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y,;E/Am . An analytical method for determination of PCB (Aroclor 1254) in blood, urine,
red from feces, and tissues of Shernmn strain rats after prolonged dietary intake (100, 500
' and 1000 ppm) is presented. The method involves homogenization and extraction with
of man- S hexane, cleanup oa a silica gel microcolumn and analysis by electron-capture gus-
liquid chromatography. Recovery date are shown at 0.1, S, 14, and 100 ppm. Mass
spectroscopic characteristics of PCB in tissucs are given. Distribution, storage, and
- excretion rates during feedlng and after discontinuance of PCB in the diet arc
wes was : presented.
pecur in :
termina- Polychlorinated biphenyls (PCBs) -were first described in 1881, by Schmnidt
cthod is . and Shultz (1). Commercial production was begun in 1930 (2). These compounds
have been and still are widely used as plasticizers and resins and in chlorinated
. rubber (3, 4). They are known to cnhance the insecticidal properties of lindanc
(5), DDT, and dieldrin (6). They may be used as stationary phmcs in gas-liguid
vaj, Chief chromatography (7).
ient. Their widespread use may have resulted in contamination of the cco-svstem as

suggested by many recent reports. ‘Aroclor' and DDT were both used during
World War IL. In 1848, total organic chlorine analysis provided data for the fust
"determination of DDT storage in man (8). Since this mcthod has no specificity
for DDT, thc total organic chlorine content would not prechide the presence of
other organic chlorine-containing moietics. In terms of halide specificity, the
. Dohrmann microcoulometric gas chromatographic method for detecting pesticides
was well establishied by 1960 (9), and clectron-capture was in use by 1961 (10).
Roburn (11) first obscrved extrancous peaks in 19635; he used a potentiometric
modc of analysis for total chlorinc and found disagreement between this method
and total chlorine content calculated from gas chromatographic results in which
Argon ionization and electron-capture were used for the analysis of tissucs and

' The Monsanto Company manufactures PCBs chicfly in the United States under the trade
name of Aroclor. They are nlanufictured in Frauce by Prodelee, and in Gennany by Bayer,
witli trude nawmcs, Phenochlor and Colphen, respectively.

Thexe compounds are designated Ly nnnbers. The Frst two digits represent the molecular
type: 12, chlorinated biphenyls; 25 and 41, blends of chlurinated biplenyls and chlorinated
terphenyls (759 bipheny! and 60% hiphenyl, respectively); 54, chlorinated terphenyls. The last
two digits give the weight percent of chlorine. Thus, Aroclor 1234 and 1260, with which this
paper is concerned, are chlorinated biphenyls contzining 54 aud 60< chlorine, respectively.
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eggs of wild birds. The samples showed significant amounts of unknown elec-
tron-capturing compounds. Robumn postulated that these were metabolic inter-
mediates of one or moge of the organochlorine pesticides. The differences could
also have been indicative of PCB contamination. It was not until 1966 that 8. Jen-
sen (12) using electron-capture and mass spectrometry was able to identify as
PCBs unknown peaks found in the analysis of fish and a bird carcass. Un-
doubtedly, the time lag between initiation use and detection of PCB in the en-
vironment is a matter of accumulative concentration and/or instrumentation
-development.

The presence of PCBs in environmental samples has been well established
(13, 14). Acutc and subacute feeding studics to determine toxicities and some
residuc levels have been done with rats, birds, and guinca pigs (15-18, 22). Tol-
erance studies have been done with fish and other forms of marine life (19, 21,
22). Pathological changes in the liver and other organs have been shown in
guinea pigs, rats, and rabbits at high concentrations (22). Hydropcricardium and
growth depression proportional to dictary levels of the toxicant have been pro-
duced in the chicken (23). Polychlorinated biphenyls are known to affect estrogen
lovels in birds which in turn reduecs calcium reserves and results in thin eggshells.
Chemical porphyria from oral administration has also been shown in chicks (18).

This paper presents distribution, storage, and excretion rates of Aroclor in cer-
tain tissucs, body fluids, and excreta of rats following (1) a single oral dose, (2)
repcated dietary intake, and (3) after discontinuance of PCB in the diet.

METHODS

Aroclor 1254 and 1260 were supplicd by the Monsanto Chemical Company with

respective lot numbers, AK-38 and AK-3. Dietary formulations were prepared
according to the methods described by Caines and Kimbrough (24).

EXPERIMENT A

Aroclor 1254 and .Aroclor 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 260-318 g. Four control rats, two
in each group, were given peanut oil only. Twenty-four hours later the animals
were killed, and blood (oxalated), fat, muscle (ahdominal), liver, kidney, lung,
and brain were taken for analysis. :

ExperiniENT B

Aroclor 1234 at 1000 ppm was fed for 98 days to 29- to 34-day-old Sherman
strain male and female weanling rats, in groups of 10. Controls were fud only
plain chow. Food consuniption was measured at intervals as described previously
by Kimbrough and Gaincs (4). All rats were weighed on a weckly basis from
experiment initiation until time of sacrifice or death. The rats consumed an aver-
age of 72.7 mg/kg/ Aroclor/day. Blood (oxalated), fat, muscle (abdominal), liver,
kidney, lung, and brain were taken from each rat at time of sacrifice. Tissues were
preserved in 105 formalin and held for analys's.
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vn elec- : ExpemiveNT C

1 mtcl: ~ Sherman strain male weanling rats (61- to 68-days-old) were fed a diet of plain
csscoun- . chow or chow fortificd with Aroclor 1254 at a concentration of 100 ppm for 58
t :fleas days. Fortificd chow was discontinued, and samples were collected during the
ntt ){Jn- : recovery period. Food consumption was measured at 2-day intervals for a period
‘Ss" . of 8 days; after 42 days food consumption was mcasurcd daily for 4 days. Sur-
 the en viving rats were weighed once a week. At various times during the experiment
wntation rats were ind.vidually housed in metabol'sm eages. Urine and feces were collected
ablished over a 168-hour period during which time plain chow was fed. Following cxcreta
! 4 some collections, rats were sacrificed. Blood (oxalated), fat, muscle (abdominal), liver,
;19) Tol- kidney, and bruin were taken from each rat at time of sacrifice. Tissues, urine, and
—-(.1.9 21 . feces were frozen at time of collection. Whole blood was centrifuged and the
how;\ in ~ plasrha refrigerated. The outline of the experiment as aforcmentioned is sum-

. marized as follows: These animals (two on the dict and onc control) were sacri-

lium and - — ficed on Day 4, 9, 13, 17, 25, 34, 42, and 58. After discontinuance of PCB in the

wen pro- dict, two animals were sacrificed on Day 8, 16, 24, and 71.
cstrogen
sggshells. Exrenminents D ano E
Cks_ (18). Sherman strain male weanlings (36- to 41-days-old) were fed Aroclor 1254 at
or in u;r dictary levels of 100 ppm or 300 ppm for 252 days. Body weights were dctermined
dose, (2) initially and weckly thercafter for 121 days. On the tasis of food consumption
t. ' measurements, the average rates for intake of Aroclor 1254 were 6.8 mg/kg/day
and 384 mg/kg/day for 100-ppm and 500-ppm dietary levels, respectively. Sam-
) ples were collected in the same manncr as Experiment C.
sany with ¢ ol
pr(‘pﬂred SAMPLE PirEPARATION
Polychlorinated biphenyls like DDT, are not water soluble but are, in fact,
highly lipid soluble. Solvents for tissues and plasma extractions were sclected for
this property.
and 3200 Plasma (at least 2 ml) was extracted by the method of Dale et al. (25). Later
male, 173 in the study, the Bryant-Thompson modification of this method was used (26).
rats, two . No significant diffcrence has been found between these methods in this laboratory
ic animals ) " with the exception that convenience favors the Bryant—Thompson modification.
ney, hang, Samples of fat (250 mg), liver, musele, kidney, and lungs (500 mg each) were
homogenized two times in 4 ml of hexane, and the extracts were combined.
Brain (500 mg) was homo"(‘nizcd two times in 4 ml of acetone, and the ex-
tracts were combinad (27
1 Sherman -Urine (mean volume of 10 ml) at pH < 7 (using pHydrion papcr) was diluted
¢ fed only to a volume of 23 ml by the addition of water and 1 ml isopropanol. These sam-
prvviouslir ples were extracted in 125-ml separatory funncls three times with 10 m! hexanc.
basis from The hcxane extracts were combined, washed once with 3 ml of water, and dried
« an aver- with 1.5 g of anhydrous sodiunm sulfate.
nat), liver, Feces were desiceated over calcium chloride for 1 week. One gram was then
ISSUCS WOTe pulverized in a mortar and pestle and extracted for 1 hour with 25 ml of acctone

on an automatic shaker. The acctone extract was decanted and placed in a 50-ml
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centrifuge tube. Particulate matter in the extract was removed by centrifuging
and/or dccanting. The extracts were evaporated with a strcam of dry nitrogen to
a volume of 0.5 ml in a water bath (40°). The acetonc extracts were evaporated
fust to dryness and made to a volume of 0.5 ml in hexane. The samples were dried
with anhydrous sodium sulfate and hcld for cleanup and analysis by electron
capture gas-liquid chromatography.

! ‘

PreranaTiON OF SiLica GeL aAxD Micno-CoLunnN

Silica gel (27) from Woelm (Activity grade 1) was activated at 130° for 4
hours and desiccated over calcium chloride for 16 hours before deactivation at
3% (v/w) by the addition of water. The silica gel was allowed to equilibrate at
least 2 hours before use. After comparing the weight of the silica gel before and
after activation, it was found to be activity grade I as specified by the manu-
facturcr and fyrther activation was unnccessary; howevcr, each new batch was
routincly activated.

One gram of the deactivated silica gel was placed in a disposable pipet, which
had been looscly plugged with silanized glass wool, and gently seated. Columns
were prewashed with 10 ml of hexane. Each sample was placed on the column
in a volume of 0.5 ml. At least 1 m! of hexane was used to quantitatively transfer
, the sample to the head of the column. The column was eluted with 10 ml of a
) 1:1 benzcne:hexane mixture (27). Samples were chromatographed in sets of
cight with duplicatc column blanks. Aroclor 1254 standards were eluted simul-
tancously in order to ascertain the variance in silica gel activity and to detect any
pussible contamination from solvents, glassware, or silica gel.

N

Cas CHROMATOGHRAPHY

Samples from cxperiments, A, C, D, and E as treated above were analyzed by
elcctron-capture gas-liquid chromatography under onc of the following condi-
tions using a MicroTek MT-220 gas chromatograph: pulse Mode (using dual
columns and dual detectors); cell voltage, 36.5 volts; pulse width, 5.5 yscc; pulse
rate, 120 pscc; detector, H, parallel plate design, No. 1 205°, No. 2 198°; column,
6’ X %" o.d. U-shaped pyrex glass packed with 52 OV 210 on 80/100 mcsh
Chromosorb W, high performance, 170°; inlet 238°; carricr gas, argon-mcethane
(93-5%), 50 psi: flow-through Detector No. 1, 50 cc/minute; Detector No. 2, 60
cc/minute. The DC mode was as follows: cell voltage, 15 volts; detector, 1, par-
alle} plate design, 210°; Column, 6’ X X~ o.d. U-shaped pyrex glass packed with
1.5% OV-17/1.95% QF-1 on 100/200 mesh Chromosorb \V, HP, 200°; inlet, 230°;
carrier gas, nitrogen, 40 psi; fow-through deteetor, 75 cc/minute.

Samples from Experiment B were injected direetly as hexane extracts and
analyzed by electron-capture gas-liquid chromatography under the following
conditions using a MicroTek MT 220 gas chromatograph: ccll voltage, 40 volts
DC; detector, *'Ni, 230°; columm, 6 X %" o.d. U-shaped glass column packed
with 1.5 OV-17/1.95% QF-1 on 100/200 mesh Chromosorh W, HP 200°C; inlet,
210°; carrier gus, mitrogen, 40 psi: flow-through detector, 80 ce/minute, 20 c¢/ min-
ute scavenger plus 80 co/minute carrier gas flow,
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v
. RecoverY STuDIES
ifuging
>gen to Recovery studies were completed using the following methods for control tis-
yorated . sues, plasma, and 48-hour urinc and feces collections. The fortification level for
¢ dried _ each type of sample was the mean concentration, with the exception of fat, of
Joctron K Aroclor 1254 found for that sample in Experiment C. Fat samples were fortificd
with 100 ppm.
Tissues (fat, liver, kidney, brain, and muscle): Aroclor was added dircctly to
the hexane extract prior to liquid chromatography.
. Plasma: Aroclor was added directly to fresh plasma, thoroughly mixed using
° for 4 a mini-mixcr, and allowed to equilibrate overnight under refrigeration. Samples
tion at were then trcated as mentioned in methods.
rate at Feces: Aroclor was added dircctly to pulverized dry fcces and treated as men-
e and ' tioned in mcthods.
manu- , Urine (three slightly different approaches were uscd ) :
ch was ' No. 1—Aroclor was added to 1 ml of isopropanol, then mixed with a solution of
-— urine and water (10 ml + 15 ml) and analyzed as mentioned above; No. 2—
which Aroclor was added to a hexanc extract of 10 ml of urine which had been prepared
olumns as mentioned above; No. 3—Urine (5 ml) was added to a known quantity of
zolumn ' Aroclor in a 15-ml centrifuge tube, mixed on a minimixer, and allowed to cquili-
ransfer brate at room temperature for 16 hours. Urine was cxtracted three times with
nl of ‘; _ 3 ml of hexanc; the hexane extracts were combined and cvaporated to 0.5 ml.
scts O .
simul- : RESULTS AND DISCUSSION
ect any v ' Rout nely, this laboratory opcrates dual channel solid state electromcters at a
sensitivity of 4 X 10 ' amps full scalc which permits the dctection of 10 to 30
picograms of the more common chlorinated hydrocarbons. There was a significant
» diffcrence between the response characteristics of the Aroclors as compared to
zed by . the chlorinated hydrocarbons. To achieve a representative gas chromatographic
condi- - trace, at lcast 350 and 490 pg of Aroclor 1234 and Aroclor 1260 were required. A
¢ dual gas chromatogram illustrating the difference between the electron-capture re-
5 pulse . sponsc charactcristics of these compounds as compared to chlorinated hydrocar-
olumn, bons is shown in Fig. 1.
Y mesh . e
wthane ExperINMENT A
). 2, 60 Data resulting from clectron-capture analysis of plasima and tissues in Experi-
I, par- : . ment A are presented in Table 1. Quantitation is an approximation. In all cascs,
d with the pcak hcights (in mm) of all PCB components were summed for the respee-
t 230°%; tive standard at a given picogram quantity injected. A response factor was deter-
mined for each standard in pg/mm. For cach samplc, a summation was madc of
ts and , the total response (in mm), and the product of this times the response factor cal-
Howing culated to give picograms of PCB or PCB-dcerived matcrial in the sample. When
0 volts . the gas chromatograms for the samples were compared with those of the Aroclor
‘l"“-ked standard, there were no recurrences of the general Aroclor pattem. Some peaks
;i inlet, had completely disappeared. This was also true for each of the succeeding studices.
o/ min- ' . Although the dosage level of Aroclor 1260 was twice that of Aroclor 1234, the
\ \
' DSW 332461
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I Fic. 1. Gas chromatograms for Aroclor 1254 and chlorinated hydrocarbon standerds. (A
j plot of detector response vs tinde. ) .
- . A
TABLE I '
-_1 ) DisTRIBUTION OF AROCLORS 24-HouUms AFTER ORAL INGEsTION BY STOMACH TUBE
1 : ) Aroclor 1254 Aroclor 1260
{dosage level—1600 mg/kg) (dosage level—3200 mg/kg)
Plasma
“Mean 24.03 15.79
8 + 8.08 + 0.9
Braiu
Mean 138.00 145 .17
SE + 38.41 + 23.50 .
Fat A N
Mean 1146.8 830.0
, 8E + 574.5 $426.6
- Liver T
Mean - 141.20 236.1
Sk 1 47.80 +£116.3 ‘
Kidney .
Mean 274.03 328.5
8E 1+ 30.47 +114.9
Lung
Mean 65.91 105.17
8k + 20 48 + 21.13
Munche
Mean 80 2% 37.00
SE + 67 3R + 22.37
DsSw 332462
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-
mean storage levels after 24 hours were cssentially 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

Y in the fat and lowest in thc plasma. According to Hayes (35), acute dosages,
_ : such as the one given here, do not result in storage, but rather in a flooding of
- . the organism.

Expeanent B

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

- Aroclor 1254 and reported lethal cffcets to none of 6 by 14 days, 1 of 5 by 28 days,

3 of 4 by 43 days and 4 of 4 by 53 days including a 21% reduction.in food con-

' sumption. All survivors in Experiment B appeared to be normal; however no in-

—_— 7 crease in weight was obscrved in surviving males after 84 days of dietary intake

and after 77 days for surviving females. Food consumption for dosed males and
femalces was 66 and 64%, respectively, of consumption by controls.

- - Data from electron-capture analysis of tissucs and plasma are presented in
Table 11. The variation in the concentrations of PCB in this experiment, as in Ex-

dards. (A periment A, is least in the scrum and brain and highest in the muscle and fat.
2 . A significant diffcrence between males and females was not found for storage of
” TABLE I1
‘vBE Distrinvrion of PCB-Deriven Material Forrowing 98-Day FXposuxk 10 A
- Dieriry Levien or 1000 PPM Awoclor 1254
Malos : Fenules
- (ppm) (ppm) . Malex vs Femnales
Plasmus
Mean 17 18 ' » > 0.50
’. |E S 6 8
' Fat
ot Mean 11278 . 8431 p>0.5
¢ S8E + 57142 3719
Muscle
Mean 135 753 p>020
SE 17 - r) ‘
Lung :
Mean N 52 . p>0.50
SE + 20
Brain )
Mean m W © p>0.50
K SE + N 21
Kidney 56 M » > 050
. sE + [} 24
Liver »
Mean 155 210 p>0.20

SE + M 13

DSW 332463
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Aroclor 1254. Hayes (35) and Dale et al. (38) 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 cxceeds the greater food intake by females.

The absence of ccrtain peaks in the Aroclor standard when compared to PCB-
derived matcrial in the samples became more dramatic in this experiment as
compared to Experiment A. Cenerally, the percentage of matching Aroclor peaks
found in cach tissue was as follows: plasma 81%, fat 74%, brain 66%, liver 64%,
lung 63%, muscle 62%, and kidney 58%. These differences could be attributed to:
(1) selectivity in storage for each tissue; (2) enzyme activity resulting in some
form of metabolism; (3) excretion favormg some isomcric forms as opposed to
others.

Experivent C

The data from the analysis of tissue, piasma, and excrement obtaincd according
to the schedule outlined in Experiment C are shown in Figs. 2 and 3. There is a
steady buildup of Aroclor in all tissues, while the excretion trend is quite erratic.

o

|
\

T

o
==
é 01 : A * - i 2:;:.: —_—
O Kidney
B Muscle
A drain
A Plasrca

Tl x ¢ (DA Y8®)

Fic. 2. Distribation of PCB-derived matcriul in tissues and plasma from rats on a dictary
level of 102 ppm Aroclor 1254, }
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Fic. 3. Concentration of PCB and PCB-derived material in fcces lnd urine from rats on
—2 a dietary level of 100 ppm Aroclor 1234,

- o The excretion trend may be due in part to the discontinuous collections; there-
fore, these results reflect only the excrction pattern at specific times. The residue
levels observed in Experiment B created some doubt that levels observed after
the 56-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

T ' - stored in their fat until it reaches a platcau, and on a dict containing 200 ppm or
—d less this platcaw- is rcached within 90 to 140 days. Dalc et al. (36) found mcan
concentrations of DDT and DDE in the fat of male rats fed 200 ppm in the dict
for 90 days to be 525 and 51 ppm, respectively, while male rats on the samie dict
for 140 days had mean concentrations of 506 and 42 ppm. A maximum concentra-
) tion in liver, kidney, and brin is achicved witliin a few days for a dietary level
of 1000 ppm (35).
) . ExrenineNT D axp E
, Results of Experiment D showed that rats on the same dictary levels stored

BT more Aroclor in their tissucs after 240 days than at the ond of 58 days. The 240-
' day group showed no significant difference in the quantity of the PCB-derived
matcrial found in the urine but showed significantly more PCB exercted in the
feccs. ' '

Analysis of tissuc, plasma, and cxcreta from Exper'ment E indicates that

. dietary

DSW 332465
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Aroclor storage, like DDT, is directly rclated to the daily dosage. However, the
points at which cquilibrium storage is achieved arc yet to be determined.

. At dietary 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 after 240
days at dietary levels of 100 and 500 ppin were 1101 and 10,021, respectively.
Cencrally, the levels of DDT stored in the fat of male 1ats 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 diflerences in
their relative toxicitics and/or lipid solubilities. { The brain concentration, rather
- than fat concentration is a better indication of toxicity) (38).

DDT storage can be reduced if exposure is reduced or discontinucd. Lang and
Fitzhugh (37) found retent'on of 50-75% and 25% of DDT in the fat, 30 and 80
days after discontinuing dicts containing 5 to 50 ppm. After 58 days on a dietary
level of 100 ppm Aroclor and a recovery time of 71 days, 80% of the concentration
in the fat remained. Elimination seems to parallel that of DDT.

These data indicated the concentration of Aroclor found at time of sacrifice to
be in the following order: fat > liver > fcces > kidney > brain > plasma >
urinc. The order of storage for tissucs and plasma scems to parallel lipid content.
Fecal cxcretion exceeds urine excretion with Aroclors as it does with DDT and
other chlorinated hydrocarbons. )

Evaruvation oF MeTHon

The efficicney of the silica gel microcolumn and the extraction techniques 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 liquid chromatog-
raphy or a combination of extraction and liquid chromatography, were at an
acceptable level with the exception of urine. Recoveries of DDT from human
urine using liquid-liquid extraction techniques have been reported by Cucto and
Biros (28) and Cranmer et al. (29) with recoveries 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 hexanc in an aqueous system. In order to
evaluate this, reciprocal p-values were determined using the technique of Bow-
man and Beroza (30). The average of triplicate analyses gave a reciprocal p-value
of 0.761, or 76.4% of the Aroclor was partitionced into the hexane layer from the
aqueous system. This value agrees favorably with approach No. 3 but docs not
account for the 17% differonce in approach No. 1. Zitko (20) states that he found
fractionation taking place when emulsions resulting from mixing Aroclor 1234
with water were broken by centrifugation. Gas chromatographic analysis of a
hexane extract of the supernatant showed it to be richer in the lower chlorinated
biphenyls than the original preparation. This varied with batches of Aroclor.
. When a prak-for-pcak comparison was made, whether in vitro fortification or
p-value stud.es were being considered, recovery was generally low for all con-
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wer, the TABLE 111
. Recoveay or In Vitro Fowrrtiricarion or ControL Bamries witu Anoclom 1254
alues of , Fortified Percent
nd 4200 Tisue Weight (ppm) AR 1254 recovery*
fter 240 ' Plasma 2.0 05 9.6
:h""ly‘ Far 250 100 82.2 f
ys arc Liver .500 6.0 94.8
in DDT - Muscle . .500 4.0 103.1
ences in ' Beain .500 3.0 100.4
tnecs in Foees” 1000 1.0 w8
\ rather \ Urine (Approach 1,2,3) 0.1 62.0
0.1 114.0
ang and ! 0.1 77.0
'and 90 , — R — — .
dictary ' * Plasma, fat, liver, muacle, brain, kidney, feces—mean of 4 determinations, sad urine X mean
3 _. of duplicate deteyminations.
ntration - :
stituents, and the average recovery was reported. Low recovery from the urine
rifice to .was probably duc to the extracting solvent The values reported were not cor-
asma > rected for in vitro recoverics.
content. Although p,p’-DDT and p,p’-DDE werc dctermined at the 0.01 ppm sensitivity
DT and level in liver from a control rat, the degree to which silica gel removes interfering’
, moicties from tissue or excreta cxtracts cannot be determined at this time. Before
and after clution from silica gel there usually was a marked difference in the ap-
! “pearance of the extracts depending on the weights of tissuc and excreta used.
_ (Law and Goerlitz (39) report the success of pigment removal with silica gel
ues em- _ from water samples.)
in vitro . Muscle and plasma were the least affected by liquid-solid chromatography and
icolumn could have been analyzed very easily without this treatment. In fact, for the con-
s’atog- ) centrations of Aroclor found, most of the samples could have been analyzed
e at an without any cleanup, taking into consideration the problcms associated with
human column and detector contamination.
oto and : After clution patterns of Aroclor 1234 were established, 10 ml of benzeue:
ctively. ‘ hexane were not required for quamtitative clution of PCB, in fazt, only 4 ml were
1s more required. This saved time in subscquent analysis. The elution pattern of Aroclor
ight be " 1234 was unchanged at the fortification levels mentioned in Table II1. The Aroclor
wder to 1254 standard that was chromatographed simultancously with each batch of
f Bow- . . samples analyzed had a mean recovery of 104% with a SE of 3.1 for 23 samiples.
r’t’m\ld:;:z . INTERFERENCE. OF DDT wrtn PCB AxavLvsis
locs not ' The presence of PCBs, DDT, and DD1-like mwoictics in samples presents
e found ' a problem both qualitatively and quantitatively during analys’s. Initially, samples
or 1254 of liver and fat from control rats for cach sampling period were analyzed for DDT
sis of a ! and its mctabolites; samples were taken from the oldest control rat in the study.
winated . These tissucs usually showed measurable amounts of DDT, DDD, and DDL. The
Aroclor, : values for liver and fat, respectively, were as follows: p.p'-DDT, 0.046 and 1.366
wtion or ! ' ppm; p,p’-DDD, 0.036 and 0.316 ppm; p.p”-DDE, 0.016 and 1.09S ppm. _
all con- ) Since preliminary cvaluations showed liver and fat storage of PCBs to be a

DSW 332467

STLCOPCB4079043



PN . N " - s PV G DPUEE PP ugr e P UV W R VP ey ddls Sl ats b Sy,

" — e ¢ ey e g e -y s = T

~e—we o .

02 CURLEY ET AL.

minimum of 10 to 100 times the above mentioned values, interference was con-
sidcred to be noncxistent. However, thrce possible approaches to separation of
PCB and DDT-like materials without any chemical degradation of the pesticides
concerned werc 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, p,p’-DDT, o,p"-DDE, 0,p-DDT, dieldrin, and heptachlor
epoxide, moved with the solvent front. Using polar and nonpolar mobile phases,
the Rf valucs for PCBs and p,p’-DDE wecre identical and not resolved. This can
possibly be used in confirmation and identification of Aroclors.

The two other approaches utilized column chromatography. Florisil was used,
ss proposcd by Reynolds (32). PCBs are eluted from the column with
hexane, while other chlorinated hydrocarbous are cluted with a diethylcther:
hexane mixturc. Reynolds evaluated Florisil with a mixed standard of Aroclor
1254 and a chlorinated hydrocarbon mixture containing lindane, heptachlor,
aldrin, heptachlor gpoxide, p,p’-DDE, dicldrin, p,p”-DDD, and p,p’-DDT. Aldrin,

" p.p-DDE, and heptachlor are cluted 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 samples in their unepoxydated
forms. However, when an attemipt was made to reproduce the work of Reynolds
using PR grade Florisil, a mixturc of Aroclor 1254 plus the chlorinated hydro-
carbons, lindane, heptachlor (poxndc dicldrin, p,p’-DDD, p,p’-DDE and p,p"-
DDT, mcasumblc quantitics of p,p’-DDT, p,p’-DDD and lindane were found in
Fraction 1, i.c., 66, 10 and 327 of the total, respectively. Reynolds does not men-
tion the quality of the Florisil although he docs mention how it was handled. The
problem, howcver, scems not to be related to the grade of Florisil. Bevenue and
Ogata (33) have presented data using both qualitics of Florisil and were unable
to reproduce the work of Reynolds. There is some disagrecment between the
fractioning pattern of Bevenue and Ogata (33) and the onc 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
evaluated before use for separating PCB and DDT.

Armour and Burke (34) used a column of silicic acid (treated) and Celite 543.
The columa is cluted first with petrolcum cther for PCBs and then with a mixed
solvent system of dichloromethanc—acetonitrile~hcxane (80:1:19) for the chlo-
rinated hydrocarbons. Thit system was evaluated using standards at levels below
those that would be cxpected in environmental samples, i.e., 0.5 ppm Aroclor 1254
and Aroclor 1260 and 0.1 ppm y- and B-isomer of BIC, heptachlor epoxide,
0,p"-DDE, p.p’-DDE, dicldrin, p.p’-CDD, and p,p’-DDT. Scparation has becn a
problem with the p,p’-DDE; Fraction 1 contained 207 p,p”-DDE with the remain-
ing 80% in Fraction 2. Although somc recoverics were less than 85%, all other
pesticides 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 affected in the group of compounds that were used
to show the changes was p,p’-DDE.

The fact that there was not a complete peak for peak match between stored and
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excrcted PCB and the dietary standard is not new (Fig. 4). Whether this is
evidence of mctabolism is yet to be determined. These differences were success-
fully demonstrated by electron capture gas-liquid chromatography and gas chro-
matography-mass spectrometry in that there were changes in the relative abun-
dances of some of thc components of Aroclor 1254 in fat and the urine umples
This has not yct been demonstrated in any other tissue.

The mass spectra showed molecular ions at m/e 288, 323, 358, and 382 con-
taining Cl,, Cl, Cl,, and ClI; isotopic clusters in the fat and 254, 288, 324, and 358
in the urine. Two additional ions which were observed in the urine only, were
m/e 304 and 405. Thesc ions contained the Cl, isotopic cluster

The prcsence of unaltered Aroclor in the feces may be indicative of lack of
absorption; this was the only sample that showed no alteration when compared
to standard Aroclor 1254.

The neutral urinary excretion pattern was quite the contrary to feces. This may
in part be duc to a solubility phenomena which Zitko (20) encountered when
working with PCB and water. The situation of Zitko with cither urinc or alcohol-
water mixturcs under in oitro conditions was not reproduced. Under in vivo con-
ditions, there may be selective solvation of certain constituents of Aroclor.
Selected samples of urine werc analyzed by gas chromatography using the elec-
trolytic conductivity detector in the reductive mode. The presence of chloride ion
was further substantiated. The retention times of these coriponents compared
favorably with peaks in the Aroclor standard.

CONCLUSIONS

It is hoped that these data will clucidate some of the problems inherent in

studying the polychlorinated biphcnyls: and that some correlations can be found
between the residue levels reported and the LDy, determinations including the
pathological findings to be reported in a later publication by Kimbrough et al.
(40). There arc some basic gencralizations that can be drawn from the data
presented: - .

(1) Following dosage with Aroclor 1254 or 1260, whether acute or chronic,
residue amounts can be detected in all body tissucs, fluids, and excrement.

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

(3) No significant d:flcrence is apparent in the storage of PCBs by male or

~ female rats when fed the same dictary levels.

(4) Polychlorinated biphenyls are stored primarily in adipose tissue.

(5) Since there was no recurrence of the general Aroclor pattern in the gas
chromatograms or total ion current traces of the mass spectronicter between
the Aroclor standards and components observed in the fat and urine, pos-
sible mctabolism or differential absorption is suggested.
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