (27) from Woelm (Activity grade 1) was activated at 130° for 4!

S hours and desiceated over caleium chloride for 16 hours before deactivation at

3¢ (viw) by the addition of water, The silica gel was altowed to equilibrate at {

least 2 hours before use, After comparing the weight of the silica gel hefore and
alter activation, it was found o he activity grade [as specificd by the manu-

Fxcturer and {uvthey activation was wnnecessary; however, cach new hateh was

rontinely activated, -

. One gram of the deactivated siliea gel was placed ina disposable pipet, which
had been loosely plugged with sikinized glass wool, and gently seated. Colinns
were prewashed with 10 ml of hexane. Each simple was placed on the cobumn ‘
in a volume of 0.5 mh At least Tl of hexane was nsed to guantitatively transter
the sample o the head of the colunm, The colmnn was cluted with 10 ml of a
1:1 benzene:hexane mixture (27). Samples were chromatographed in sets of
cight with duplicate column blanks. Aroclor 1234 standards were elated: simul-
tuncously in order to ascertain the variamee insilica gel activity and to detect any

possible contimination fromy solvents, glissware, or silica gel. l

Gas ChrosATOGRAPIY (]
Sanpley from experiments, A, G, D, and 1 as treated above were analyzed by t
. clectron-capture gas=liquid clromatography wnder one of the following condi- tr
: tions using a MicvoTek MT-220 gas chromatograph: pulse Mode (using doal 3
colunns and doal detectors ) cell voltage, 36.5 volts: pulse width, 5.5 csee; pulse | N
rate, 120 psee; detector, “H, parallel plate design, No. T 205°, No. 2§95 colunm, I

G x £ odl. Usshaped pyrex glass packed with 5% OV 210 on 807100 mesh

Chromosorh W, high prrformance, 170%; inlet 2357, carvicr gas, argon—imethan

(93-3%), 30 psi; How-through Detector Noo 1530 co/minute: Detector Na. 2, 60
cefminnte. The DC mode was as follows: cell valtage, 13 volts: detector, T par- n

allel plate design, 210°; Colomn, 6" X 57 o.d. U-shaped pyrex glss packed with ! t)
L3% OV-17/1.957 QF-1 on 100/200 mesh Chromaosorh AV, 110, 200 julet, 230 t)
carvier pas, nitrogen, 40 psi; Dow-through detector, 75 ce/ minute, "

Samples Trom Experimient B owere injected divectly as hexane extracts and | u

analyzed by clectron-capture gas=liquid  chromatography under the following w

) conditions using a MicroTek MT 220 gas chromatograph: cdll voltage, 40 valis U
DC; detector, Nic 250°; column, 67 X 57 ad. Usshaped glass columm pached R

S with 1.5% OV-17/1.95% QF-1 on 1007200 mesh Chromosorh W, TIP 200°C; inlet, I,

a 210°; carrier gas, nitrogen, 40 psi; fow-throngh detector, 80 cof minute, 20 ¢o/

ute scavenger plus 60 co/minate carrier gas flow.
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Recovenry Stuntes

Recavery studies were completed using the following methods for controf tis-
sues, plasma, and 1S-hour urine wnd feces collections, The fortification level Tur
vach type of sawmple was the mean concentration, with the exception of fat, of
Aroclor 1234 found for that siunple in Experiment C. Fat samples were fortified
with 100 ppon. '

Tissues (fat, liver, kidney, brain, and muscle): Avoclor was added direetly to
the hexaime extract prior to liguid chronutography.

Plasnia: Avoclor was added diveetly to fresh plasma, thoroughly mixed using
a mini-niixer, and allowed to cquilibrate overnight under refrigeration. Samples
were then treatedd as weationed v methads.

Feees: Aroclor was added diveethy to pulverized dry feees and treated as men-
tiomed inmethads,

Urine (three slightly different approaches were used ):

No. I—Aroclor was added to T ml of isopropanol, then mixed with a solution of
arare and water (10 ] + 15 wl) and analvzed as mentioned above; No. 2—
Wroclor wis added to a hexane extract of 10 ml of wrine which had been prepared
aomentioned above; Noo 3—Urine (3 mil) was added to a known quantity of
Yrocdor ina 1353-m) centrifitge tube, mixed on a minipixer, and allowed to equili-
Irate at room temperature for 16 hours. Urine was extracted three times with
3 mbof hexane: the hesane extracts were combined and evaporated to 0.5 m).
RESULTS AND DISCUSSION

Rouwt nely. this Jaboratory operates dual chimnel solid state electrometers at a
sesitivity of 4 X ™ amps Tall scale which permits the detection of 10 o 30
picograms of the more conmmon ehlorinated hydrocarbons, There swas asignificant
dillirence hetween the response characteristies of the Aroclors as compared to
the chlorinated hydrocarbons, To achieve a representative gas chiromatographic
teaee, at feast 350 and 490 pg of Avaclor 1254 and Aroclor 1260 were vequired, A
ws chromatogram illustrating the diflerence hetween the clectron-capture re-
sponse charncteristios of these compomnds as compared to chlorinated hydrocar-
hons is showa in i, 1

loxpeineNT A

Data yesulting from clectron-capture analysis of plasma and tissues in Experi-
ment A are presented in Table I Quantitation is an approximation, In all cases,
the peak heights (in mm} of 2l PCB components were summed Tor the respee-
tve standird at a given picogram quantity injected. A response factor was deter-
mined for cach standard in pg/oni. For cach sample, a sirmmnation was made of
the totad response (in nin ), and the product of this times the response factor cal-
aadated to give picogrms of PCB oy PCB-derived material in the sample. When
the gas chromatograms for the samples were compared with those of the Aroclor
standard, there were na recarrences of the general Aroclor pattern. Some peaks
ud completely disappeared. This was also true for each of the succeeding studics.

Athough the dosage level of Aroclor 1260 was twice that of Aroclor 1254, the

DSk

026035

STLCOPCB4009997

oo

Criam

i RSP SRR FLIE B R 54

L2 S

-

o .




—

S e o

486

Ale feag ot

Lot iR AN

CHEORES AV LLIC Iy intre VNS 1"

LTRSS T

=

T — T

Fic. 1. Cas chromatograms for Aroclor 1254 and chlavinated hydrocarhon standards. (A
plot of detector response vs time, )

TABLYE 1

Disvianurion oF Anocrons 24-nouns arrir OQuab Inaestiox oy Sroaaen Tune

Aroclor 1234 Avovior 1260

{dusage tevel 3200 ny k)

(dosuge level —HO00 mg 7 kg)

Plnxmn
Moenn RN 15 74
SE + N ON + 0w
Brnin ,
Meun 13S0} 143 17
D) + 36 41 + 23 a0
' Fui
Menn 11489 Qi u
Sk + 571 6 + 426 6
Liver |
Meun 141.20 246 1 ‘
sl 1 4780 116 3 i
Kidoy
Menn 274 038 jsti \
Nlo 4+ a0 47 tiid 0 ‘
Lung
Mean G511 103 17
by DS + 249 48 + 21 3
.\]ll.\'(‘]('
Menn S0 24 47 0o !
Sk + 67 AN + 2207
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mean storage levels alter 24 hours were essentially the same, Considerable vari-
ation in the storage levels was found in cach group. Ditfering absorption rates
from the gut might account for the variation in levels found: variation was highest
in the tat and lowet in the plasiiae According to Haves (33), acute dosages,
such as the one given heve, do not rasult in storage, bat rather in a flooding of
the orgamsim.

ExprmseNt B

Only sarviving rats were analyzed in Experiment B. Five of the ten male rats
dicd—one on the Tast day (day 98), and one cach on days 85 and 56 and two on
div 300 Eight of the ten fomale rats dicd—one cach on days 89, 80, 47, 41, and
35, and tloee on day 533, Tacker and Crabtree (13) fed male albino rats 1000 ppm
Avoclor 1251 and yeported Tethal effects to none of 6 by 14 days, 1 of 3 by 25 days,
3of 4 by 43 davs and 4 of 4 by 33 days including a 21% reduction in food con-
sumption. Al sorvivers in Experiment B oappeared o be normal; however no in-
crease in weight was observed in surviving males after 84 davs of dictary intake
and after 77 davs for sieviving females. Food consumption for dosed mades and
females was 66 and G474 respectively, of constmption by controls,

Data from clectron-capture analvsis of tissues and plisma are presented in
Table . The variation in the coneentrations of PCB in this experiment, as in Ex-
periment AL ix least in the serom and brain and highest in the muscle and fat.
A sienificant difference between males and females was not found for storage of

Aasim

TAblLE T

Insrianr o or PCB-Dios ks Morenga, Fonrowisa 985-Day Fxroscn: to
ety v or 2000 PPM Arocnon 1254

\

Males Fenales
tppin) tppan} Males vs Females
Plusn
Mean v I8 p > 050
<k t t 1
Y
Menn 11278 hYH1| p > 050
N 4 AT a7
Muosede
Mean 13a 753 po> 1) 20
sI ny ™2
Pannge
Meun ™ oY) p > U5
s + p] 20
Brom
Mean th k) p> 050
Rl + ] 21
Wity At e} p > 050
h3 + i 24
faver
Mean 155 210 p> 20
sh + M
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488 CUNLEY ET AL.

Aroclor 1254, ITaves (35) and Dale et «l. (36) report that storage of DT in
female raty exceeds that of male rats when both are maintained on the same dict
and that the enhancement in storage exceeds the greater food intake by fenmades,

The absence of certain peaks in the Avockor standard when compared to POB-
derived material in the smuples became more dramatic in this experiment as
compared to Experiment A, Generally, the percentage of matcling Aroctor peaks
found in cach tissue was as follows: plasma 814, fat 744, brain 664, liver 614,
hing 634, muscle 624, and Kidney 55%. These diffierences could be attributed to:
(1) selectivity in storage for each tissue; (2) enzyme activity resulling in some
form of metabolism; (3) exerction favoring some isomeric forms as opposed to
others.

Exeesienr ©

The data from the analysis of tissue, plsima, and excrement obtained according,
to the schedule outlined in Experiment C are shown in Figs. 2 and 30 There s a
steady buikdup of Arocdor in ol tissues, while the exeretion trend s quite erratic.
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Fie 200 Disteibition of PCB-derived nnterial in tissues and plasis from vats on a dictaey
level of 100 ppm Aroclor 1231,

DSW 026038

e

w
' o
1
[
[T
:
¥
=
i -y
U
o« v
..
w8
w
P
‘ LCIY
l
]
-
[CER.
' oo
' w
e
us
04

C
ta
I

d

STLCOPCB401 0000



Fre. 30 Coneentiation of PCB and PCB-derived materin) in feees and arine from rats on
wdictary level of 10D ppne Aveclor 12514,

The excretion trend may be due in part to the discontinuous collections; there-
fore, these results reflect only the exeretion pattern at specific times. The residue
lvels observed in Experiment B created some doubt that levels observed alter
the 35-dity dictiry intahe were representative of steacdy state values for Aroclor
1254, Thoes (33) «tates that DT fed to rats at w constant rate is increasingly
stored i their fat untid it reaches o platean, and on a dict containing 200 ppin or
Joas this plateau is reached within 90 to 140 days. Dale et al. (38) found mean
concentrations of DT and DDE in the fat of male rats Ted 200 ppm in the dict
for 90 days to be 5253 and 51 ppm, respectively, while male rats on the siine dict
fur 140 ditys had mean concentrations of 306 and 42 ppny. A manimum concentra-
tion in liver, Kidney, and brain is achieved within a few days for o dictary level
of TO00 ppme (33).

LExrrameNy 1D axn [£

Results of Experiment 12 showed that rats on the same dictary levels storcd

more Araclor in their tissaes after 240 days than at the end of 38 days. The 240-
day group showed no significant differcnee in the quantity of the POB-derived
material found in the wrine but showed significantly more PCB exereted in the
feces. '

Analysis of tissue, plasma, and exercta from Experment £ indicates that
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Aroclor storage, like DDT, ix dircetly related to the daily dosage. However, th
points at which equilibrivum storage is achicved are yet to be determined,

. At dictary levels of 100, 400, and 800 ppim Tor 2 years (37), the mean values of
3 ! DT stored i the Tat of rats at cquilibritan were reported as 93, 1028, and 4200
! ppms. respretively. The concentrations of Aroclor 1234 found in the fat atter 240
RN davs at dictary levels of 300 and 500 ppm were J101 and 10,021, vespeetively i
A . Cenerally, the levels of DT stored in the fat of male aats after 180 days are 1_;:
Tt couivalent to levels after 2 years (37), althongh there is some reduction in DDT A
3 ) storige bevond 2 years, These levels in the fat illustrate the vast differences in 13r:
- storage at the steady states for these two compounds, and the vast differences in K
, : their relative toxicities and/or lipid solubilities. {The brain concentration, rather f.(l"l
R - than fut concentration is a better indication of toxicity) (38).
. DT storage can be veduced i exposure is reduced or discontinued. Lang and
S Fitzhungh (37) Tound retent'on of 50-75% and 25% of DT in the fat, 30 and 90 ! -
3 ' L days after discontinuing diets containing 5 to 30 ppu After 38 days on a dictary ‘ of
. level of 100 ppin Aroctor and a recovery tinie of 71 days, S04 of the concentration
g in the fat comained, Elimination scems to parallel that ot DDT. b
:'|,:_ These data indicated the concentration of Avoclor found at tme of sacvifice to ] W
F be i the following order: fat > liver 2 feees > Kidney > brain > plasnm > et
S wrine, The arder of storage for tissues and plasma secms to paralied lipid content. ‘ :
C Fecal exeretion exceeds nrine exerction with Aroclors as it does with DDT ‘ ey
- “""_ ) other ehlovinated hydrocarbons, mt.
1 ] A
; EvarvaTion or NMeTnon ' e
. (L
3 The cfficiency of the silica gel microcolumn and the extraction techniques eme o Ie
U ) ployed were cvaluated by determining the recovery of Aroclor 1354 from in vitro
SR fortiication. Recovery data Tor all saomples eluted from a sitica gel microcolunm e
' i are presented in Table 3. All in vitro recoveries, whether from Hquid chyomatog. o
SR ' raphy or a combination of cxtraction and liquid chromatography, were at an wt
i ‘ aceeptable level with the exception of wrine, Recoveries of DDT from huna ol
' K ' urine using liguid-tiquid extraction technigques have been reported by Cucto and
b : Biros (28) and Cranmer et al. (29) with recoveries of 72 and 96%, respectively, | he
s In both instances, their extracting solvent or combination of solvents was mure res
S pular than hexane. The recovery in approach No. 1 and possibly 3 wight be ‘ 12
e attributed to the partition coeflicient of hexane in an agueous systenm. In order to i 2
S cvaluate this, reciprocal p-values were determined using the technique of Bow Sl
P man and Beroza (30}, The average of triplicate amalyses gave areciprocal p-vahie t
. of 0.7614, or 76.44 of the Aroclor was partitioned into the hexane Jayver from the
¥ - aepeous system, This value agrees favorably with approach Noo 3 bhat dues it
_f il‘l account for the 17% difference in approach No. 1 Zitko (20) states that he found as
i fractionation tuking place when cmulsions resulting from mixing Aroclor 1234 ol
\ . with water were broken by centrifugation. Gas chromatographic analvsis of 2 ' an
JREe hexane extract of the supermatant showed it to be richer in the fower chlorinated ' T
A hiphenyls than the original preparation. This varicd with hatches ol Aroclor, vit
e When a prak-for-peak comparison was made, whether in citre fortification or i
e T pevalue studies were being considered, recovery was generally Jow for all con- [
SRR DSW 026040
T i
N 3 N
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TABLE I

Bieovery or I Virveo Foertenevmox o Coveron Saaekes wirn Anoctor 1254

. Fortified Pereent.

Prssniee Weight (ppm) Al 1254 recuvery
Plismn 2.0 0.5 O8N 6
Fat 200 1({) LR
Liver ShHu0 G.0 BRI
Muscle 40 40 104 4
Iruin 00 au 100 4
Kidney .aan RN [T
Foces ' i (00 1n Y9 N
Urine (Approgch 1,2,10) 0.1 620
0y 1140
(1] ]

+

* Plasoy, fat, fiver, sl brain, kiduey, feees—menn of 4 determinations, wnd urine N mieau
of duplivnte determinations,

stitwents, and the average recovery was reported. Low recovery from the urine
was probably due o the extracting solvent. The values reported sere not cor-
rected for in citro recoverics,

Although pp"-DIDT and pp-DDE were determined at the 0.01 ppm sensitivity
level in diver from a control rat, the degree to which silica gel removes interfering
moicties from tissue or excreta extracts cannot be determined at this time. Before
and after elation from silica gel there usually was acmarked difference in the ap-
pearance of the extracts depending on the weights of tissue and exereta used.
{Law und Goerlitz (39) report the suceess of pigment removal with silica gel
{rom walter samples.)

Muoscle and plasma were the least aflected by lignid—solid chromatography and
could have been analyzed very casily without this treatment. In fact, for the con-
centrations of Aroclor found, most of the samiples could have heen analyzed
without any cleanup, taking into consideration the problems associated with
colamn and detector contimination.

AMter clation patterns ol Aroclor 1254 were established, 10wl of henzene:
hesane were pol reguired for quantitative elntion of PCB, in fazt, only 4 m) were
reaeuired. This saved time in subseguent analvsis, The elution pattern of Araclor
1234 was unchanged at the fortification levels mentioned in Table T The Aroclor
1254 stundard that was chromatographed  simultancousty with cach bateh of
samples analyzed had a mean recovery of KM% with o SE of £3.1 for 23 samples.

InrerrErexce or DT wirn PCB Axavysis

The presence of PCBs, DDT, and DDT-like moictics in simples presents
a problen hoth gualitatively and quantitatively during analys’s, Initially, samples
of Ever and fat from control rats {or cach sampling period were analyzed for DDT
and its metabolites; samples were taken from the oldest control rat in the study.
These tissues vsaally showed masurable canounts of DDT, DD, and DD The
vidues for fiver and fat, respectively, were as follows: pp-DDT, 0.046 and 1,366
ppm: pp DD, 0036 and 0.546 ppm; pp-DDE, 0.016 and 1.095 ppm.

Since prelimimoy evatuations shiowed Yver and fat storage of PCBs to be a

STLCOPCB4010003
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RS : minimum of 10 to J00 times the above mentioned values, interference was con
R sidered to he nonexistent. However, three possible approaches to separation of
PCB and DOT-like materials withont any choemical degradation of the pesticides
concerned were evaluated. Thindayer chronutography was considered fivst, Using
silica gel Gand essentially the techniques as ontlined by Walkey and Bevoza (31),
both Arvoclor 1254 and Aroclor 1260 in the presence of the chlorinated hydro.
carbons, pp’-DDE, pp-DDT, op-DDE, op’-DIY, dicldriv, and heptachlor
eposide, moved with the solvent front, Using polar and nonpolar mobile phases, |
AR the BE values for PCBs and p,p-DDE woere identical and not resolved, This can
a possibly be used in confirmation and identification of Aroclurs,

The two other approaches ntilized column chromatography. Florisil was used,
as proposed by Reynolds (32). PCBs are cluted Trome the columm with
hesame, while other chlorinated hydrocarbous are cluted with a dicthylether:
hexane mixture, Reynelds evaluated Flovisil with a mixed standard of Aroclor
1254 and a chlorinated hydrocarbon mixture containing lindane, heptachlor,
' : aldrin, heptachlor epoxide, p,p’-DDE, dicldrin, pp-DDD, and pp-DDT. Aldiin,

pp-DDE, and heptachior are cluted in the PCB raction. Although these pes.
ticides were not separated, this approach wight still be aceeptable sinee aldrin
, , ancd heptachlor are seldom found in envirommental samples in their wepoxydated
forms. However, whop an attempt swas made to reproduce the wark of Revaokdh
using PR grade Florisil, a mixture of Aroclor 1234 plus the chlovinated hydho

. carbons, Tindane, heptachlor cpoxide, dicldein, pp-DDD, pp-DDE and pp-
R DT, imeasurable quantities of pp-DDT, pp’-DDD and Endane were found in
Fraction 1, e, 66, 10, and 327 of the total, vespectively, Reynolds does not wen-
- ton the quadity of the Florisil althongh he does mention hiow it wax handled, The

AN probleny, however, seems not to be related to the grade of Florisil, Bevenue and
Ogata (33) have presented data using both gualities of Flovisil and were mable
to reproduee the work of Reynolds. There is some disagreement between the
fractioning pattern of Bevenue and Ogata (33) and the one observed in this
work. This conld probably he due to the quality and treatment of the Florisil,

R These problems suggest that the clution characteristics of Florisil should be
T evaluated before use for separating PCB and DDT.
I Anmonr and Burke (34) used acokum of silicie acid (treated) and Celite 3450
o The columm is chuted first with petroleum cther for PCBs and then with a nixed
solvent system of dicoromcthane=acctonitrile=hexane (80:1:19) for the chio. |
rinated hydrocarbons, This system was evaluated using standaeds at levels below ’
those that would be expected in enviromnental samples, e, 0.5 ppm Aroclor 1234
and Arodor 1260 and 0.1 ppi y- and B-isomer of BHC, heptachlor epoxide, l
. -DDE, pp’-DDIE, dicldriv, p,p-EDD, and pp-DDT. Separation has been a
problem with the po’-DDLE Fraction 1 eontained 206 pp’-DDI1S with the remain.
et ing B0 in Fraction 2. Although some recoveries were Jess than 85%, all othe
pest'cides evaluated were only found in Fraction 20 According to Armour amd

o - —

t—

o ]
‘\ B Brvke (34) the chiion pattern can be altered by the water content of the silicic
% ' acid, The first pesticide to he allected in the group of compounds that were naed i
i S to show the changes was pp-DDE. i
) dur e - .
: ot Fhe Fact that there was not a complete peak for peak mateh between stoved ad
o [
. DSW 026042 '
|
{
“ )
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194 CURLEY 1T AL
! excreted PCB and the dictary standard is not new (Fig -0, Whether this is | b
, evidener of metabolism iy vet to be determined, These dilorences ware sieeess- !
; - / , fully demonsteated by electron capture gas=liguid chromatography and gas chiro. 2
- ‘] matography-mass spectrometry in that there were changes in the velative abun. 7.
dances of some of the conponents of Areclor 1254 in fat and the wine sanples., H.

This has not yet been demonstrated in any other tissue, 9.

The mass spectra showed molecular jous at /e 288, 323, 338, and 392 con- *
A taining CL,, GL. CL, and Cl isotopic clusters in the fat and 234, 288, 324 and 358 | ][(,)
in the urine. Two additional ions which were observed in the wrine only, were ' )2,
. . : m/fe 3040 and 405, These fons contained the Cly isatopic cluster 13
* The presence of wnaltered Aroclor in the {eces may be indicative of Tack of !
absorpton; this was the only sample that showed no wlteration when compared | l[_l’
to standard Aroclor 1254, '
The nentral nrinary exeretion pattern was quite the contrary ta feces, This may '
in part be due to a solability phenomena which Zitka (20) encountered when \ 1
working with PCB and witer, The situation of Zitko with either wrine or alcohol- -
: water imixtares under in citro conditions was nat repraduced. Under i vivo con- | l;'
T . ditions, there may be selective solvation of certain constituents of  Aroclor. ! lm
: Selected samples of wrine were analyzed by gas chromatography using the clee-
trolutic conductivity detector in the reductive maode, The presence of chiloride jon | 20
) was further substantiated, The retention times of these componeuts compared ?-’:
. favorably with peaks in the Aroclor standard. 3
CONCLUSIONS 2!
It is hoped that these data will clucidate some of the problems inherent in 3‘;
studving the polychlorinated biphenyls: and that sime correlations can be found 27
X hetweea the residue Tevels reported and the 113, determinations inchuling the
. pathological findings to be reported in a Iater poblicat'on by Kimbroagh et al. o
g (10). There are some basic generalizations that can be drawn frone the data o
’ prosented:
;o (D) Following dosage with Aroclor 1254 or 1260, whether acute or cwonie, ‘ 43l
S residue amonnts can be detected inall boddy tissues, flaids, and excrement. t
(2) At the same dosage level rats store more PCBs than DDT., 3

(3) No significant d ferenee is apparent in the storage of PCBs by male o
female vals when fed the smne dictary Tevels,

: : (4) Polvchlovinated biphenyls are stored primarily in adipose tissue.

. (3) Snce there was no recurrence of the general Aroclor pattern in the gas
chromatograms or total fon current traces of the mass spectrometer between
the Aroclor standards an:l components observed in the fat and urine, pos-

o sible metibaolism or differential

rption is suggested.

e e —
3 S
™ -
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