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; · . ABSTRACT . 
:;; . ':· . . . . ~ . . . ' j ~ ·' . . ' . ~ .. 

_ , .\rc)clor 1254 polydllortnated biphenyl (PCB) applied to !lfttreated 
(1.4 ... orpnic' matter) and H:zO~·trtattd (O.l~ Ol'JIUrle matter) Lake

. land sand •t rates. or o, 50, 100, lSO, ud lOO ppm caused lipiftClU!t 
r:ed-.dlo~ In ~t' plpeecl (Amanwluu NtTfl/luiU L.) &rowth at 

~ the hf&b rat""f apPIIeadon. Polyclllorlnated biphenyl dec:rWed plot 
helaht In .... H;O.-treiiteci iOn much more tban In the' IIDtiuted sou. 
::A pier dKiu.e ID drf weight ' aiSo . ·rtiUJtec~ 'l.d the H.01·treated 
:.tioll;. but oiltY 'at the lOO ppm rate; · In one. niuiy, Soli wu anulnded 
:..;silt D.ontmoriUonlte claY and orp.nle ·matter (peaty mdek) at ratea 
~'of 0, :Z;s, 5,0, ·iWJ 11).0~ by we!pt and treated With 200 ppm PCB. 
(The: or&.nie• matter pioYtd. to · be much more etl'ectlve ·:c~an'· mont· 

· Ill reduclni PCB tOiddty . to piliweed •• the lower ra~ · 
(2.! and 5.0~). but no~ were noted l).etween · 

tbe 10* nti: AdaOrpuoo of 1~-tabeieci PCB 
. . 12.54 by tbe1 imtreat.ed llll.d HIOI-treattd 

:mc•otJ:aornlolllfte clay, orpnk malt!M', and ac:tlvated carbon was 
ot bJRltest' tO 

1l0West aibotpdon Willi 1111' foll01fs: 

.!£!~·~ . ·· · ~~r~r::~::il~!nrizn::~::~:e: 
(that oioPmc 'matter c:ontent or a wil, •'and clay tooteot to a lesser 

. chient';· 'are'~. iD"mluan&•die ' mtrability oe son-applied PCB 
~tci"Pi~: nurereom ·.n tedacticiD' orPC8' toi1city' to 'piP-! are '" ·. 

.. · aplatned by differences In adtorpdon by the adsotbents. 
. · W3~ · '(~P-: ".!.1 ,~:: ·~':!":12 ·~ :.:.:1 '! ;., ln~·n-: ···~v·:- : : '.:: · :..: ':-~ :! ·,.-··. ~· :· ·· · .~~ 

, .. ·. ~~h~=~t~.~~~rf~~~~L~~. ~~t, PCB 
f;orr~·i4~"; ·v~~ s·;..w-j.-1r(, .. ~~ 1~~ ·t. ·~..! n::f~~tl'~, !~·! J'".!.l ~ - ~ ~ · ~ . , ~. ~ . :: . ·" •·· • • 

. · lStreki H;.tJ ;r,and 1.1 B~ .' :Wc:ber:>l982.:~sorption and reductiQIJ in 
· ;.bioactivity at polychlorinated biphenyl (Aroclor 1254) ·to .redroot 
·'pigwc:ed l>}( soil Organic mat~r '8nd montnii;.ruJonite .c:.lay . . Soll Sci. 
tSoc·;·. Aixk J:·46:318-322. i ·.'J Jo., ... , · . . ,,~ 1 · ·: .. ' .•r ;: . " :" , .• 

is primarily dependent upon organic matter content 
(Weber and Weed, 1974). For example, phytotoxic 
rates of trifluralin applied to 10 soils varied directly 
with the organic matter contents of the soils (Harrison 
et al., 1976). Polychlorinated biphenyls would be ex. 
pected to behave similarly due to theiT nonionic na. 
ture, l<?W water solubility, and demonstrated affinity 
for act1vated carbon. · · · · 

The adsorption of PCBs from aqueous solution by 
soils has been demonstrated (Haque et at., 1974). Soil 
organic matter content.seems to be the most important 
factor influencing PCB adsorption by soils (Haque et 
al., 1974; Haque and Schmedding, 1976; Scharpenseel 

(et al., 1977a, 1977b; Lee et al., 1979), alth~ugh specific 
:surface · area of all soil colloids may also exert con
siderable inftuence (Hiraizumi et al. , 1979). The de
sorption of PCBs which may give some indication of 

, their . .biological availability in soil has been reported 
·to be relatively negligible (Haque et al., 1974; Musty 
and Nickless, 1974; Steen et al. , 1978; Hiraizumi et 
.al., 1979; Wildish et al., 1980). Th{ mechanism of PCB 
, adsorption in soils has been suggested to be physical 
(Lee et al., 1979). · · 

The purpose of the research ~¢ported herein is to 
deteinline 'the inflt.ience of natural and added organic. 
matter, as well as montmorillonite clay. upon the tox
icity ·of soil-applied Aroclor 1254 to redroot pigv.reed 
and adsorption of the chemical by these adsorbents. 

. ,i ,: .. '• 

MATERIALS AND METllODS 

Plant Studies 
'·, . 'soU ~·~~,fin 'the e~~eri~e~is WaS tatce~ fro~ the ().. tO 15-
CRl depth. of the A horizon of a virgin Lakeland sand (Typic 

'QJlarlzipsani.ments; siliceous, thennic, coated·; pH 4.0; ca
'tio~d;xch&ilge capaCity: 1.5 meq/100 g; 1.4% organic matter. 
5%. clay, and 6% silt) obtained from a Johnston' County, 
North Carolina site which· had not been . subjected to agri
cultural practices for ·at 'least 40 years (Table 1). The soil 
.was air-dried and sieved. through. a 0.5~m screen prior to 
potting. Plants were grown in 186~mJ styrofoam pots con· 
taining 150 g of soil limed to approximately pH 6.0 with 
.CaCOl. A , portion of this soil was treated with hydrogen · 
p~~~~~ . ~10:z) .,to remov~ the organic matter (Jackson, 
i ~ tr.~g, ; ~ ~~ ;_i,t"f "~ :. ~ :: , ,• :·,·''. I # ' ~ ; .... • .. . ~ .f· t~ ... ~; : ·. ( , • , : ;, ' 

;.·~~ )-~ ~)rl ·~:. Table l~Propertiee of aoflllaud adsQrbents. · . · 
.. !Ji f:;r~t~ · 1 ~r~~ ~·: .; : ; .' ~ ··.: ··,: ~··:r: .. · .... :·.J :: .. ·. ,_:. r :.~ : ~ - , · ~· -· Relative 
··•r"*J: •( f t• .,. ,. ·, .;;c· ... . , . Or..,.nic. ' ; .. Spec:ific ., . ,·, · ; ...... ' nmklngof 
~~~t\;. ;-;·~~ ;~~ matte!:( ' ~UrfaceareU · .. . , ~A.~§ · adsorptivity 

>:~rtrJ:: ::u ... rr .;. i ··· % ·~ i .· :m•r, .-;,i · g , 

'Activa't";;cfC.rbo'li. · . . . . 100 • i 462.18 • ; 
.Peatymuckorllllaic· · ·· : 

matwr ~ ~ 92.2 
Montmorillonite · 1.6 

·Lakeland sand · · • · l.4 
.H,O,..tn.ated -.: •. ,. , ·.·~ '• ·: ' ·, ·: · ~. , 
,, Lllkela!>'ha.nd . 0.2. , , 

1.23 
62.97 
0.41 

0.62 

0.002!1 
0.0210 
0.0800 

. 0.3300 

~$2 
16 
4 

1 

-lDetemiirisdbyublngat4oo•c . .~.: ·'· . · · . : · 
·'f De~ by N,11dsorption tQIIC~Dtachrome Quantasorb Surface Area 
- .· Analy~t • .. ; . · ; , . • · . . . 
'§ Amount.ofadi.orbont necesoa&yfor 60% adsorption of PCB using eq111· 

· r:librJum con~tratlont o166,80 to 62.61 ppb. • ' · .. 
. ·.·.>.;·· ·>~-~ ~· t ,f4 (i ' . -:~ .. ~- -J· ·. :~ - · ~ · .. ,, 
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1958) and potted separately. A peaty muck (Histosol, pH 
3.4), obtained from near Pantego, N. C., and a Ca-saturated 
montmorillonite clay (Volclay from Panther Creek, Miss .• ) 
were each added separately to untreated Lakeland soil in 
increments amounting to 0, 2.5, 5, and 10% of the total 
weight and then thoroughly mixed with the soil. 

AnaJytical-grade PCB (Aroclor 1254), obtained from the 
Food and Drug Protection Division Laboratort of the North 
Carolina Department of Agriculture (Lot AM 51 , originally 
obtained from Monsanto Co. in 1971), was dissolved in . 
pesticide-grade hexane to make the stock solution. Twenty
milliliter aliquots of the stock solution were thoroughly 
mixed with untreated soil and H,O,-treated soil at rates of 
0, 50, 100. 150, and 200 ppm, and the pots were equilibrated 
for 3 days to allow for solvent evaporation. A preliminary 
study showed that 200 ppm caused approximately 50% 
growth inhibition of pigweed in the Lakeland soil. Soil treat
ments to which organic matter and clay had been added 
were treated with 0 and 200 ppm rates of PCB. 

Pots were planted to Amaranthus· retrofiexus L. (redroot 
pigweed) and plac~d in controlled cnvU'onment chambers 
(200 Wx, 16-hour day, 30 ± 3°C) . The soil was maintained 
at approximately 80% field capacity and fertilized as needed 
with a modified Hoagland's solution (Weber, 1977). The 
plants were grown for 4 weeks, after which height, fresh 
weight, and dry weight measurements were taken. 

Adsorption Studies 

Untreated and H 20,-treated soils, organic matter, and 
montmorillonite clay as described previously were used as 
adsorbents (Table 1). In addition, activated carbon (Nuchar 
SA, Westvaco, Inc.) was also included. A ,.C-ring-labcled 
PCB mixture resembling Aroclor 1254 [specific activity = 
31.3 mCilmmol, obtained from New England Nuclear (Lot 
no. 872-193) , av~rage molecular weight = 326.25] was used 
for the studies. The labeled material was an isomeric mixture 
of 1'C(U)-PCBs, approximately 54% chlorine by weight, · 
having a greater Cl/tlipbenyl range than Aroclor 1254. An . 
aqueous solution of !CB was prepared by adding IO·ml of 
"C-PCB (0.1 mCil to approximately 2 liters of distilled 
deionized water in a glass vessel on a magnetic stirrer. Two
milliliter aliquots of each sample were added to a toluene- · 
based cocktail (16.5 g 2,4-difhenyloxazole, 0.5 g 1,4-bis [2- ' 
(4-methyl-5-phenyloxazolyl) benzene, ·1,000 ml Triton X-
100, and 2,000 mJ toluene) and radioassayed in a liquid 
scintillation spectrophotometer. Counting time was 20 min · 
or until 100,000 counts were r~ached, and counting effi· 
ciency ranged from 83 to 89%. Measured radioactivity was 
corrected for · background activity and converted to dpm. 
lbc: amount of activity in solution reached a steady amount 
lifter 1 week with minor decreases over time of < 2% per 
we~lc. Concentration of the PCB in the stock solution ranged 
from 66.80 to 62.61 ppb during the course of the experiments 
With one exception. In adsorption studies performed with 
activated carbon, the concentration was 55.55 ppb. 

Polychlorinated biphenyls arc reported to have a great 
affinity for glass and plastic surfaces (Zitko, 1970; Grcsshoff 
et aL, 1977; Lee et al ., 1979: Picer et al., 1979) and we also 
found this to be the case. The process of shaking 20-ml''C
I'CB standards reduced the amount of 1"C-activity in aqueous 
solution to an e~uilibrium level of approximately 58% after 
1 hour's time:. 'C-PCB which left the solution phase was 
assumed to have adsorbed to the glass surfaces inside the 
vessels. Adsorption studies reached equilibrium after 2 
hours , and only a 3% decrease in recovery was noted be
tween 2 and 6 houn of shaking; thus, a 4-hour shaking time 
was used. Adsorbents (air dried), in amounts ranging from 
0.001 to 1.000 g, were added to SO-rnl glass bottles containlna ,. 
20 ml of aqueous PCB stock solutions. t•c-PCB standards .. 

containing no adsorbent were used to estimate the · amouitt 
of PCB available for adsorption (that .nOt• adsorbed by the~ 
glass) and recovery ave1113ed 58.1 :t:, ?.0% .. The .amounts . 
of PCB adsorbed were obtained by .. su~ting the equilib-, 
rium concentrations from the concentrations of the stan· 
dards . Duplicate samples were' used 'in riilt cases. . " . ' 

. ~tatistical_. ':('r-;atme~t,. ~ ... , .- , 1 •. ,, : 

· Analyses of varlance wefe performed'~bn • the data using• 
various models for dire'"t and interaction .effects. Student' s . 
t tests between least S:quares mcatHI~ . mean) pain :were. 
used t~ dete.nniue ·-the':. signifi~~ce ,of jdifferences., Linear1 
regress10ns were fitted to expenmental data and thc . equa~ . 
tions which best fit the data were ·used' to describe there~ 
sponses. All effects arc reported for siiiDftcance at'ci' ';; · 5%. 
unless otherwise noted .... . .... - ... -.. -.;....-... ,, .• , .,, .. :,, ., ,._; , ,~ , ,,, t" 

' ; ·· • . . - ~~:· .. , P l '· · ~t . !,~ ! : ·. -~ i:.') ·.' . · ·:· .. '!i 1 
.. . , ~ ... · ... .. ; •. ' 

. ; , . . . RESill.-TS A,N.~; ~~~Y§~~.9f1:•~t; , , :. -.. ;, · :·r~ 
r .... :-· ; j ( , ·•· : . . • ,:' t -"-''"~ Pbnt Studies t~- ~·:~ .. ~ ~ ·, ;~~4l'.z~.l,.,, · ··~ - . 

·. , · . , ,, .. · · ·· -9M-l.M!~•j:~ '~l • . 4 'HI1 ; 'II\ .:'t 

Treating the Lakeland sand with . Hz02. for removal 
of organic matter substantially decreased its' effec-' 
tiveness in reducing the toxicity .. pfthe· Aroclor 1254 ~ 
(PCB) (Fig_ la and lb). The differenCes in plant growth 
attributable to H20 2 treatment was signfficant. _Despite 
the small absolute difference in organic matter content . 
between the two soils (circa 1.2%, see . Table 1), an . 

. apparent difference in PCB toxicity did 'occur. The 
organic matter X PCB rate interaction effect was sig
nificant only · for plant height, signifying .that the re- · 

' ; ~. ·· '; 1'\' :•j" .~i ~ i: .. .. 1'~- i ~· ~ ~f!J<':. ... .. ~ ... : ( ~· ;... : ;·: ... _-
..:.. ...... : .·. ·':'-

Fla. 1-Redroot plpeed arowth on an (a) UJttreated and (h) H10 1• 

araled Lakeland ADd eontalninl o, se, too, uo, *"d 200 ppm 
Arodor 1154 (PCB). · .• , . . 
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AMOUNT 01" CONSTITUeNT [g) 

Fi~~ 4---lnllueoce of montmorillomte day (e) and or&anit ~tte; 
. (T) amendments on to:dclty or 200 ppm soil-appJied Aroclor ll54 

· · (PCB) to Mdroot pipHcl. Standard -en'9r . barS are tnduded. 
··- ' ··· ..••. · .. • .:. . . •• •. _, ,i . . •' • .. : 

b~ii!. ":~.(;'i!;.. ... ; : :·.· ,. ·.·.·.:i :" f .• : , .. 

. J_·::ri"·;:.:. ::"-~~;· · .. ·.:~ ·~ .- ~ .. :-~ : .. ·. . . · .. -. .. · ... _j •• ·:·~--~--- .. ~; •• •• 

rates o( organic matter addition, pigweed dey 'weights" 
were significantly higher than the control, which ,:e,; 
ceived PCB but no organic matter or clay. In pots 
receiving no PCB, the dry weight };t.S means for the 
control, 10% organic matter amende.ti, and 10% mont
morillonite clay amended were 0.601, 0.516, and 0.727 
g; r~spe~tively. ·Significant differences in dry weights 
between the clay and organic matter treatments oc~:: 
curred at both' the 2.5 ·and S.O% iates of amendment: :. 
The· type :Of ~oll<?i4 .·. x amount of c_olloid interaction . 
effect was ~so sigriificant, .as .would be expected. At 
the -JO% rate of addition, the safening etfect of the : 
clay approached that afforded by the .organic matter. 
However, the dry weight LS mean of the 10% clay 
treatment receiving J>CB was slightly but significantly 
lower than the' 10% clay treatment·receiving no PCB . . 
No)ignificant dry weight reduction occurred for the 
c_o:fi.esponding P~B-treated plants . at _the I 0% organic . 
n1att¢r addition~·:~ Although the. affinity of PCB is ap
parently :gi:eater· for ; organic '·'matter .. than for mont~. · 
morillonite. :lilfinity to. clay is .stroiii enough to allow. 
a :correspon(Ung reduction in toxicity at higher rates: 
·-~~;;~,~;:;';/:'!;:_:~;; ~- i .' :. ; ·~ A~rption)tudles' · : : : :.: . 
··· In an ·.a~tempt to exp~~in differential · redu~tions in 
J>CB. tox1c1ty due to addtbon of clay or-Org8lllc matter 
to'the~sou; · thcr two soil treatments and three constit~ 
t ~."l.:.;U~1. 1~ t.;• ., ~j ~.r:, · ,,~ '."\. :·::: -~ tl :· · .: .• , ... -. ~ . . CL ;j~ ; .:."t · . ' ' . t -· •. ; 

: ~ ! !!itmh~~·.t;.!)""~ k ., :, _;~_,.~:: 

--~ 
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0 
o~.o~o~,----~~~o-,------~0.~,------~,~ 

AMOUNT OF AO&OII'IBf:NT (gJ , 

Fie. 5-.Ad5orptlon or 14C·FCB from aqueolU soludon by adtvatm 
carbon ( • ), orgftlllc ndltter (•). montmorillonite cllay (•); Lilke
lud UDd (0), and H,02-treated Lld<eiiiJid sand (e). (Amount or' 
IMborbent In loganthmic scale), 

uents employed for these experiments were used in 
aqueous adsorption studies with HC-PCB, which closely 
resembled Aroclor 1254. Relative adsorption was re
ported as the percent adsorption of available PCB in 
solution (as measured in standards) vs. the weight of 
adsorbent (log scale) (Fig. 5). As was expected, dif
ferences between adsorbents were highly significant 
as were increases in adsorption due to amount added: 
The relative position of the curves indicates that'~ ac
tivated carbon was most effective in PCB adsorption; 
followed by organic matter, montmorillonite, un
treated Lakeland !$and, and finally the H20 2-treated 
Lakeland sand . jl · · 

To develop a ranking of the relative effectiveness 
of each adsorbent for PCB, it was decided to calculate 
the amounts needed to adsorb 50% of the available 
PCB from solution (Table l) . Activated carbon so 
efficiently adsorbed PCB that adsorption never went 
b~low 92%, so it could not quantitatively be compared 
With the rest (Fig. 5). The use of the 50% value for. 
the_ remaining adsorbents is validated by the obser~ 
va~10n th~t the plots (Fig. 5) are almost parallel at thar 
pomt, wh1ch means that the slopes are similar, within 
a certain range. The increase in adsorptive power, on 
a weight basis. of the untreated sand vs. the H20 2-

treated sand was over fourfold (Table 1) . In other 
words, the loss of a component comprising only 1.2% 
of the total soil weight invoked a 400% loss in PCB 
adsorbing capacity of that soil as a whole. Organic 
lllatter, with a relative ranking of 132, was eight times 
more effective in adsorbing PCB from solution than 
was montmorillonite with a relative ranking of 16. Lee 
et al . (1979) concluded that PCBs do not adsorb to 
the interlayer space of montmorillonite clay, thus only 
the ext~rior surfaces are probably available for PCB 
~dso~tt_on. By contrast, orga~ic matter contains many 
1nterst1t1~ spaces capable of adsorbing lipophilic com
pounds ltke PCB (Weber and Weed, 1974). Hiraitumi 
and co-workers (1979) reported that the specific sur
face area of adsorbents as measured with N2 was a 

good indicator of~B~rete~ti~ri~bYi ¥s~rti.ept¥•tThel ·:· 
measurement does reflect the h1gh adsorptiYity(of PCBl · . 
by activated . carbon, and.Jmontmorillonite;?lbu~ .falls~ ... 
short:for torganic ·mattert. (Table tl).J.ln:·addition; ·PCB) 
~sorption by the untreated ·;Lakeland · soil : was fouq 
hmes that for the H~02-treated soil and yet specific 
surface area, as ~easure~. :by N1, was actually . .higherJ 
for the· Jatten It 1s apparcnv thanhc·.typer.Of surface·~ 

. is as impoi1a.nf'as .Ofhe:amount· of sutfa:ce: in~estimatingf i, . 

PCB ad.sOqjtion:l:rb~dncreased! adsorptivit>"io£1acti.:ca: . . . 
vated'r~on :·over.~ orsahl.c:tinatter; ~:catr!Jl~bli~lY, !be·r < ·•· " t; 
related ·to!a ' tremendouS'! mcreaserm1(sutfacelarelitofi ·: • 
the foryner and 'possibly; 'to a ~·decirea$ei in" hydrophilic' -' 
functiollal ·groups :>ffhese: data· suggest ·th'at~N{'sutfacet .. 
area measurements probabty ·do' not!inea'sureorelative' · 
adsorptive sites for PCB adsorption:.Activated carbon· 
was by far the most effective adsorbent for PCB, prob
ably explainin£ the greatreductions ~ in phY,totoxicity · 
and uptake or.:•c-PCB by~plaiiis .(Weber.an~: .¥fozek~) 
1979; Strek et al. , 1981) and 14C-PCB bioaccumulation,, 
by :.:goldfish·: (Shea''. eUaL·~~ n980) , observedi: byJiother 
investigators. 'J~ ;~ i-: !:!. i :Q :l:ni !Jnir'lHT ;~=.'<;IC : l'.K~i(l~: .-~:tt£~ 

·The difference in adsorptive capacity: fot PCB ·belt 
tween the H201·treated (A~ = 0.3300 ·g) and untreated· 
sand (A50 == o.osoo g) was'•probablYthe m~or'reason· 
for the difference in plant heights obtained from . the 
PCB bioassay involving the two treatments (Table 1 
and Fig. 2) . Similarly, differences between the, ad
sorptive capacities of organic matter (A~- '"'= .,0.0025 g) 
and clay (A~ = 0.0210 g) may account. for the different 
responses of pigWeed dr}l; plant ··:weigh(· produced in 
PCB-treated , soil' ~eatlijents (Tablc~' i }'· ' aru;J .. Fig'i; ~ 4). 
These data suggest that reductions in PCB toxicity to 
pigweed; were related: to' !ncteased adsorption • ~'Y' ~ar-
tous 'adsorb ts··· · ., :•, ' · · ''' 1 ' .. _ .. , .. • • f ...... .. 1<:1 ;L: " '" -· , en • . fl ·.r 1. • .. · :: ·:r!··w· ·tr :t ,,v;··' .. ! ''rl rl•:'rt ;-.: · 1 

· Activated carbon · and organic , matter probably · pos-
sess numerous liP.ophilic , ~ites ·from ~which the · PCB 
could not be easily replaced by water molecules or 
plant root exudates.'· Higher chlorinated ,biphenyls · are 
reported to possess a · higher.4 affinitY .:.for • soils ,: than 
lowe~ chl~rinat~d bipheny~s (Haqu,e'a~d :~s~riied,di!lg, 
1976). Recent work showed that stenc· configuration 
of hexachlorocyclohexane "(ci,f:J,'Y isomers) had a large 
influence .. o~ its adsorption 'to , soils. (Wahid· ·imd · Se
thunatban, . 1979);;.', ,Adsorption·, of . .'the . isomers . ~; was 
highly correlated to organic matter content of the soils . 
Howe_ver, following _ Qxidation of organic mattcrj, 'ad.: 
sorption varied between the isomers on the same soils. 
This suggests involvement of chlorines in adsorption 
to mineral surfaces by perhaps electrostatic attraction. 

Montmorillonite clay was only one-eighth as effec
ti~e in binding PCB as organic matter but itteffectively 
reduced PCB phytotoxicity to the pigweed. Polychlo
rinated biphenyl adsorption to the clay surfaces oc
curred despite the hydrophilic nature of the surface, 
probably because of the very low water solubility of 
the compound and in a physical manner similar to 
PCB retention by the walls of the glass vessels in 
standards used in the adsorption studies. 

CONCLUSIONS 
Natural organic matter appears to be relatively ef

fective in reducing the bioavailability of Aroclor 1254 
(PCB) to redroot .pigweed. The capacity of an un-
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treated Lakelattd sand (1.4% organic matter) to adsorb 
PCB 1 from: aqueous • solution :was . approximately four 
tiftles sreater than. that for, H10 2-treated Lakeland sand 
(0;2% organic matter). -This suggests that natural or
ganic matter is relatively effective in decreasing the 
bioavailability of PCBs. Organic matter was over eight 
times more . effective in adsorbing PCB from aqueous 
solution than was montmorillonite clay. This suggests 
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