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2 9. F#2%E polychlorinated biphenyls(PCBs)E AAY ¢ ol 7HeAl & Hrhstz] & YAt
o] 88k FAhgE Attt At X &l v|wA] AL PCBsE A5 o] Sl Asoclor 1242¢9] 4
8L 95% ol el o, B FAUAEE A14kE! Aroclor 12608 AF43) 3 75%2] &S vrehuligic)
BAH Ao)HE Pedoh} vl F2E 243 gl PCBse] 7|8kl o 7)Q1g} A2 HdFx
PCBs¢] $E& Aroclor 126094 2t e Aroclor 1242614 WA ol PCBse| SA L F2 Yl 72 o
so] 7] wj&oll, BAIvkel 2% HulFE PCBso] $AAQL F242 GRS A& 53l 54 ot 4
N F Y= AL vojEr) 4 44| E§-2 Toxicity Equivalence Factor{ TEF)S- s 4] 3§ ~}stdct.

ABSTRACT. The sorption kinetic was studied to evaluvate feasibility of removing PCBs from mineral oil
with activated carbon. Adsorption efficiency for Aroclor 1242 which is composed of fower chlorinated PCB for-
mulations was =>95%, whereas the adsorption efficiency for Aroclor 1260 having higher chiorinated constituents
was considerably lower with the efficiency falling to 75%. The observed difference in the adsorption efficiency is
attributed to the geometry of PCBs with non-planar and coplanar structure. The concentration of coplanar PCBs
is appreciably higher in Aroclor 1242. Since toxicity is primarily associated with coplanar congeners, the pre-
ferential adsorption of coplanar congeners by activated carbon accounts for the fact that toxicity reduction can be
achieved through this process. The efficiency of process was assessed in terms of Toxicity Equivalence Factor

(TEF).
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Fig. 1. General structure of polychlorinated biphenyl (PCB).
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Table 1. Toxicity cquivalence factor (TEF) values for
TCDD and coplanar PCBs

Congener TUPAC # TEF
2,3,7,8-TCDD 1.0
PCBs
Non-orthe coplanar

3,3'4,4' 5-pentaCB 126 0.1

3,3',4,4'5,5-hexaCB 169 0.05
3,34, 4-tetraCB 77 0.01

Mono-ortho coplanar

2,3'4.4',5-pentaCB . 118 0.001
2,3,3'.4,4-pentaCB 105 0.001
2.3,4,4' 5-pentaCB 123 0.001
2,3,4,4',5-pentaCB 114 0.001
2,3,3'4,4",5-hexaCB 156 0.001
2,3,3'4,4",5"hcxaCB 157 0.001
2,3'4,4',5,5"-hexaCB 167 0.001
2,3,3'4,4'5,5" -heptaCB 189 0.001

$E FolA 7 S0 27) dFol o] #A
TEFELS 1028 A 7|F28 4isken PCBsel
Wi ¢S TCDDell u)sl) Aeixel 5409 A g
viebie}

PCBs¢} Al 37 &Alal 717} oj3ko 2 Qs
A 1982y wlTol4| AR Toxic Substance Con-
trol Act(TSCA) #7-& PCBs®] Al4ke)u} AHgiq)
g FAAHE ol=]gt o] -2 Wty A
HolL PCBse A28 G A F/2 A=
v B2} PCBss}e] w2 of e Jubyg o 100~
2,000 ppm Fx 2 vl 373 P FA(US. Environmental
Protection Agency)e] T4 $-5(25~50 ppm)E- °}
2 oA oleh ! A AdE) ge 59 W)
=°[ PCBs3} w3 o4 Fi#& A3t 9lon
7ol AR o] H 2 qket

o] A7 7 PCBse| AAE Yz HEHer
AR 2e azhgel A3ty g4 e
AT b= o2 A EelA AA e gAg
9 F2& o83 AR Falw AdAdo]
ol F4 4 24 a2 environmental matricesel] )&
7133258 AASAY &L sl AAdS
23 glem] 53] PCBsE w435l 317 fol=llA
de] o] 8= e} ofr] ERE 23iH po-
lyurethane foamo)v} glass fiberol] H-Alx] BAJekg
Ao F2AA {7182 &% o environ-

mental samplesell 2l 2] 7}A)2] S G LA

Journal of the Korean Chemical Soctety



BAi<dell 2% FHul PCB Congeners] §2ell 3 ¥|i2 o+ 241

(pesticides, PCDDs, PCDFs, ¢tc)Z%E| PCBsE 2]
g 4 gled, o Yoyl BlHd TR e ¥
AT-2E 22 gl PCBsell s =& A9AlE 72
2 310} BY FZ2otg 2y L7} A o
o1} 5-443] PCBs?] #3] #<lo] &ol3ir}z A7
DEeck P 2 A3E el A $402 @
ek o83l $ellM Hed fol5Ee] obd
3B o2 AgiA 02 ] AMEe] & 5 7fe
Aroclor A A S (Aroclor 12429} Aroclor 1260)¢] &2
AEE Ffol e PCBs?] A -§%(100~2,000 ppm)
o 2 F3 TXAE o4 vn AFsialn
FIA e 2 3 PCBs®] SA4L 7HAas7 v AA
gk etk

4 #

EAAE. 25l 3l PCBsell o3 AdEry
FATEE grispr] HsA HEAeE Y
< AAEITE LE AYEL vl gL 3dy
23 e RS ol &3l ¢x e 49
Aers Felazel Yo ¥ PCBsE 298 #4
FeyA e Tt Eebaa ) EEE
YA A el 2R & o]-R-81e A AHA
E£Eo] 439t PCBsE 2938 #Ho T 100~
2,000 ppm WK, YAz DA#} AR
%9 #-5 o3l o] A Wk £ 2N E Hp
stdel. ol e AL YAELS 1 pm Whatman
A F o] 83l o Bfsled o, o]l FRE
Abdl] o] o] 41L& F AR el o]
28 A7k 443 2mltA] F3A7 F
48 dhshe 7 24 AlA3] S8 £
PCBs®] ¥HE $alA Aleizt A 3 ZrtE 29
ZA (5 cm i.d.X 50 cm long)ell =318}t PCBs=
AL B3] 22 ot £0lE o] &8 Azlvt
ARZRE F23¢o0], 32YL o]t &
ol 28 ¥ 271E AHAH AL kA oA 2
mL7HA] 5% s}

Al 2f. %A3eb(Darce, granular, 20-40 mesh)}2
Aldrich(Norit Co)2 %5 7]3lgc). ¥4t nE
Pl H)]12HE A A 8)7) $l3] Hol&42 ofg] M A
3leiy, s Eob 110°C 2B o] gfslgon,
olojA Az7|ol AA3dcth £ dolM g3
5 7379l A% PCB A|A| &3 M= PCB congeners

rlo wy e de

1997, Vol. 41, No. 5

(non- and monoortho PCBs)}& 2% a1 gl &%
2} zxeol folo 2 Ulira Scientific Inc.,, North
Kingstown, RIo|A] 9i3gict. ARg-€ S E(0l4
25, t]Z22 He, oHAE, A4 oM EYEY)R
BE Ab2a] SFo|dvd. Ale]z) Al(Davisil, Grade
923, 80~100 mesh}> Aldrich Chemical Company, Inc.,
Milwaukee, WIZRE] Fql3tich A2|7} 42 AH4-
sh7lel M AL F3iA oMM EHEIEZ v
BHviv 40:60) B L-01E o] 835k 73] A A3}
sdck AAH Ale]y)l AL 4847 S GEviE o)
22 B9l AR FeedA P72 AEAH LA,
5 Fot 130 °C 2B RAIA Zc). A 2
A7l AL RAz7)dA Al LE7R] Y7ssich

721 21. FZ&%)] gl PCB congenerse] #j ek
o 2L HARY &4 25 ARAAZ)Z F
g )3 = 2ele 13 (Model 8500 GC, Perkin
Elmer Corp., Norwalk, CT)Z s§3lxic}. 7} A1 8 PCB
congeners®] ¥-21 & ¢\ 95% vid 5% Ad &
g 242 AR A HyYA 30mx0.25
mm(i.d.}y 4§ A2]7} (DB 5, Supelco Inc., Bel-
lefonte, PAYS AFg3ldvt. GCx 27 &% Ab%
o g B 2% 2 aastsigich AW 2
% ARt E 10 ‘C/minE. 80 ‘CY-€] 180 °Coj.0 0,
o]JA 3 °C/min®] AHE £E 2 260 °C7H2 25 &
S7betdet. AE2} ok 2ol 10% ko] 41 2le
FHEL 9 shAg B3 7hAR AHESlsic) PCBs
2| azvtEads a5 vy 2554 PCBz
(pentachloro benzene)?] Ao o -5 A]7bel] 234
#elslgct. 2] 5l PCB congenes®] A& o ¥ 7]
Al el al = ol olsiA A st}

W U DE

gAagel FAANAS o485l F{FZHE| PCBs
9] A A N F-2AL HES T Aroclor 1242
9} Araclor 12602} F-2-2- 100~2,000 ppm H ol
A ZAlsloict. AdF x| dojal F} AE
o} vlx A7E §8l Az GAdwke] <k PCBs
reote] A& AL Freundliche] F3 EgAle
o]g-3aict.”

log a(x/m)=logok + (1/n)log,,C

714, ximE& HARS AU F249 PCBs2



242 waH

FE0| 2, C& 7l dolsls PCBse) FEo|o,
K(Freundiich A=r)= B HolA} Ffroll dolalE PCBs
2] FEnge)t Aol F4% PCBs?| FE(ng/
g)2l olE vetdle, 22l nd A Fx 9N
A3 24l o) Y wolct,

Aol AR A Feel HA U ARAE
Freundlich A}oll w}2} Fig. 20| Ltehlislad & 4
AAE wo|w Qo Ak k2l n 2E]T Aroclor
12422} Aroclor 12600 3§t ALs ARA|IG~= Table
20 Jehdlglc}. o2 gk HE-S Aroclor 12428} Aro-
clor 12602 413} PCB &3159 dulsid A4
& epic}. Table 204 Aroclor 12429] logok 2t
< Aroclor 12608t} 24, o] Aroclor 12429] ¥
4 o] Aroclor 12602} t] Feh= 742 9u
Yo} ole} e Az AR 2447} Fo] Py
9] Jehll= Aroclor 12422} Aroclor 12609 =
2obE T WS (Fig. 3 and 4ol LehIG. Aro-
clor 12429} Aroclor 12602 Z2vlE 2] R
Aol x 807 Y %=2o] PCBs2 FAIs)e] 9lon, F3

& Aroclor 1242 (100, 500, 1000, and 2000 ppm)
log, £:2.04 n: 10567

®  Aroclor 1260 (100, 500, 1000, and 2000 ppm)
log,, £:1.16 n:0.9941

log,, (PCB Conc. in Oil (ng/g})

Il — ! 1 L | N A

0.0 0.5 1.0 1.5 2.0 25 3.0

log,, {PCB Conc. in Activated Carbon (ug/g))

Fig. 2. Adsorption isotherm in oil/activated carbon sys-
tem.

Table 2. Freundlich adsorption isotherm coefficients for
Aroclor 1242 and Aroclor 1260

Aroclor 1242 Aroclor 1260
Carbon type

logok n logok n
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Fig. 3. Chromatograms of Aroclor 1242 in mineral oil (a)
before, and (b} 1 day after equilibration with activated
carbon.
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Fig. 4. Chromatograms of Aroclor 1266 in mineral oil (a)
before, and (b} 1 day after equilibration with activated
carbon.
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Fig. 5. Chromatograms of coplanar PCBs in mineral oil
(a) before, and (b) 1 day after equilibration with ac-
tivated carbon.
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Table 3. Concentration of non- and monoortho substituted PCBs in Aroclor 1242

Relative toxicityb

IUPAC # Substitution TEF Con.* Before After
Adsorption with Activated Carbon
77 3344 0.01 2.28 228x10°° 228x10 *
105 23.3'4,4- 0.001 436 436x107° 8.72x10°*
118 2.3'4,4'5- 0.001 8.21 821x107? 1.64x10 °
156 23,3445 0.001 0.46 4.60%x 107 0.92x10 °

“Total PCB concentration on the basis of Aroclor 1242~500 ppm, "TEF x weight percent contribution of individual
PCB congeners in Aroclor 1242 x concentration (before and after).

Table 4. Concentration of non- and monaortho substituted PCBs in Aroclor 1260

Relative toxicity”

1UPAC # Substitution TEF Con.* Before After

Adsorption with Activated Carbon
169 3,3'4,4'5,5" 0.05 0.24 1.20%10 ? 1.2x10™*
105 23,3 4.4~ 0.001 0.34 3.40%x10°* 0.7x10°*
118 2,34.4.5- 0.001 2.76 276102 5.5x10°°
156 2,33'44'5- 0.001 426 4.26%107° 8.5%x107°
157 23,3445 0.001 0.68 6.80% 107" 13x10°°
167 234455 0.001 1.26 126x107* 25%x10°°
189 2,3,3'4,4'5,5- 0.001 0.53 5.30x107* 1.1x107°

“Total PCB concentration on the basis of Aroclor 1260~500 ppm, *TEF x weight percent contribution of individual

PCB congeners in Aroclor 1260 x concentration (before and after).
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