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RYCEAY AT Au analytical method for determination of PCB (Aroclor 1254) in blund. urine,
S feces, and tissugs of Sherman strain rats after prolonged dictary intake (100, 500,

iated from

i and 1000 ppm) is presented. The methnd involves homogenization and extraction with
gt of man-

- hesane, deanup on & silica gel microcolumn and analysis by electron-capture gas-
liquid chromatogvaphy. Recovery data are shown at 0.1, 5, 14, aud 100 ppur. Mass
speclrosenpic characteristios of PCB in tissues are given, Distribution, storage, and

- excretion rates during feeding and after discontinuance of PCB in the dicl wre

trodes was  presented.

h occur in

detessuina- Polycldorinated biphenyls (PCBs) were fist deseribed in 1881, by Schmidt
method s X and Shuliz (1). Conmercial production was begun in 1930 (2). These componnds

have been and still are widely used as plasticizers and resins and in chlorinated
rubber {3, 4). They are known to cuhance the insecticidal propertics of lindane
‘ (5), DDT, und dieldrin (6). They may be used as stationary phases iv gas-liguid

rchwag, Chiel chromatography (7).
ement. Their widespread vse may have resulted in contamination of th( ceo-system as
suggested by many recent reports. Aroclor’ and DDT were both used during
World War T1. In 1948, tetal urganie chlorine analysis provided data for the first
detenination of DDT stovage in man (8). Since this method has no specificity
for DDT, the total organic chlorine content would not preclude the presence of
other organic chlorine-containing moictics. In terms of halide specificity, the
- Dolirmann microcoulometrie gas chromatographic methed for detecting pesticides
was well established by 1960 (9), and electron-capture was in use by 1961 (10),
Roburn (11} first observed extrancous peaks in 1963; he wsed a potentiometric
mode of analysis for total chlorine and found disagreement between this mcthod
and total chlorine content caleulated from gas chwomatographic results in which
Argon ionization and clectron-capture were used for the analysis of tissues and

*The Monsaute Company manufactures PCBs chiefly in the United States under the trale
name of Aroclor. They are manufactured in Franee by Prodelee, and in CGermany by Bayer,
with trade naines, Phennchlor and Colphen, respectively.

These compounds are designated by mnobiers The first tive digits represent the malecular
type: 12, chlorinated biphenyls: 25 and 44, bleeds of chlorinated biphenyls and chlorinated
teephonyls (75% biphemy ! and 607 bipheny!, respectively }; 54, chlorinated terphenyls. The last
two digits give the weight pereent of chloine. Thus, Avodlor 1254 and 1260, with which this
paper is concerned, are chlorinated bhiphenyls conlaining 5§ snd 60% chloriue, respectively.
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482 CURLEY ET AL, ° I
cggs of wild birds. The samples showed significant amounts of unknown elec
tron-capturing compounds. Roburn postulated that these were metabolic inter-
mediates of one or more of the organochlorine pesticides, The differences could
also have been indicative of PCB contamination, It was not until 1966 that S. Jen-
sen (12) using elcetron-capture and mass speetrometry was able to identify as
PCBs unknown peaks found in the analysis of fish and a bird carcass. Un-
doubtedly, the time Ing between initiation use and detection of PCB in the cu-
vironment is a matter of aceumulative concentration and/or instrumentation
development.

The presence of PCBs in environmental samples has been well established
(13, 14). Acute and subacute feeding studies to determine toxicities and some
residue levels have been done with rats, birds, and guinca pigs (15-18, 22). Tol-
erance studies bave been done with fish and other forms of marine life (19, 21,
22). Pathalogical changes in the liver and other organs have been shown in

© guinea pigs, rats, and rabbits at high concentrations (22). Hydropericardium and
growth depression proportional to dictary levels of the toxicaut have been pro-
duced in the chicken (23). Polychlorinated biphenyls are known to affect estrogen
Jevels in birds which in turn reduecs ealcium reserves and results in thin eggshells.
Chemical porphyria from oral administration has also been shown in chicks (18).

This paper presents distiibution, storage, and excrction rates of Aroclor in cer-
tain tissucs, body fluids, and excreta of rats following (1) a single orai dose, (2)
repeated dictary intake, and (3) after discontinuance of PCB in the dict.

METHODS

Aroclor 1251 and 1260 were supplied by the Monsauto Chemical Company with

respective lot nuwnbas, AK-38 and AK-3. Dietary formulations were prepared
eccording to the methods described by Gaines and Kimbrough (24).

ExrrnrinvexT A

Aroclor 1254 and Arvoclor 1260 were administered at 1600 mg/kg and 3200
mg/kg, respectively, as a single oral dose, by stomach tube to three female, 173-
to 183-day-old, white Sherman rats weighing 260-338 g. Four control rats, two
in each group, ware given peanut oil only. Twenty-four hours later the animals
were killed, and blood (oxalated), fat, muscle (abdominal), liver, kidney, Jung,
and brain were taken for analysis,

- ExverivexT B

Aroclor 1234 at 1000 ppm was fed for 95 days to 29- to 34-day-old Sherman
strain male and female weanling rats, in groups of 10. Controls were fod only
plain chow. Food consumption was measured at intérvals as desevibed previously
by Kimbrough and Gaines (4). Al rats were weighed on a weckly basis from
experiment fnitiation until time of sacrifice o death. The rats consumed an aver-
age of 727 mg/kg/ Arvoctor/day. Blood (oxalated), fat, muscle (abdeminal), liver,
kidney. Jung, and brain were taken from cach rat at time of sacrifice. Tissues were
preserved in 105 formalin and held for analys’s.
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ExreriMeENT C

Sherman strain male weanling rats (61- to 66.-days-old) were fed a diet of plain
chow or chow fortified with Aroclor 1251 at a councentration of 100 ppm for 58
days. Fortificd chow was discontinued, and samples were collected during the
recovery period, Food consumption was measured at 2-day intervals for a period

reass. Un- of 8 days; after 42 days food consumption was measured daily for 4 days. Sur-
in the o viving rats were weighed once a week. At various times during the experiment
wmentation rats were ind.vidually housed in metabolism cages. Urine and feees were collected

abished over a 16-hour period during which time plain chow was fed. Following exereta
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collections, rats were sacrificed. Blood (oxalated ), fat, muscle (abdominal), liver,
kidney, and brain were taken from cach rat’at time of sacrifice. Tissucs, urine, and
feces were frozen at time of collection. Whole blood was centrifuged and the
plasma refrigerated. The outline of the experiment as aforementioned is sum-
marized as follows: These animals (two on the dict and one control) were sacri-
ficed on Day 4, 9, 13, 17, 25, 34, 42, and 58. After discontinuance of PCB in the
dict, two animals were sacrificed on Day 8, 16, 24, and 71.

Exreniaents D anp E

Sherman stiain male weanlings (36- to 41-days-old) were fed Aroclor 1254 at
dictary levels of 100 ppm or 500 ppm for 252 days. Body weights were determined
initially and weckly thereafter for 121 days. On the tasis of food consumption
measurcments, the average rates for intake.of Aroclor 1254 were 6.8 mg/kg/day

‘and 36.4 mg/hg/day for 100-ppm and 500-ppm dietary Jevels, respectively. Sam-

ples were collected in the same manner as Experiment C.,

SAMPLE PREVARATION

Polychlorivated biphenyls like DDT, are not water soluble but are, in fact,
highly lipid soluble. Solvents for tissucs and plasma extractions were selected for

“this property.

Plasma (at lcast 2 ml) was extracted by the method of Dalc et al. (25). Later
in the study, the Bryant-Thompson modification of this method was used (26).

No significant difference has been found between these methods in this laboratory

with the exception that convenienee favors the Bryant-Thompson modification.

Samples of fat (250 mg), liver, muscle, kidney, and hungs (500 mg cach) were
homogenized two times in 4 m] of hexane, and the extracts were combined.

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

Urine (mean volume of 10 ml) at pII < 7 (using pHydrion p'\pcr) was diluted
to & volume of 25 m! by the addition of water and 1 ml isopropanol. These sam-
ples were extracted in 125-ml separatory funnels three times with 10 ml hexane.
The hexane extracts were combined, washed once with 3 ml of water, and dricd
with 1.5 g of anhydrous sodium sulfate.

Feces were desiceated over ealcium chloride for 1 week. One grany was then
pulverized in a mortar and pestle and extracted for 1 hour with 25 ml of acclone

“on an gutomatic shaker. The acctone extract was decanted and placed in a 50.m!
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484 CURLEY ET AL.

centrifuge tube. Particulate matter in the extract was removed by centrifuging
and/or decanting. The extracts were evaporated with a stream of dry nitrogen to
a volumc of 0.5 ml in a water bath (40°). The acetonc cxtracts were evaporated
just to dryncss and made to a volume of 0.5 ml in hexanc. The samples were dricd
with anhydrous sodium sulfate and held for cleanup and analysis by electron
capture gas-liquid chromatography.

Prevanration or SiLica GeL anp Micno-Cotunn

Silica gel (27) from Woclm (Activity grade 1) was aclivated at 130° for 4
hours and desiccated over ealcium chloride for 16 howrs belore deactivation at
3% (v/w) by the addition of water. The silica gel was allowed to equilibrate at
least 2 hours Lefore use. After comparing the weight of the silica gel before and
after activation, it was found to be activity grade I as specificd by the manu-
facturer and fyrther activation was unnecessary; however, each new batch was
routincly aclivated.

Onc gram of the deactivated silica gel was placed in a disposable pipet, which
had been loosely plugged with silanized glass wool, and gently scated. Columns
were prewashed with 10 ml of hexane. Each sample was placed on the eolumn
in a volume of 0.5 ml. At Icast 1 ml of hexane was used to quantitatively transfer
the sample to the head of the column. The column was cluted with 10 ml of a
1:1 benzenc:hexane mixture (27). Samples were chromatograpied in scts of
cight with duplicate column blanks. Arvoclor 1251 standards were eluted simul-
tancously in order to ascertain the variance in silica gel activity and to detect any
possiblc contamination from solvents, glassware, or silica gel.

Gas CHROAATOCRAPITY

Samples from experiments, A, C, D, and E as treated above were analyzed by
electron-capture gas-liquid chromatography under one of the following condi-
tions using a MicroTek MT-220 gas chromatograph: pulse Mode (using dual
columns and dual detectors); oell voltage, 36.5 volts; pulse width, 5.5 psee; pulse
rate, 120 psec; detector, 3H, parallel plate design, No. 1 203°, No. 2 195°; column,
6’ X & od. Ushaped pyvrex glass packed with 57 OV 210 on 897100 mesh
Chromosorly W, high parformance, 170%; inlet 238°; carricr gas, argon-methane
(95-5%), 50 psi: flow-through Detector No. 1, 80 ce/minute: Detector No. 2, 60
ce/minute. The DC mode was as follows: cell voltage, 15 volts; detector, 31, par-
alle! plate design, 210°; Column, 6" X ¥” o.d. U-shaped pyrex glass packed with
1.5% OV-17/1.95% QF-1 on 100/200 mesh Chromosorb WV, HIP, 200°; inlet, 2307,
carrier gas, nitrogen, 40 psi; flow-thiough detector, 75 ecf minute,

Samples from Yxperiment B were injected directly as hexane extracts and
analyzed by clectron-capture gas~liquid chromatography under the following
conditions using o MictoTek MT 220 gas chromatograph: ecll voliage, 40 volts
DC; detector, “Ni, 250%; column, 6 X %" o.d. U-shaped glass eolumn packed
with 1.57 OV-17/1.95% QF-1 on 100/200 mesh Chromosorb YW, 1P 200°C; inlet,
210%; canicr gas, nitrogen, 40 psi; flow-through detector, 80 cef/ minute, 20 cc/min-
ute scavenger plus 60 cofminute carrier gas flow.
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;
. Recoveny Stuvies
“'.“”fugmg Recovery studics were completed using the following methods for control tis-
:‘\":{:ﬁ:;;:g sucs, plasma, and 45-hour urine and feces collections. The fortification level for

cach type of sample was the mean concentration, with the exception of fat, of
Aroclor 1254 found for that sample in Experiment C. Fat samples were fortified
with 100 ppm. _ _

Tissues (fat, liver, kidney, brain, and muscle): Aroclor was added dircetly to
the hexane extract prior to liquid chromatography.,

Plasma: Aroclor was added directly to fresh plasma, thoroughly mixed using
a mini-mixcr, and allowed to equilibrate overnight under refrigeration. Samples
were then treated as mentioned in methods.

Feces: Aroclor was added directly to pulverized dry feces and treated as men-
tioncd in methods.

Urine (threc slightly different approaches were vsed)
No. 1—Aroclor was added to 1 ml of isopropano), then mixed with a solution of
urinc end water (10 ml + 15 ml) and analyzed as mentioned above; No. 2—
Aroclor was added to a hexane extract of 10 ml of urine which had been prepared
as mentioned above; No. 3—Uriné (5 ml) was added to a known quantity of
Aroclor in a 15-m! centrifuge tube, mixed on & minimixer, and allowed to equili-
brate at room temperature for 16 hours. Urine was extracted three times with
3 ml of hexang; the hexane extracts were combined and evaporated to 0.5 mi.

RESULTS AND DISCUSSION

Rout ucly, this laboratory opcerates dual channel solid state clectrometers at a
sensitivity of 4 X 10 ' amps full scale which permits the detection of 10 to 30
picograms of the more common chlorinated hydrocarbons. There was a significant
diflerence between the response characteristies of the Aroclors as compared to
the chlorinated hydrocarbons. To achicve a representative gas chromatographic
tracc, at least 350 and 490 pg of Aroclor 1254 and Aroclor 1260 were required. A
gas chromatogram illustrating the difference between the clectron-capture re-
sponsc characleristics of these compounds as compared to chlorinated hydracar-
bons is shown in Fig. 1.

Exrenintent A

Data resulting from clectron-capture analysis of plusma and tissues in Experi-
ment A are presented in Table 1 Quantitation is an approximation. In all cases,
the peak heights (in mm) of all PCB components were summed for the respece-
tive standard at a given picogram quantity injected. A response factor was deter-
mined for cach standard in pg/mm. For cach sample, a summation was made of
the total response (in mm), and the product of this times the response factor eal-
culated to give picograms of PCB or PCB-derived material in the sample, When
the gas chiomatograms for the samples were compared with those of the Aroclor
standard, there were no recuniences of the general Aroclor pattern. Some peaks
had completely disappeared. This was also true for cach of the succeeding studics.

Although the dosage level of Aroclor 1260 was twice that of Aroclor 1254, the
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Fic. 1. Gas chromatograms for Aroclor 1254 and chlorinated hydrocarbon standards. (A
plot of detector response vs tine. ) .

- TABLE 1 )
Disrrasurion oF AROCLORS 24-BOURS AFTER Onat InGusTioN By Stomacu Tusr

Aroclor 1254 Aroclor 1260
(dosage Jevel—1600 mg/kg) (dosnge level —3200 mg/kg)

«
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v

e mcan storage levels after 24 hours were essentially the same. Considerable vari-
ation in the storage levels was found in each group. Differing absorption rates
from the gut might account for the variation in levels found; variation was highest
a in the fat and lowest in the plasma. According to Hayes (35), acute dosages,
. such as the one given here, do not result in storage, but rather in a flooding of

« treans v the organism. :

ExreriveENT B

Only surviving rats were analyzed in Experiment B. Five of the ten male rats
died-—onc on the last day (day 98), and one each on days 85 and 56 and two on
day 50. Eight of the ten female rats died—oune cach on days 89, 80, 47, 41, and
35, and three on day 55. Tucker and Crabtree (15) fed male atbino rats 1000 ppm

- Aroclor 1251 and reported Iethal eficets to none of 6 by 14 days, 1 of 5 by 2§ days,
: 3 of 4 by 43 days and 4 of 4 by 33 days including a 21% reduction in food con-
1 sumption. All survivors in Experiment B appeared to be normal; however no in-
erease in weight was observed in surviving males after 84 days of dictary intake
and after 77 days for surviving females. Food cousumption for dosed males and
females was 66 and 647, respectively, of consumption by controls.
=T Dala from cleetron-capture analysis of tissues and plasma are presented in
' Table 1. The variation in the concentrations of PCB in this experiment, as in Ex-
periment A, is least in the serum and brain and highest in the muscle and fat.
A significant diffcrence between males and females was not found for storage of

tandards, (A

® )
I TABLE Il
1 Tubk Distrinurion or PCB-Drnuven Maremiat, Forrowixe 98-Day Exeosunk 1o A
T T DikTany Levei or 1000 PPM Aracton 1254
£) Males : Fenales
e T - (ppm) (ppm) Males vs Females
Plasma
Mean 17 18 ' p > 050
Fat
L Mean 11278 8431 p > 0.50
¢ SF. + 5742 579
Muscle
Mean 155 753 p > 0.20
St 117 . 21
Lung .
Mean 78 : 52 . p>0.50
SE + 23 20
Brain
Mean 1L v4 " op>0.50
3 BE + N 21
: Kidney 56 5 p > 0.50
- Sk + @ 24
) Liver .
Menn 155 210 p>020
Sk .1 30 13 . ’
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488 CURLEY ET AL.

Aroclor 1231, Hayes (35) and Dale et al. (36) report that storage of DDT in
female rats 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 females.

The absence of certain peaks in the Aroclor standard when compared to PCB-
derived material in the samples became more dramatic in this experiment as
comparcd to Experiment A, Generally, the pereentage of matching Aroclor peaks
found in cach tissuec was as follows: plasma 81%, fat 745, brain 66%, liver 64%,
lung 637, muscle 622, and kidney 58%. These diflerences could be attributed to:
(1) selectivity in storage for ecach tissue; (2) cnzyme activity resulting in some
form of mctabolism; (3) cxcretion favoring some isomeric forms as opposed to
others.

ExrerineNT C

The data from the analysis of tissue, plasma, and excrement obtained according
to the schedule outlined in Experiment C are shown in Figs. 2 and 3. There is a
steady buildup of Aroclor in all tissucs, while the excretion trend is quite crratic.
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Fic. 2. Distribution of PCB-derived material in tissues and plasma from rats on a dictary
level of 109 ppm Aroclor 1234,
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; Fic. 3. Concentiation of PCB and PCB-derived material in feces and urine from rats on
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' a dictary level of 100 ppm Aroclor 1254,

‘ The exoretion trend may be duc in part to the discontinuous collections; theve-
g fore, these results reflect only the exeretion pattern at specific times. The residue
levels observed in Experiment B created some doubt that levels obseived after
the 58-day dictary intake were representative of steady state values for Aroclor
1254, Hayes (33) states that DDT fed to rats at a constant rate is increasingly
' . .stored in their fat until it reaches a plateau, and on a dict containing 200 ppm or
less this plateau is reached within 80 to 140 days. Dale et al. (36) found mean
concentrations of DDT and DDE in the fat of male rats fed 200 ppm in the dict
for 90 davs to be 523 and 51 ppm, respectively, white male rats on the same dict
for 140 days had mean concentrations of 506 and 42 ppm. A maximum concentra-
tion in liver, kidney, and brain is achieved within a few days for a dictary level

1o of 1000 ppin (35).
:.' . ! Exrenniest D axn 1

Results of Experiment 1) showed that rats on the same dictary levels storcd
Fio more Aroclor in their tissucs after 240 days than at the end of 58 days. The 240.
‘ day group showed no significant difference in the quantity of the PCB-derived
matcrial found in the urine bul showed significantly more PCB excreted in the
feces. '

Analysis of tissue, plasma, and oxcreta from Experment E indicates that

on a dictary
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Aroclor storage, like DDT, is dircctly related to the daily dosage. However, the
points at which equilibrium storage is achieved are yet to be determined.

At dictary levels of 100, 400, and 800 ppm for 2 years (37), the mean values of
DDT stored in the fat of rats at equilibrium were reported as 95, 1028, and 4200
ppm, respectively. The concentrations of Aroclor 1254 found in the fat alter 240
days at dictary lcvels of 100 and 500 ppm were 1101 and 10,021, respectively.
Gencerally, the levels of DDT stored in the fat of male rats after 180 days are
equivalent to levels after 2 years (37), although there is some reduction in DDT
storage beyond 2 years. These levels in the fat illustrate the vast differences in
storage at the steady states for these two compounds, and the vast diffevences in
their relative toxicities and/or lipid solubilities. (The brain concentration, rather
than fat concentration is a better indication of toxicity ) (38).

DDT storage can be reduced if expasure is reduced or discontinued. Lang and
Fitzhugh (37) found retention of 50-757 and 25% of DDT in the fat, 30 and 90

~ days after discontinuing dicts containing 5 to 50 ppm. After 58 days on a dictary

level of 100 ppm Aroclor and a recovery time of 71 days, 807 of the concentration
in the fat remained. Elimination scems to parallel that of DDT.

These data indieated the concentration of Aroclor found at time of sacrifice to
be in the following order: fat > liver > feeces > kidney > brain > plasma >
urine. The order of storage lor tissucs and plasma seems to parallel lipid content.
Fecal excretion exceeds urine excretion with Aroclors as it does with DDT and
other cllarinated hydrocarbons.

Evaruarion or Mernon

The efliciency of the silica gel microcolumn and the extraction technigues em-
ployed were evaluated by determining the recovery of Aroclor 1254 from in vitro
fortification. Recovery data for all samples eluted from a silica gel microcolumn
are presented in Table 3. All in vitro recoveries, whether from liguid chromatog-
raphy or a combination of extraction and liquid chromatography, were at an
acceptable level with the exception of wrine. Recoveries of DDT from human
urine using liquid-liquid extraction technigues have been reported by Cucto and
Biros {28) and Cranmecr et al. (29) with rccoveries of 72 and 96%, respectively.
In both instances, their extracting solvent or combination of solvents was more
polar than hexane, The recovery in approach No. 1 and possibly 3 might be
attributed to the partition cocflicient of hexane in an agueous system. In order to
cvaluate this, reciprocal p-values were determined using the teclmique of Bow-
man and Beroza (30). The average of triplicate analyses gave a reciprocal p-valne
of 0.761, or 7647 of the Aroclor was partitioned into the hexane layer from the
aqucous system. This value agrees favorably with approach No. 3 but daes not
account for the 174 difference in approach No. 1. Zitko (20) states that he found
fractionation taking place when emulsions resulting from mixing Aroclor 12314
with water were broken by centrifugation. Gas chromatographic analysis of a
hexane extract of the supernatant showed it to be richer in the Tower chlorinated
biphenyls than the original preparation. This varied with batches of Aroclor,

When a poak-for-peak comparison was made, whether in vitro fortification or

pevalue studies were being considered, recovery was generally low for all con-
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TABLE 111
Recovery oF IN Virro FortivicaTioN oF ConTroL SampLes witn AROCLOR 1254

. . Fortihed Percent
Tisue Weight (ppm) AR 1254 recovery®
Plasma 2.0 0.5 08.6
Fat .250 100 82.2
Liver .500 8.0 94.8
Muscle .500 £.0 103.1
RBrain .500 3.0 100.4
Kidney .500 2.0 100.6
Feces 1.000 14.0 90.8
Usine (Approach 1,2,3) 0.1 82.0
0.1 114.0
0.1 77.0

e Plasina, fat, liver, muscle, brain, kidney, feces-—mean of 4 determinations, and urite X mean
of duplicate deteyminations.

stituents, and the average recovery was reported. Low recovery from the urine
was probably duc to the extracting solvcnl The values reported were not cor-
rected for in vitro recoverics.

Although pp"-DDT and p,p-DDE were determined at the 0.01 ppn sensitivity
level in liver from a control rat, the degree to which silica gel removes interfering
moictics from tissne or excreta extracts cannot be determined at this time. Before
and after elution from silica gel there usually was a marked difference in the ap-

“pearance of the extracts depending on the weights of tissue and excreta used.

(Law and Goerlitz (39) report the success of pigment removal with silica gel
from avater smnples.)

Muscle and plasma were the least aflected by liguid-solid chlomnlogmphy and
could have been analyzed very easily without this treatment. In fact, for the con-
centrations of Aroclor found, most of the samples could have been analyzed

~ without any cleanup, taking into consideration the pxoblcmc associated with

colmmn and detector contamination.

After clution patterns of Aroclor 1254 were established, 10 m] of benzene:
hexane were not required for quantitative elution of PCB, in fact, only 4 nil were
required. This saved time in subsequent analysis. The clution patiesn of Aroclor
1254 was unchanged at the {ortification levels mentioned in Table 1. The Aroclor
1254 standard that was chromatographed simultancously with cach bateh of
‘samples analyzcd had a mean recovery of 101% with a SE of £3.1 for 23 samples.

Intewrerexce or DDT witi PCB AxaLysis

The presence of PCBs, DDT, and DDT-like moicties in samples presents
a problem both qualitatively and quantitatively during analys’s, Initially, samples
of liver and fat from control rats for each sampling period were analyzed for DDY
and its metabolites; samples were taken from the oldest control rat in the study.
These tissues usually showed measurable amounts of DDT, DDD, and DD, The
values for liver and fat, respectively, were as follows: ,p-DDT, 0.045 and 1.366
ppm; pp’-DDD, 0.036 and 0.316 ppm; p,p’-DDL, 0.016 and 1.09S ppm.

Since preliminary evaluations showed liver and fat storage of PCBs to be a
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minimum of 10 to 100 times the above mentioned values, interference was con-
sidered to be noncxistent. However, three possible approaches to separation of
PCB and DDT-like materials without any chemical degradation of the pesticides
concemed were evaluated. Thin-layer chromatography was considered first. Using
silica gel G and essentially the techniques as outlined by Walker and Beroza (31),
both Aroclor 1254 and Aroclor 1260 in the presence of the chlorinated hydro-
carbons, p,p-DDE, pp-DDT, o,p-DDE, 0,p"-DDT, dieldrin, and heptachlor
epoxide, moved with the solvent Hont. Using polar and nonpolar mobile phascs,
the Rf values for PCBs and p,p”-DDE were identical and not resolved. Tlns can
possibly be used in confirmation and identification of Aroclors.

The two other approaches utilized column chromatography. Florisil was uscd,
as proposcd by Reynolds (32). PCBs are eluted from the column with
bexane, while other chlorinated hydrocarbons are eluted with a diethylether:

- hexane mixture. Reynolds evaluated Florisil with 2 mixed standard of Aroclor
1254 and a chlorinated hydvocarbon mixture containing lindane, heptachlor,
aldrin, heptachlor gpoxide, p,p’-DDE, dicldrin, p,p-DDD, and p,p’-DDT. Aldrin,

" pp-DDE, and heptachlor are eluted in the PCB fraction. Although these pes-
ticides were not scparated, this approach might still be acceptable since aldrin
and heptachlor are scldom found in environmental samiples in their uncpoxydated
forms. However, when an attempt was made to reproduce the work of Reynolds
using PR grade Florisil, a mixture of Aroclor 1254 plus the chlorinated hydro-
carbons, lindane, heptachlor epoxide, dicldrin, p.p-DDD, pp-DDE and pp'-
DT, measurable quantities of p,p’-DDT, p,p'-DDI) and Endane were found in
Fraction 1, i.e., 66, 10, and 327 of the total, respectively. Reynolds doces not men-
tion the quality of the Florisil although he does mention how it was handled. The
problem, however, seems not to be related to the grade of Florisil, Bevenue and

: , Ogata (33) have presented data using both qualitics of Floxisil and were unable

‘ to reproduce 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 could probably be duc to the quality and treatment of the Florisil.

These problems suggest that the elution characteristics of Florisil should be
cvaluated before use for separating PCB and DDT.

Armour and Burke (34) used a column of silicic acid (ticated) and Celite 5.15.

The column is eluted first with petroleum ether for PCBs and then with a mixcd

solvent system of dichloromethanc-acctonitrile-hexane (80:1:19) for the chlo

rinated hydrocarbons, This system was evaluated using standards at levels below

those that would be expected in environmental samples, i.e., 0.5 ppm Aroclor 1254

. and Aroclor 1260 and 0.1 ppm y- and B-isomer of BIIC, heptachlor epoxide,

o,p"-DDE, p.p-DDL, dicldrin, p,p-CDD, and p,p-DDT. Scparation has Leen a

problem with the p,p-DDI; Fraction 1 contained 205 p,p”-DDE with the remain-

ing 80 in Fraction 2. Although somc recoveries were less than 85%, all other

La e ——— e e

J pestcides evaluated were only found in Fraction 2. According to Armour and
} Burke (34) the clution pattern can be altered by the water content of the silicic
acid. The first pesticide to be alfected in the group of cumpounds that were used

to show the changes was p,p’-DDL.
The fact that there was not a complete peak for peak mateh between stored and
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excrcted PCB and the dictary standard is not new (Fig. 4). Whether this is
evidence of metabolism is yet to be determined. These differences were suecess-
fully demonstrated by electron capture gas-liquid chromatography and gas chro-
matography~mass spcctrometry in that there were changes in the relative abun-
dances of some of the components of Aroclor 1254 in fat and the urine samples.
This has not yet been demonstrated in any other tissue.

The mass spectra showed molecular jous at mfe 288, 323, 358, and 392 con-
taining Cl,, C),, Cl;, and Cl isotopic clusters in the fat and 234, 288, 324, and 358
in the urine. Two additional fons which werc obscrved in the urine only, were
m/a 30 and 405. These ions contained the Cl, isotopic cluster

The presence of unaltered Aroclor in the feees may be indicative of lack of
absoipt’on; this was the only sample that showed no alteration when compared
fo standard Aroclor 1254.

The neutral urinary excretion pattein was quite the contrary to feces. This may
in part be duc to a solubility plicnomena which Zitko (20) encountered when
working with PCB and watcr. The situation of Zitko with cither urine or alcohol-
water mixtures under in vitro conditions was not reproduced. Under in vivo con-
ditions, there may be selective solvation of certain constituents of Aroclor.
Sclected samples of wrine were analyzed by gas chromatography using the clee-
trolytiz conductivity detector in the reductive mode. The presence of chloide ion
was further substantiated. The retention times of these corponents compared
favorably with peaks in the Aroclor standard.

CONCILUSIONS

It is hoped that these data will clucidate some of the problems inherent in
studying thée polychlorinated biphenyls: and that some correlations can be found
between the residue levels reported and the LD, determinations including the
pathological findings to be reported in a later publication by Kimbrough et al.
(40). There are some basic generalizations that can be drawn from the data
presented: - .

(1) Following dosage with Aroclor 1234 or 19260, whether acute or chronic,

residuc amounts can be detected in all body tissues, fluids, and exerement.

(2) “At the same dosage level rats store more PCBs than DDT.

(3) No significant dfTerence is apparent in the storage of PCBs by male or
female rats when fed the same dietary levels.

(4) Polychlorinated biphenyls are stored primarily in adiposc tissuc.

(5) Since there was no recurrence of the general Aroclor pattern in the gas
chromatogramis or total ion current traces of the mass spectromcter between
the Aroclor standards and components obscrved in the fat and wrine, pos-
sible metabiolism or differential absorption is suggested.
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