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Ao by tival method o detenmimgion of PCB (Araclor 1254) in blood, wine,
feees, and tssnes of Sherunen steain vats after prolouged  dictary intake (100, 500,
aned 1000 ppn ) s presented. The metlod insolves homwogenization and extruction with
heve, clewaep on o silica el wicracolunn aud aoatysis by clectron-captise s~
ligoidd chronmtography. Recovery data e showa at 0.1, 5, 14, and 100 ppo. Masy
spretroseapie characteristies ol PCB i tissaes are given, Distribotion, storage, and
ewcrction vates doring leeding and alter discontinnance of PCR i the diet ane
mesentedd.

Polvehlorinated biphenyly (PCBs) were first deseribed in 1881, by Schinidt
awd Shaltz (1), Conmnercial production was hegin in 1930 (2), These compounds
have Deen and still widely used as plastici md resing and in ehlorinated
wubher (3, 4). They are known o enhanee the insecticidal propertics of lindane
{3). DI wd dieldvin (6), Vhey may he used as stationary phases in gas=Yiquid
chrematugraphy (7).

Their widespread wse may have esalted in contamination of the eco-system as
suggested by many vecent reports. Aroclort and DDT were both used during
Waork? War 11 In 1948, total organic chlorine analysis provided data for the first
detevmisition: ol DT storage in s (8). Sinee this method has no specificity
lor DOT, the total organic chdorine coment would not predude the pre
ather organic chlovine-comtaining moicties. I terms of halide specific
Dol microconlometrie gas chromatographic method for detecting pesticides
wis well established by 1980 (9), and clectron-eapture was in use by 1961 ( 10).
Robsrn (1) first observed extrancous peaks in 1985; he used a potentiometric
mode of analysis Tor total chlorine and found disagreement between this method
and total chlorine content caleulated from gas chromatographic results in which
Argonionization il clectron-capture were used for the analysis of tissues and

nee of
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PThe Monsunta: Company anafactures PC lh chiefly in the United States ander the trade
ww of Aroclor, “They wre mamifuctined in nee by Prodelee, and in Germany by Bayer,
willy trade aomes, Phenochlor and Colphen, respectivi

These componds me designnted by monbers. Fhe first two g
vpes 12, chloviated Biphenyts: 25 ad 11, Blends of chbarinated
terphenyls (73% hiplunyl
two dlils sive the weight percent of chlorine, Thas, Arocd
pupee iy concerned, are chlor

nt the moleenlar
al eWlerinuted
6 Diplenyl, respectively ); 54, (hlulnm(ul terphenyls, The last
r 1254 and 1200, with which this
o Biphenyls containing 54 and 604 chlovine, respectively,
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caps of wild birds. The samples showed significant amounts of unknoson cees
tram-capluringg. compounds. Roburn: postulated that these were metabolic inter-
mediades of one or more ol the ovganochlorine pesticides. The differences conld f
ation. [t wis notantil 1966 that §. Jen-

also have beew indicative of PCB conta
sen (12) using electron-capture and mass spectrometry was able to identify as
PCBs unknown peaks found in the analy d a bivd careass. Un- !
donbtedly, the time Tag between initiation use and detection of PCB in the en-
viromment iy a matter of acesmulative coneentration and/or instrunentation
development.

The presence of PCBs in envitonmental samples has been well established
(13, 14). Acute and subacnte feeding studics to determine toxicities wd some
idue levels have been done with rats, birds, and guinea pigs (15-18, 22). Tol-
ranee studies bave heen done with fish and other Torms of marine Bife (19, 21,
o Pathological chinges v the diver and other organs bave been shown in
guinwa pigs, rats, and rabbits at high concentrations (22). Hydropericardiun and
growth depression proportional to dictary tevels of the toxicant have been pro-
duced in the chicken (23). Polychlorinated biphenyls are known to affeet estrogen
levels in birds which in tum reduces ealeium reserves and vesults in thin eggshells. o

Chemieal porphyrin from oral administration has also heen shown in chicks (18). !
This paper presents distribution, storage, and excretion rates of Aroclor in cor-
tain tissues, body flukds, and exereta of rats following (1) a single oral dose, (21
repeated dictary intake, and (3) after discontinwanee of PCR in the diet.
METHODS
'
Aroclor 1254 an:l 1260 were supplied by the Monsanto Chemical Company with
respective Jot numbers, AK-38 and AK-3. Dictary {ormulations were prepared
according to the methods deseribed by Gatnes and Kimbrough (24). .

ExvennmNr A
Aveclor 1254 and Arvoclor 1260 were administered at 1600 mg/kyg and 3200}
mge/ ki, vespeetively, as a single orad dose, by stomach tube to three fomale, 173-
to 183-day-old, white Sherman rats weighing 260-318 & Four comtrol rats, two
in each group, were given peanut oif ondy. Twentv-four hoars Jater the aninals
wore killed, and blood (oxilated), Gat, muscle (abdominal) | Tiver, Kidney, uni,
and hritin were taken for analysis.

ExpermarNr B

’
Aroclor 1234 at F000 ppm was bed for 98 days to 29 to 34-day-old Shenuan
strain nule and female weanling rats, in groups of 10, Controls were fod oy |

phain chow. Food consumption was ncasured at intervals as deseribed previously
by Kimbrowgh and Gaines (4). Al rats were weighed on a weekly Dasis from
experiment initiation wntil time of sacrifice or death, The vats consimed an aver-
age of 727 wig/ ky/ Aroclor/ dav. Bload (oxadated ), lat, nimsele (abdominal ), liver.
Kiduey, lung, and brain were taken from cach rat at time of sacrifice. Tissues werd
preserved in 104 Jovmalin and held for analys «
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POLYCHLOMN ATED MITENYLS 481

ExeazeNt C

Sheran strain male weanling rats (81- to 86-days-okl) were fed a diet of plain
chow or chow fortificd with Aroclor 1234 at a concentration of 100 ppw for 58
Fortified chow was discontinued, and sumples were collected during the
reeavery periad, Food consumption was measured at 2-day intervals for a period
ot § 42 iy food comsumption was measared daily for 4 days. Sur-
viviny 1 weighed onee a week. At various times during the experiment
rats were ind vidually housed in metabolsn cages, Urine and feees were collected
over a {6-hour period doring which time plain chow was fed. Following exerct
collections, rats were sacrificed, Blood (oxalated ), fat, musele (abdominal), liver
kiduev, and beain were taken from coch rat at time of sacrifice, Tissues, wrine, and
feees were frozen at time of collection, Whole blood was centrifuged and the
plasma refrigerated. The outline of the experiment as aforementioned is sum-
mrizedd as follows: These animals (two on the dict and one control) were sucri-
ficed on Day 4, 9. 13,17, 25, 34, 42, and 38. After discontinaance of PCB in the
diet. twor Is wor ficed on Day §. 18,24, and 71,

il

LExrERMENTS 1D AN 1
Sherman strain male weankings (38- to 4l-days-uld) were fed Aroclor 1254 at
dictary Jevels of 100 ppm oy 300 ppn for 252 days. Body weights were determined
initiadly and weekly thereafter for 121 days, On the basis of food consumption
meastirenients, the average rates for intake of Aroclor 1234 were 6.8 mg/kg/day
and 64 mg/kg/day for 100-ppm and 500-ppm dictary Jevels, sespectively. Snm-
ples were collected in the same manner as Experiment C,

SanrLe Preranation

Polvehlorinuted biphenyls like DT, are not water sohable hut are, in fuct,
higchty lipid soluble. Solvents for tissues and plasn extractions were selected for
this property,

Plasia (at Jeast 2 ml) was extrneted by the method of Dale et of. (25). Later
i the study, the Bryat=Thompson madifiention of this method was used (26).
Nosignificant difference has been found hetween these methods in this laboratory
with the exeeption that convenience Bivors the Bryant=-Thompson modification.

Swmples of fut (230 wyg), tiver, musele, Kiduey, and hangs (500 my each ) were
homogenized two times in 4 ml of hexane, and the extracts were combined.

Brain (500 mg) wus homogenized two times in 4 mi of acetone, and the ex-
tracts were combined (27),

Urine (mean volume of 10.ml) at pIl < 7 (using pllydrion paper) was diluted
to a volume of 25 il by the addition of water and 1 ml fsopropanol. These sam-
phy were extneted i 125-mi separatory funmels three times with 10 m) hexanc,
The boxame extracts were combined, washed onee with 3 ml of water, and dried
with 1.3 g of anbhydrous sodium sulfate.

Feees were desiceated over ealeium chloride for 1 week. One gram was then
pulverized in a2 mortar wand pestle and extracted for 1 hour with 25 ml of acctone
e in S0}

o an wontic shakee, The acetone extract was decanted and pla
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" 484 CURLEY ET AL,

(‘(‘n(rifugt‘ tube, Particulate matter in the extract was removed l)_\' centrifuging
and/or decanting. The extracts were evaporated with a stream of diy nitrogen to
a volume of 0.5 mbin a water bath (40%). The acctone extracts were evaporated
just to dryness and made to a voluue of 0.5 ml in hexane. The samples were dried
with anhiydrous sodinm sulfate and held Tor cleanap and analysis by cleetion
capture gas-liguid chromatography.

Prevaration oF Suaca Get axn Micno-Copumn

. : Siliea gel (27) from Woelm (Activity grade 1) was activated at 130° for 4 |
’ hours and desiceated over caleium chloride for 16 hours hefore deactivation at

3¢ {v/w) by the addition of water. The silica gel was allowed to cquilibrate at |

least 2 hours hefore use, After comparing the weight of the silica gel hefore and '

alter activation, it was fowad e be activity grade Tay specified by the nan-

facturer and Turther activation was unnecessary; however, cach new bately was .
' rontinely activated. '
Y One gram of the deactivated silica gel placed ina disposable pipet, which .

had been lousely plogged with silanized glass wool, and gently scated, Colunns
were prewashed with 10 ml of hexane, Each sample was placed on the columm ;
in a volume of 0.5 ml. At least 1l of hexane was used to quantitatively transter t
the sample to the head of the columm, The column was cluted with 10wl of a 3
121 benzenethexane mixture (27). Samples were chiromatographied i sets of
cight with duplicate column blanks. Areclor 1234 standards were cluted: simnlk
tanconsly in order to ascertain the varianee o silica gel activity and to detect any
possible contamination from solvents, glassware, or silica gel.

Cas Crostarocrarmy d
: Samples from experiments, A, C, 1, and 15 as treated abave were samlyzd by [
N clectron-capture gas=liquid chromatography wnder one of the ollowing condi- tr
tions using a MicroTek MT-220 gus chromatograph: pulse Mode (using dual ']
catens and dual detectors ) eoll voltage, 365 volts: pulse width, 5.5 pace; pulse | 5
vate, 120 psee; detector, *H, parallel plate design, Noo T 203°, No. 2 1959 colism, I

6 X &% 0., U-shaped pyrex glss packed with 55 OV 210 on S0/100 meh

Chromosorh W, high performance, 1707 inlet 2387, crrier gas, argon-methaun

(95=3%), 30 psi; fow-through Detector No. 130 cefminnte: Detector No. 2, 60
Cee/mimite, The DC mode was as follows: coll voltage, 13 valts: detector, 1 par | e
aliel plate design, 210°; Column, 8 X 57 o.d. U-shaped pyrex ghass packed with l the
1535 OV-1771.95% QF-1 on 1007200 mesh Chyomosorh W, 110, 2007, julet, 230 '
cavrier gas, witrogen, K psi; flow-through detector, 75 co/ minute. e
Samples from Experiment B were infected dircetly as hexane exteacts anl I th
amilyzed by clectron-captore gas-liquid chromatography under the following o
conditions using @ MicraTek MT 220 gas chromatograph: coll voltage, 40 voits i
DC; detector, “Ni, 2507 colwmn, 6 X 57 odd. Ushaped glass cohung pitchid '
with 1.5% OV-17/1.95% Q-1 on 100/200 mesh Chromosorh W, LP 200°C; indet
210°; carrier gas, nitrogen, 40 psi; flow-throngh detector, 80 ce/minnte, 20 e/

v seavenger plos 60 cof minute carrier gas flow.
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POLYCHLORINATED B 485

Recovery Stomes

Recovery studies were completed using the Tollowing methods for control tis-
mos, plasi, and 18-hour wrine and feces collections, “The fortili

o evel Tor
cach type of swnple was the mein coneentration, with the exception of fat, of
Aroclor 1234 Tonnd for that sample in Experiment C, Fat samples were fortified
with 100 ppyn.

Tissues (fat, liver, kidn
e hexane extract prior to lig

Plasmi: Aroclor way acded direetly to fresh plasma, thoroughly mixed using
a minisngixer, wnd allowed to equilibrate overnight wnder refrigeration. Samples
were then treated as mentioned in methods,

Feees: Arocdor was added direetly to pulverized dry feces and treated as men-
toned in methods,

Uriane ( three slighty difevent approaches were used ) :
Now I=Aroclor was added to 1 b of isopropanol, then mixed with a solation of
wine and water (10 ad + 15 mb) and amalyzed
ruclor was added 1o a hexane ext

brai, and musele): Aroclor was added direetly to
d chromatography.

mentioned above; No. 23—
et of 10 ml of urine which had heen prepared
a mentioned abover Noo 3—Urine (3 ml) was added to a known guantity of
Aracdor in a 13-ml contrifuge tube, mixed on a minipixer, and allowed to cquili-
brate at romm temperatuee for 16 howrs, Urine was extracted three times with
Ful of hexane: the hesine extraets were combined and evaporated to 0.3 mi,

RESULAS AND DISCUSSION

Ront vely, this Taboratory operates dual chianned solid state electrometers at a
sensitivity of 4 X 10 ™ s full seale which permits the detection of 10 to 30
picograms of the more conanon eldorinated hydrocarbons, There was a significant
dilference between the response characteristios of the Aroclors as compared to
the chlorinated hydvocarbons, To achieve a representative gas chromatographic
trace, at deast 350 and 490 pg of Araclor 1254 and Aroclor 1260 were required, A
wn chomatowram illustrating the diffevence between the electron-capture ve-
spenses characteristios of these compounds as compared to chlorinated hydrocar-
hons is shown in Fig. 1,

EXPENENT A

Pata resulting from clectron-capture analysis of plasma and tissues in Experi-
wenl A are prosented in Table [ Quantitation is an approximation. In all cases,
the peak heights (in nm) of all PCB components were smmmed for the respees
tive stancdard at a given picogram guantity injected. A response factor was deter-
wined for ench standard in pg/oun, For cach sample, a smamation was made of
the total response (in mm), and the product of this times the response factor cal-
wlated to give picograms of PCB or PCB-derived material in the sample. When
the gas chromatogrims for the sunples were compared with those of the Aroclor
stalard, there were no yerurrences of the general Aroclor pattern. Some peaks
luadd completely disappeared. This was also true for each of the succesding studies,

Altheugh the dosage level of Aroclor 1260 was twice that of Aroclor 1254, the
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Fro. 1. Gus chromatograms for Aroclor 1254 and chlovimted hydrocarbon standards, (A
plot of detector response vs time. )

TABLIE I
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POLYCHLORINATED BIPBENYLS 487

mean storage levels after 24 howrs were atially the same, Considerable vari-
ation i the storage devels was found ineach group, Dilleving absorption rates
from tue gt amighl aceonnt Tor the virdation in levels fonnd; variation was highest
in b tat and Jowest iy the plasioa. According to Tlayes (35), acute dosages,
such as the one given here, do not rosult in storage, but rather in a flooding of

the nygamism,

JEXpERI - B

Only surviving rats were analyzed in Experiment B, Five of the ten male vats
dicd—one on the Jast day (day 98), and one cach on days 85 and 56 and two on
day 30, Eight of the ten female rats dicd—one cach on days 89, 80, 47, 41, and
35, el three on s thtree (13) fed male albino rats 1000 ppm
Aroclor 1254 and reported let) ts to none of 8 by 14 days, 1 of 5 by 28 days,
3 of 4 by 43 days and 4 of 4 by 33 days including a 21% reduction in food con-
sumption. All smevivars in Expeviment B appeared 10 be normal; however no in-
erease in weight was observed in surviving males after 84 days of dictary intake
and after 77 days for swrviving females. Food consumption for dosed mades and
fomales was 66 and 647, respectively, of consumption by controls,

Data from clectron-capture amalysis of tissnes ancd plasma are presented in
Table 1. Vhe variation in the concentrations of PCB in this experiment, as in Ex-
prriment AL i Jeast in the serum and brain and highest in the muscle and fat,
A significant dillerence hetween males and females was not found for storage of

TABLE 11
Ehruimeries oF PCB-Dioves Moveona, Fouan iza 98-y Exeosvie mo 4
Ay LEVEL oF 000 PPN Arociow 1234

Males atles
(ppen (ppany Mules vy Femnles
Plustin
Menn v I8 Pp > 050
sE + 1 A
TEEN TS p> 050
S| + aTR a7
Mnsehe
Meun [N T p> 020
" ™

Menn p > 0an
NI +

Bonin
Mean 1 o p >0 A0
Rk t I 2

Kichery M Y] p >0 50
M t o )

Liver
Mewy 210 p> 020

(3]

St
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ARK CURLEY ET AL.

Aroclor 1254, 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 enbancement in storage exceeds the greater Tond intake by females,

The absence of cortain peaks in the Ayocdor standard when compared to PCRB-
derived materiad in the samples beeame more dramatic in this experiment as
compared to Experiment A, Generally, the percentage of matcling Aroclor peaks
found in cach tissue was as Follows: plasma 814, fat 744, brain 664, liver 814,
hing 639, muscle 624, and kidoey 38% These differences conld be attributed 10:
(1) selectivity in storage for cach tissue; (2) enzyme activity resulting in some
form of metabolism; (3) exceretion favoring some isomeric lorms as opposed ta
athers,

ExeennmNT O
The data from the analysis of tissue, pla and exercment obtained aceording
to the schedule outlined in Experiment C are showns in Figs. 2 and 3. There is a
steady hiildup of Avoclor in all tissues, while the exeretion trend s gquite erratic.

ﬁ..\-‘< - 4 § - 4 - —_— -—
| {r”/l_/_o-/

T
|

TonoE [ L]

e 200 Distvibation of PCB-devived materia) i tissnes and plasis ot rats on 2 dictarn
level of 100 ppan Arocor 1251
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POLYCHLORIN AT

TIRE [

Fua 30 Concentration of PCH ad PCBederived nnterind in feees and urine fiom raits on
walietary level ob 100 ppo Avoclor 1254,

The eserction trend may be due in part to the discontinuous collections; there-
fore, these results reflect only the exeretion pattern at specific times, The residue
levels observed in Experiment B ereated some doubt that levels observed alter
the s dietary intake were representative of steady state values for Aroclor
1230, Haves (33) states that DDT fed o vty at o constant rate is inereasingly
stored in their fat witil it renches a platean, and on a dict containing 200 pp or
less this platean 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 ppmin the dict
for 90 days to he 525 and 31 ppm, respectively, while male rats on the same dict
fur 140 days had mean concentrations of 508 and 42 ppm. A miximum concentri-
tion in liver, Kidney, and hrain is achicved within a few days for o dietary level
of 1008 ppae (35).

UNEN

I 1) Axn @S
Results of Experiment 1 showed that rats on the same dictary lovels storcd
more Aroclor in their tissues ajter 240 days than at the end of 58 days. The 240
day gronp showed no significant diflerence in the quantity of the PCB-derived
waterink fomnd in the wine hut showed significantly more PCB exereted in the
feces, ’
Analysiv of tissue, plasma, and exereta from Experment B indicates that
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490 CUNLEY ET AL.

Aroclor storage, like DDT, is direetly related to the daily dosage. However, the
poiuts al which equilibrine storage is achicved we yot o be detenmined,
At dictary Jevels of 100, 00, and 800 ppa for 2 years (37), the mean values of

YT stored in the fat of rats at equilibrivm were veported as 93, 1028, and 4200
ppm. respeetively, The concentrations of Aroclor 1254 found in the fat abter 20
days at dictary levels of 100 and 500 ppa were 1101 and 10,021, respectively
Conerally, the levels of DT stored in the fat of male 1ats alter 180 days are
cepnivalent to Jevels after 2 years (37), although there is some reduction in DDT
storage bevond 2 yeurs. Fhese Jevels in the Fat ilustrate the vast ditferences in
storage at the steady states for these two compounds, and the vast differences in
their rebative toxicities and/or lipid solubilitics. (The brn concentration, rather
than fat concentration is a better indication of toxicity ) (38).

DDT storage can be reduced if exposwre is reduced or discontivned. Lang awd
Fitzhugh (37) found retent’'on of 50-737 and 254 of DT in the fat, 30 and %
duys after discontineing dicts containing 5 to 50 ppm. After 38 days on s dictary
level of 100 ppm Aroclor and a recovery time of 71 days, $07 of the concentration
in the fat remained, Elimination seems to parallel that of DDT.

These data indicated the coneentration of Asoclor found ot Ume of sacrifice to
be v the following orders fat > liver 2 feees > Kidney > brain > plasin 2
urine. The avder of storage for tissues and plasma scems to parallel lipid content
Fecal exeretion exceeds wrine wxerction with Aroclors as it does with DDT ad
ather ehlorinated hydrocarbons,

EvaLuaTmiox oF Metnon

The efficiency of the sitica gel microcolumn and the extraction techniques ene
ployed were evidiated by determining the recovery of Aroclor 1254 from in vitra
fortification. Recovery data for all samples cluted from a silica gel microcolunn
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
aceeptable level with the exeeption of wrine, Recoveries of DDT from human
using liquid-liquid extraction technicques hive heen reported by Caeto awd
Biros (28) and Cranmer ef al. (29) with recoveries of 72 wd 96%, respectively,
In bath instances, their extracting solvent or combination of solvents was more
polar than hexane, Fhe vecovery in approach No. b oamd possibly 3 might he
attributed to the partition cocfficient of hexane in an aqueous systen. In order to
evaluate this, reciprocad povalues were determined using the technique of Bow-
wan and Bevoza (30). The average of triplicate analyses gave a reciprocal p-valie
of 0764, or 76,44 of the Avoclor was partitioned into the hexane layer from the
agneons system. This value agrees Favorably with approach No, 3 but dues not
account for the 174 differencee inapproach No. L Zitko (20) states that he found
fractionation taking place when cmalsions resaling from mixing Aroclor 1231
with water were broken by centrifugation. Gas chromatographic analysis of a
hexane extract of the supernatant showed it to he vicher in the lower chlorinaed
biphenyls than the original preparation. This varicd with batehes ot Arachw
When a prak-for-peak comparison was made, whether in wvitro fortification o
pevalue stidies were being considered, recovery was generadty Tow for all con-

MONS 082098




POLYCHLORNATED HIPHENYLS

TABLE 1T

Iheovery av I Vv Fowepene vios or Covenet Sastetes wirn Anwocron 1254

Fortified Pereent
Tisstwr Weight (ppm) AR 1254 revovery”
Plawma 2.4 (X s 6

Fnt 250 100 N2
Liver SO0 @0 4.8
Munele 300 40 031
aun ERY 100 4
v Laun KR 00 &
(L}t [EMH N
{Appranch 1,20 [(N] (1]
0 114.0
(N} 7.0

« Plsonn, fut, Jiver, musele, | kidney, feees of 4 4 inations, wnd urine X mens

of duplicnte determiinations,

stituents, and the average recovery was reported. Low recovery from the wrine
wis profably due to the extracting sulvent. The values reported were not cor-
recte:d for in citro recoverics,

Although pp'- DT and pp-DDE were determined at the 0.01 ppm sens
leved in Biver from s control rat, the degree to which silica gel removes interfering
moicties from tissue or exercta exteacts cannot be determined at this time. Before
andd after elution from silica gel there usually was a marked difference in the ap-
praranee of the extracts depending on the weights of tissne and exereta ased,
(Liw and Gocrlitz (39) report the suceess of pigment removal with siliea gel
from water samples.)

Musele and plasima were the least allected by Tignid-solid chiromatography and
coukd have been analyzed very easily without this treatment. In fact, for the con-
centrations of Aroclor found, wmost of the samples could have been analyzed
withont any cleanup, taking into comsideration the problems associated with
columm and detector contamination,

Alter cution patterus of Aroclor 1254 were established, 10 ml of henzene:
hexane were not regnived for quantitative clation of PCB, in fact, only 4l were
rerptired. This saved tine in subsequent analysis. The elation pattern of Aroclor
1234 was unchanged at the Jortification levels mentioned in Table 111 The Aroclor
1254 standurcd that was chr ographed simultancously with cach bateh of
sinnples analyzed had a mean recovery of 1044 with a SE of £3.1 for 23 samples.

ity

Inrenesnexcy or DT wrrir PCB ANALYsis

The presenee of PCBs, DDT, and DDT-ike woictios in samples presents
n problem hoth qualitatively and quantitatively during analysts. Initially, samples
of liver and fat from control rats for each sampling period were analyzed for DDT
and itx metabolites; swmples were taken from the oldest control rat in the study.
These tissues nxually showed measuralde amonnts of DT, DDD, and DDE. The
vithaes for Jiver and fat, respectively, were as follows: 2.p-DDT, 0.046 ind 1.366
PRI P DDD, 0,036 and 0.346 ppm; p.p-DDE, 0.016 and 1.098 ppn.

Sinee prefiminary evaluations showed liver and fat storage of PCBs to be a
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192 CURLEY ET AL,

minimum of 10 to JOO times the above mentioned values, interference was con-
sidered to be nonexistent. However, theee possible approaches to separation of
PCB and DOF-like wmiterials withont any chemical degradation of the pesticides
concerned were eviated, Thin-layer chiromatography was considered first. Using
silica gel Gand essentially the technignes as ontlined by Walker wnsd Bevoza (38).
both Aructor 1254 and Aroclor 1260 in the presewee of the chlorinated hydro.
cbuns, pp=-DOE, pp-DDT, op-DDE, op-DDT, dickdrin, and heptachlor
eponide, moved with the solvent front. Using pular and nonpolar mobile phases,
the RE values for PCBs and p,p-DDE were identical and not yesolved. This can
possibly be used in confirmation and identification of Aroclurs,

The twao othes approaches utilized columm chromatography. Florisil was used.
as proposed by Reynolds (32). PCBs are cluted  from the columan with
hexane, while other chlorinated hydiocarbous are cluted with o dicthylether.
hexane mixture. Reynolds evaluated Florssil with o mixed standard of Aroclor
1254 and o chlorinated hydrocarbon mixtwre containing lindane, heptachlor,
alkdrin, heptachlor epoxide, p,p-DDE, dicklrin, p.p-DDD, and p.p’-DDT. Aldsin
pp-DDE, and heptachlor are cluted in the PCB - fraction. Alhowgh these s
ticides were not sepawated, this approach might still be acceptable sinee aldrin
and heptachlor are seldom found in environmental samples in their anepoxydated
forms, However, whon an attempt was made to reproduce the work of Reynolds
using PR grade Florisil, & mixture of Avaclor 1254 phas the chlorinated hydro-
cachous, lindane, heptachlor epoxide, dickdring pp-1DD, pp"-DDE and pp-
DOT, measarable quantities of pp-DIDT, pp-DDD and Endine were fornd in
Fraction ), ie, 66, 10, and 327 of the total, respectively. Reynolds does not men.
tion the quality of the Florisil although he does mention how it was handled, The
prabilemy, however, seems not to be related to the grade of Flosisil. Bevenoe and
Opata (33) have presented data using both qualitios of Floyisil and were anable
to reproduce the work of Reynolds, There is some disagrecment between the
fractioning pattern of Bevenue and Ogata (33) and the one observed in this
work. This conld probably be due to the quality and treatinent of the Florisid
Those problems suggest that the elation characteristies of Florisil should b
evalated before nse for separating PCB and DDT.

Armour and Bieke (34) used o columm of silicie acid (treated) and Celite 345
The cotumm s cluted st with petroleam cther Tor PCBy and then with a mixed
solvent system of dichloronwethane—acetonitrile=hexane (80:1:19) for the el
vinated hydrocarbons, This system was evaluated using standards at Jevels below
those that would he expected in envivonmental samples, i, 0.5 ppm Avoclor 1234
and Arocdor 52680 and 0.8 ppm y- and feisomer of BIIC, heptachlor cpoxide,
op” DD, pp’-DDIE, dickdrin, pp-3DD, and pp=-DDT, Separation has beew «
probiem with the p.p-DDIE; Fraction 1 contained 204 pp’-DDI with the remain.
ing 80% in Fraction 2. Although some recoveries were dess than 85%, all other
pest'cides evaluoated were only found in Fraction 2. According to Armonr aml
Burke (34) the clution pattern can be altered by the water content of the silios
acid, The first pesticide to be allected in the gronp of componnds that were oacd
to shaw the changes was pp/'-DDE.

The fact that there was not a complete peak for peak mateh between stored and
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494 CURLEY ET AL,

sereted PCB and the dietary standard s not new (Fig, ), Whether thi
evidence of metabolisnis vet o he determined, These dillerences were sucees:

Tolly demonsteated by dectron capture gas=tieguid chramatogeaphy and gas chiso-
atography- spectrometry in that there were changes in the relative alnm-
dances of some of the components of Aroclor 1254 in fat and the wrine samples.,
This has not yet heen demonstrated in any other tissue

The mass spectra showed molecular jons at /e

L 323, 358, and 392 con-
taining Cl,, CL, CL, and Cl; isotopic clusters in the Tat and 234, 288, 324, and 358
i the arine, Two additional ions which were observed in the wrine only, were
mie 304 and 4035, These ions containedd the Cl isotopic cluster

The preses

of waltered Aroclor in the feces may be indicative of Tack of
absorpton; this was the only sample that showed no alteration when compared
to stanckard Aroclor 1254,

The neutr

wrinary everction pattern was guite the contrary to feces, This may
in part be due to a solubility phenomena which Zitko (20) enconntered when
working with PCB and water. The situation of Zitko with cither neine or aleohol-
water mistures under in titro eomditions was not reproduced. Under in gico con-
ditions, there may be selective solvation of certain constituents of  Araclor
Setected samiples of urine were analyzed by gas chromatography using the clec-
trolvtiz conductivity detector in the reductive mode, The presence of ldoride ion
further subs el The retention times of these components compared
favorably with praks in the Aroclor standard.

CONCLUSIONS
it is hoped that these data will clucidate some ol the problems inherent in
studying the polychlorinated biphe
between the residue Jevels reported
patholo:

s: and that some correlations can be found
and the LI, determinations inchiding the
al findings to be reported iu a her publicat.on by Kianbrough ¢t al.
(-H)). There are some basic generalizations that can be dvawn from the data
presented:

(1) Following dosa

re with Aroclor 1234 or 1260, whether acute or ¢wonic,

residue amounts can be detected i all hody tissues, nids, and exerement.

(2) At the same dosage level rats store muore PCBs than DDT,

(3) No signsficant dfferenee iy apparent in the storage of PCBs by m
femate vals when fed the same dictary levels

() Polvchlorinated hiphenyls are stored prinarily in adipose tissue,

(3} S'mee there was no recarrence of the general Aroclor pattern in the gas
(‘hrmn:lhlgr:lmx or total jon current traces of the mass spectrometer between
the Aroclor standards an:l components observed in the fat and urine, pos-
sible metabolism vr differential absorption is suggested,
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