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& The adsorption of PCH's from synthetic aqueous solu.
tionn and raw sewage has been studied on a variety of ad-
sorbents, including setivated carbons, pulymeric rer
polyvinyl chloride, and polyurethane fosms. The carboms,
foamn, snd XAD.2 strongly adsorbed the PCH's from aque.
oun sntotions but weze much lens effective in raw sewage.
The PVC, however, was very effective in raw sewage. A
small-scale treatment unit war designed to demonmirate
the feasibility of removing PCB's (rom sewage by this
method.

Polychlorinated biphenyls, PCHe (tradename “Aroclor™
in North America, are ubiquitous persistent ol
the environment with adverse scologics!
effecta (1). Bince firn being imroduced in 1979, they have
hed widespread application in the elocirical, paint, paper,
and plasties indusiries (2) and have scen extenslve use an
hydraulic Muids and pexticide sdditives. It han hean enti.
mated that the tola! world production during the pat 45
years has excecded ane million tons, of which about 400 000
tons have been relosned 10 the environment (3). Concerned
for environmentsl quality, the Monaante Co., the only
Nurth American producer of PCBe, restricted sales in 1971
wyatem applications such as electrical capacitors
rmers; however, it nm hnwn how many
PCH-comtnining terma imporied, B

atrictions, significant quantities of rclh are stil relensed
into the environment.

For reasons that ate not fully understood, raw municipal
sewage often containe appreciable smounts of I'CHs, For
example, raw sewage entering the Hamilton Sewage Treat-
ment plant containe on the order of 10 ppb PCH |mainly
Aroclor 1264 and 1260 (4)). Connidering Hamiitow's flow

rate of 200 X 107 |./day (52 mgd), this influem concentra-
tion coeresponds pprutimately one metric ton entering
the plant annuaily. Concentrations of PCBa in sewage from

other cities in lmllbem Ontario, while not as high es that
from Hamilton, are nevertheless suill significam

The physical chemical properties of PCHu.. i.e, low
vapor prensure, Jow aqueous solubility, and chemical inert.
nems to watet, acid, alkall, and hest make them extromely

i

¥ nuclevs but only about half thet number are utmuﬂ)
possible. The number of PCHa occurting in the enviton-
ment s of the order of 30-40 (7). The main contrilutons
are the varloun isomers of pentachlorobipbenyl (Atuclor
1384), hexnchlorobipheny! (Azoclor 1260) and, 10 # lesser
entent, teichinrobiphenyl (Aroclor 1243). Rowevor, sume
lower chlarinated isamers are present ar a result of limited
degradation. Degradetion usally proceods vis surcemsive
dechlorination prior to Lreaking of the stabie aromatic bi-
phenyl structure (),

The low solubility and hydrophobic nature of the chlori-
nated biphenyls make them relatively eney to adsorb from
aqueoun solution (6-8). The purposs of this work wes 1o
study the feanibility of extearting PCHe (rom raw sewage

by adeorptivn omto variuus medla. Husever, hecmine o the
varying nature of raw sewage. the advurption win first st
chog 1

sewage collected from the Hamilton Sewy
plam.
FExperimental

The two atoek solutions of Arocle 1242 sudd 12°4 wery
prepared by vigorously mixing an exiess of enth Amlm
(Monsanto Ca.) with water fue & b, aliuwing the slition.
stand overnight b carefully decanting ot the 1ru
oun phate. The water used was double distilled, the
dintillation being from an all.glass sysiem The comenten.
tinn of Lhese solutione determined by gus chromntography
war 45 & 10 ppb, which is consiatent with the pudlinhed
uiuhility for Aroctor 1264 of 36 b (61

Al soh used were glasn.distilled pestickle grade
(Coledon Laborstoties Inc). The activated carbunn em-
ployed wers lignite based Hydvodarco 400 1At Chemical
Industries) and anthracite-based Filtrnsh 400 (Calgon
Carp.). These were protreated hy heating v 01 *C fur 12
mil Lwice extracting each M) g with

cted carbon wan then ﬂhend »
The polyurer foams used were DS
Supplics 14d.) and Foama 1115 e e
Ltd.). The first twu digitn relate 10 the dnml\ e, L1
and 2.3 1h/0 and the serond Two Vo the hardnew The
foarms were shredded and suecessively wached with # hey.
#ne (several times), scetone. and distilled water They were

1race organic contaminanta from the surfuce of the fonems,
‘The macroreticular polysiyrere cesive Ambwslite XAJL2
and XAD-4 (Rohm and Haax Con) were pretreated
cesnively washing each 500 g of cesin with 1.1 lwi
water, methanol, and water, The cleaned rexior wire
in sealed glass containers under methanod to 1
from drying out. Pulyvmyl chluride chipe (M
were washed several times with n-hexane and

T'n determine the adsorption charecteristics, 100-ml ali.
quots of stock Aruch solutioms were stizred vigormiy
with 8- 10 weighed amounts nf aduorbent for ¥ min The
quantities of adsorbent were chosen to cover the range
Trum | mg to approximately 1 g. After contavting, the sd-
sorbent wan removed by filtzation through u prefilier pad

illipore §.td ). Five millititers of 7-hexane were then vig
stiered with the filteate for 45 min and the: ueganic
extract was sithdrawn. These exiracts were anulvred with
gm chromatogsaph AVarinn series) equipped with an eber
teon-capture detector (NI€). The gan column (1.8 m X 1.5
men id.) wus packed with 4% OV.101 and #%. O\ 10 on
Chrumsorb W HI® 0/300 mesh. Nitrogen wan used ne o car.
rier gan at 50 mi/min. The injection port, column, and de.
tector temperatures were 250, 200, and 00 *C" respertively.
The amount of PCH ednorbed per unit weight of sdsorient
was then caleuinted and ploited o i
fibrivm concentration of PCH remaining

Wastewster wan collected frum the H.nnl«m Newage
Treatment plant at the rew sewage Inlet pipr Sampling
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war carried outl using slt-glars containers to ensure againat
adrorption onto container walls. The samples were stored
al & conxtant temperature of 3 °C and in all cascs were
trented and/or extracted within 24 h of collection, The con-
centration of PCRBx in the raw sewage ranged from 1-26
ppb but was usually between 5 and 13 ppb. In the evalua-
tion of PCB adrorption from sewage, the procedure de-
acribed previously for pure Aroclor solutions was followed
except that 100-m) samplex of raw sewage were slirred vig-
orously with the weighed adsorbent for 1 h and the adsor-
bent was neparated by filtration through a 60-mesh, stain.
lean ateel acreen. After washing, the screen did not retain
any raw sewage and, with the exception of aclivated car-
bon, 100% separation of adsorbent was achieved. The sam-
pies were then twice extracted with 50 m) of n-hexane in
BOO-mi separator funnels. The aqueous portion war din-
carded and the organic phase, after being dried through 15
& of NaySO,, was reduced 1o about 3 ml, using & rotary
evaporator. The sample was purified by liquid- solid chro-
metography on e florisil support column using petroleun
ether 1o elute the I'CB fraction and then the eluate was
evaporated to 3 ml (9). Prior 10 Injection of the sample into
the gas chromatograph, it war shaken with 0.2 ml mercury
to remove residunl sulfur compounds.

I'he PCHa in the ramples were identified by comparisen
with chromatogramn of standard Aroclors (Figare 1). Con-
centrations were determined from the peak height ratios of
peaks A, B, C, and D for Aroclor 1254 and peaks of K, F.
and G for Aroclor 1260. The minimum amount of PCI that
could be detected with confidence by the GC war 22 p/g in
a 10-pi injection. When we allowed for the increase in con-
contrations during extraction {rom the aqueous phase, the
fimit of detection in the aqueous samples was eslimated as
0.5 pph with an accuracy of £0.1 pph.

Results and Discussion

Adsorption data for Aroclor 1264 and 1242 on activated
lignite carhon, anthracite carbon, two polyurethane foams,
Amberlite XAD-2 and XAD-4 and PVC are shown in log-
log form in Figure 2. The weight of PCR adsorbed per unit
weight of adrorbent is expressed as a funclion of the equi-
librium concentration of PCB remaining in solution. The
error bars have not been drawn on Figure 2 an they distract
from the clarity of the data: In the worst cases, the diame-
ter of the error circles corresponds to about two-and-one-
half times the diameter of the marked pointa. These are in-
sufficient 1o linearize the isotherms. The sets of dm do not
follow any of the isotherm exp 'S
Langmwir, Freundlich, BET, and xo forth, and consequent-
Iy a theoretical interpretation of the resulia has not been
attempted. It ix evident that the two carbons and XAD-2
have the grentest adeorption capacities but a residuai con-
centration of leas than 3 ppb could not be obtained with
lignite carhon. Roth polyurethane foams appear to be good
adsorbers with relatively high adsorption capacities and
low resiciual Jevels. DiSPo polyurethane foam plugs were
also evaluated hut there had identical adsorption proper-
tien 10 the Goodrich fosm 1115. The lower efficiency of
XAN-4 ix surprising in view of the similarity between
XAD-2 and XAD-4-- they differ only in pore diameter: 90
A for XAD-2 and 80 A for XAD-4. The lower effliciency of
PVC can be explained by the lower surface area of this ad-
sorbent. The aurface area per unit weight Is reported as
K00 2000 m? g~! for carbon; 750 m? g=* for XAD-4 snd 330
m? g~! for XAD-2 but only 2 X 10-* m? g} for PCV
chips, there being no macroreticular structure in PVC. This
Rives an aren ratlo XAD-2/PVC of about 10,

There are two complicating conditions assaciated with
adrorbing PCRa from raw acwage rather than synthetic
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aqueous solution: Sewage contains other hydrophohic or.
ganic matter that competes for the active sites on the ad-
sorbent and much of the PCH has already aduorbed anto
the suspended solids by the time the sewage reaches the
treatment plant, The second condition can eanily be dem.
onstrated by filtering rew sewage and monitoring the
change in PCB concentration. With typical raw avwage
containing 10 ppb I'CB, vacuum filtration through a Milli.
porc prefilter pad resulted in the removal of about 75w Tt
is therefore necessary to find an adsorbent that is not enly
rolatively specific to PCHs, but that alae has suflicien! al.
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Figure 1. Gas chromatograms of Aroolor 1264, Aroclor 1260, and
raw sewage
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Figwe 2. Adsorplion of Aroclor 1254 on PVC lignite carbon, antiva.
cite carbon, polyurethane loams, and Amberlite XAD-2 and XAD-4
Asterisk indicates adeorption of Arockor 1242 rather than 1254
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|.>;¢‘oorpllon of PCBs from Raw Sewage

% rce

Adsorbent adsorbed*
Lignite carbon w3
Potyurathane fosm 243
Amberkie XAD-2 w2
AmberNio XAD-4 0043
PVC 7344

“includos both Arociors 1254 end 1260 Daia sre sveraged over several
delerminations 1o minimize 1he variations in rew sewage.
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Figure 4. Percentage of Arocior removed as funcllon of time for
tank lests

finity for the PCBs such that the PCB-suspended solid
ium in reverned.

‘able T shuws the percentage of PCB (including both
Aroclor 1264 and 1260) adsorbed from raw sewage by five
different media. With the exception of the PVC, approsi-
mately 1 g of each modia was stirred with 200 ml of raw
sewage for 45 min; approximately 10 g of PVC were used
hecause of the lower surface area. T'o minimize the incon-
sistency of raw sewage, the data have been averaged over
several determinations on different days and with different
samples of sewage, The data indicate that PVC and XAD-4
are more effcctive than carbon or polyurethane foams in
terms of percentage of PCR removed from rew sewage.
This is somewhat surprising since the graphs for PCH ad-
surption for pure Aroclor solutions (Figure 2) would predict
the-opposite 1o be true. The likely rearons for thix apparent
anomaly are: The active rites on carhon are preferentially
occupicd by hydrophobic species in sewage other than
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PCBs and suspended solids adhere to the surface of carbon
and foam acting as a barrier to further adworption.

The above sesults indicate that PYC ia superior to the

other media for remaving PCBs from sewage. To demon-
strate the feasibility of a sewage treatment method based
on PVC adsorption, a smal)-scale flow-through unit was de.
signed, capable of treating about 3 ). of sewsge per hour.
The unit is shown in Figure 3. Each tank had a capacity of
approximately 4.5 |. and was equipped with a paddle and
baffle Lo ensure thorough agitation of the chips. Seven hun-
dred grams of washed PVC were placed in each tank. The
flow through the entire system was governed by the fevd
rate and this could be maintained at 50-60 ml/min (3 1./h)
by adjustment of the needle valve on the inlet line. Effluent
samples from both tanks were collected for analysis every
30 min,
‘The 50-60 ml/min Now rate was calculated on the basis
of a 1-h retention time in each tank. Earlier batch equilih.
rium experiments with I’V and sewage had indicated that
the adrorption equilibrium wan establinhed within the first
15 min of contact if sufficient agitation was emploved. An
arbitrary factor of four was then selected as a margin in the
transfer from batch to flow through conditivns.

Data from the flow through systeny are shown in griy
cal form in Figure 4. The cfficiency of the single tank u
dropped from 75 to 47% during the first 8 h of operation
while that of the twin tanks dropped from B4 to v, aver
the same period. Although the second tank resulted in a
4-9% better removal of the PCHg, the extru cost involved
with the two-stage process would probably not be justified
in a lerge-acale application. lRegeneration of the xpent PV(
was easily accomplished by successively flushing the chips
with n-hexane, acetone, and water. The acetone and water
rinscs were to remove all traces of hexane from the surface
of the PVC. The PVC was then ready for reuse.

In conclusivn, PYC is very effective for adsorbing 1°CHx
from raw sewage. A smail-scale unit has heen used to dem.
onstrate the femsibility of the method but more enginecring
design research is required to optimize the technigue. A
system incorporating continual addition of fresh chips and
removal of spent adsorbent would probably vield more uni.
form results than those illustrated in Figure 4. Further re.
search inta the regeneration of spent PV'C and degradat
of the recovered PCHs is currently under way in 1hi Inl
ratory. The PVC adsorption process should be equnily as
effective for treating concentrated industrial effluenis ax
municipal sewage. Where a point saurce of PCHB-containing
effluent can be located, there would be obvious ec 3
advantages Lo locating it prior to discharge into the sewer
system.
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