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Abstract : We investigated the concentration and the sources of ubiquitous persistent organic pollutants [i.e., 17 toxic polychlori-
nated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs), 12 coplanar polychlorinated biphenyls (Co-PCBs), and 16 priority polycyclic
aromatic hydrocarbons (PAHSs)] in waste papers and lumbers from industrial complexes. The total concentrations in waste papers
and lumbers ranged from 9.69~176.77 pg/g-dry and 0.14~0.25 pg/g-dry for 17 PCDD/Fs, 109.95~4097.25 pg/g-dry and 28.23~
59.88 pg/g-dry for 12 Co-PCBs and 9.30~52.18 ng/g-dry and 0.82~1.82 ng/g-dry for 16 PAHSs respectively. Generally, the concen-
tration of these pollutants in waste papers was higher than those in waste lumbers. OCDD was dominant in waste papers and lum-
bers and the PCDD/F patterns of these samples were similar with that of stack gas. The distribution patterns of Co-PCBs in wastes
were related with commercial PCB products, indicating the effect of commercial PCB products on ubiquitous environment. The
diagnostic ratios of several PAH compounds in waste paper showed that they were related with pyrogenic sources.
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Table 1. Target compounds in this study
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Co-PCBs 12, PCDD/Fs 172
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2.3. 71713%A 2 A=y

PAHs:= 7had 2 elE 1efy]- A gk el 7] Z7](Agilent 6890
GC/5973 MSD, USA)E ©|&3}% 1, Co-PCBs2} PCDD/Fs
= st EelE g u-aie)s deEA 7] (Agilent 6890
GC/IMS 800D, Japan)E AR&-slo] #4318t GC A2
E5 DB-5MS (60 m lengthx0.32 mm 1.D.x0.25 pym film
thickness, J&W Scientific) & AF&-3s+Ath 7k 4014 &2
A R EFEA 9 3]9-8-2 PAHs= 92.6+41.0%, Co-PCBs

Compounds

Naphthalene, Acenaphthylene, Acenaphthene, Fluorene, Phenanthrene, Anthracene, Fluoranthene, Pyrene,

PAHs (16)

Benzol a]anthracene, Chrysene, Benzol 4 ]fluoranthene, Benzol & ]fluoranthene, Benzolalpyrene, Indenol 7,2, 3—c,d Ipyrene,

Dibenzol a,/4 Janthracene, Benzol g, 4.7/ Iperylene

Co—PCBs (12)

IUPAC No. (#77, #81, #105, #114, #118, #123, #126, #156, #157, #167, #169, #189)

2,3,7,8=TetraCDD, 1,2,3,7,8—PentaCDD, 1,2,3,4,7,8—HexaCDD, 1,2,3,6,7,8 —HexaCDD, 1,2,3,7,8,9—HexaCDD,

PCDD/Fs (17)

1,2,3,4,6,7,8—HeptaCDD, 1,2,3,4,6,7,8,9—0ctaCDD, 2,3,7,8 —TetraCDF, 1,2,3,7,8—PentaCDF, 2,3,4,7,8—PentaCDF,

1,2,3,4,7,8—HexaCDF, 1,2,3,6,7,8 —HexaCDF, 1,2,3,7,8,9—HexaCDF , 2,3,4,6,7,8 —HexaCDF, 1,2,3,4,6,7,8 —HeptaCDF,
1,2,3,4,7,8,9—HeptaCDF, 1,2,3,4,6,7,8,9—0ctaCDF
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Fig. 1. Analytical methods on target compounds.

70.6+10.6%, PCDD/Fs 72.3x13.4%% Jelsith Zzte] A
37| (Limit of quantification)= S/N ratio”} 10 ©]391 &
LE 7|EoR T899 PAHs®} Co-PCBsE: RE o)A
Ao A 242} 0.5 nglg-dry, 0.5 pg/g-dry©]™, PCDD/Fs=
ol A Aol we} 0.01~0.1 pglg-dry o= Z=FH4 x}o]7} 9l
1o OCDD/F7} 0.1 pglg-dry& 7} =& ALIAS

17%2] PCDD/Fs:= 0.14~176.77 pglg-dry (0.00~2.64 pg
WHO-TEQ/g-dry)2] #% o2 3H54(0.14~0.25 pg/g-
dry) 2.t} #%(9.69~176.77 pg/g-dry)oll A =& =2 A%
Hd o, WP-D Al EollA 176.77 palg-dry= 713 =A 7
=5 Ak o] HAEA A HEE sERY 9 b o
=2 #old, U FAVIEY] AFAARVILAED A

O

oL

eha 5} Qo] tolS41 g+ 9171% 7132) 3 ng TEQ-WHOY
g-dryell A ¥ WA= FEoE A 712 24}
2.4 FAEH s @A R Fieeh wlasky Bl A 2.3-630.4

A 71l ZEA AR EE o M2 dvkd

g 2SS AA Bk AW 5 gl

AFE 23 e Fgoln, W 2o

2A9s FAsh= o] &¥ L gtk &

= AU B4 5 PCBs HAYS FHE] 9

27 ZE1(SPSS 14.0K, USA)S AH&3ke] PCA
=

S oA FEE F B

o
E
2
it
lo

S~
oftt
N

oY R QR N e off
-
9,
>

e
o
2
©
Ol
=
rO
>

3.1. FA e} H &AM U 54 5=
H=¢} #HZAo)4 PAHs, Co-PCBs, PCDD/Fs %5
Table 201 Y ERHATEH

pg/g-dry, 2 &4 2.5~20.1 pg/g-dry, 2t Slol|A] 1.48~
91.24 pg/g-dry 5ol Hiigl v} A= Hx]e} FHEAf A
9] T B S HAE, 2T Ay 2 34
EEhe FEot fA FEoR U

12-&2] Co-PCBs+i= 28.23~4097.25 pg/g-dry (0.00~3.21 pg
WHO-TEQ/g-dry)¢] 5% FFo= AZHUTE Azl
to] S AR eA R QAT EIE 0w #HEA)
(28.23~120.32 pg/g-dry) Xt} #<](59.88~4097.25 pg/g-dry)
NA FE FEE HAFHAT 53] #HA A=l WP-Cot
WP-D A=A YR Alge] H|&] 20~2008] =< &
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Table 2. Concentration levels of target compounds

Compounds WP—-A WP-B Wp-C WP-D WL-A WL-B

Naphthalene N.D. N.D. 8.37 15.11 N.D. N.D.

Acenaphthylene N.D. N.D. N.D. N.D. N.D. N.D.

Acenaphthene N.D. N.D. N.D. N.D. N.D. N.D.

Fluorene 1.04 3.83 1.41 3.30 N.D. N.D.

Phenanthrene 8.58 2.39 9.91 9.16 0.82 1.82

Anthracene 1.44 0.58 1.37 1.42 N.D. N.D.

Fluoranthene 4.31 1.11 5.64 5.87 N.D. N.D.

PAHSs Pyrene 4.36 1.40 8.31 12.88 N.D. N.D.
(ng/g—dry) Benzo[alanthrancene 0.58 N.D. N.D. 1.40 N.D. N.D.
Chrysene N.D. N.D. N.D. 3.05 N.D. N.D.

Benzo[b+k]fluoranthene N.D. N.D. N.D. N.D. N.D. N.D.

Benzolalpyrene N.D. N.D. N.D. N.D. N.D. N.D.
Indeno[1,2,3—cd]pyrene N.D. N.D. N.D. N.D. N.D. N.D.
Benzolg,h,Ilperylene N.D. N.D. N.D. N.D. N.D. N.D.
Dibenzo[a,h]anthrancene N.D. N.D. N.D. N.D. N.D. N.D.

Total 20.30 9.30 35.00 52.18 0.82 1.82

T4CDD 2378 N.D. N.D. N.D. N.D. N.D. N.D.

P5CDD 12378 N.D. N.D. N.D. N.D. N.D. N.D.

123478 N.D. N.D. N.D. 0.33 N.D. N.D.

H6CDD 123678 N.D. N.D. N.D. 0.90 N.D. N.D.

123789 N.D. N.D. N.D. 0.73 N.D. N.D.

H7CDD 1234678 N.D. 1.65 6.30 17.24 N.D. N.D.

08CDD 12346789 9.69 12.76 39.54 77.99 0.14 0.25

T4CDF 2378 N.D. N.D. N.D. N.D. N.D. N.D.

PCDD/Fs 12378 N.D. N.D. N.D. 0.99 N.D. N.D.
(pg/g—dry) PoCDE 23478 N.D. N.D. N.D. 1.69 N.D. N.D.
123478 N.D. N.D. 1.00 4.29 N.D. N.D.

HECDF 123678 N.D. N.D. 0.86 3.52 N.D. N.D.

123789 N.D. N.D. N.D. 1.40 N.D. N.D.

234678 N.D. N.D. 1.15 4.98 N.D. N.D.

H7CDF 1234678 N.D. N.D. 4.83 23.45 N.D. N.D.

1234789 N.D. N.D. 1.14 4.96 N.D. N.D.

O8CDF 12346789 N.D. 0.52 8.28 34.30 N.D. N.D.

Total 9.69 14.93 63.11 176.77 0.14 0.25

TACB 3,3'.4,4" (#77) 13.76 23.22 246.68 556.35 6.47 N.D.

3,4,4'5 (#81) N.D. N.D. N.D. N.D. N.D. N.D.

2,3,3",4,4" (#105) 27.92 59.34 499.93 942.10 12.71 8.74

2,3,4,4',5 (#114) 7.22 8.16 64.10 115.16 N.D. N.D.

P5CB 2,3',4,4' 5 (#118) 48.45 107.61 972.40 1753.51 32.32 19.49

2'3,4,4'5 (#123) 4.13 8.34 83.79 185.22 4.62 N.D.

(gz/_gli?fys) 3,34.4'5 (#126) N.D. N.D. 16.27 30.45 N.D. N.D.
2,3,3",4,4'5 (#156) 5.43 13.99 175.81 333.48 2.28 N.D.

H6CB 2,3,3",4,4',5" (#157) 1.35 2.95 33.53 54.60 N.D. N.D.

2,3',4,4',5,5" (#167) 1.71 4.86 64.92 126.40 1.49 N.D.

3,3',4,4',5,5' (#169) N.D. N.D. N.D. N.D. N.D. N.D.

H7CB 2,3,3',4,4'5,5' (#189) N.D. N.D. N.D. N.D. N.D. N.D.

Total 109.95 228.45 2157.42 4097.25 59.88 28.23

WP: waste paper,

WL: waste lumber

@373 3832 | 41327 A9z | 20104 94 ||

873



874

K T 3k
oI5t - olQ14] - 2.9% - A9 - WEA -

24 e e 49 A5 ERel= PCBs7} 5 mg/kg ©]
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ANA FAE =7t &= 71FEo 2 3k gkl 7ok
gt B AgelA o WQ} HE Aol A HEH
Co-PCBs9] &%+ o]
st

PAHSs 16—'—4 A4 #AA 2 HEZA A ZolA 0.82~52.18
ng/g-dry2] T2 HEHAoH, A|5HE QA% oA E
2 AF9 E‘r—: AU B2 sdsiAl #H54)(0.82~
1.82 ng/g-dry) Bt} #%](9.30~52.18 ng/g-dry)oll A =& &5
T2 YERETh 2 AgelA 24" 1 D FHER] el A9
PAHs HXA3= =] EolMe] Fk 423(50.0~1942.5
ng/g-dry) B b E A =9 ik FFE(=HE~1756.1 nglg-
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3.2. Fx Y& o] &g 2 E A vl
3.2.1. PCDD/Fs

PCDD/Fsi= 2+ ol A vlas kgt =d 2 el
Ae] ol dAA 3 deo] FE&A ] 2R HuEol, A
=9 o] ddEA e Y vaE F3) T‘HEWOJ A 37
o] 7hsthal &elA itk diEA] mEdoEE #H7]
Aztow QIgh wiE k2, AXT A dA ﬁﬂﬂﬂrﬂfﬂw Hj
%%+ 52} Pentachlorophenol (PCP), Chloronitrofen (CNP)
T 2L FHE sSEd EeER ERE A sl e
w, ool HFA AR wiETts, fn, H oY el
gHrEol 9 Ao® A Urk? webd B el
= u#® 9L HEAlA EE PCDDIFs oA &z}
H el 24 tro]ZAl ujElel Ao ol A S
WA S HARE FAst A} sH3ith
A A A HEA AR T ddE R s
et WP-C, WP-Dell4] OCDD, OCDF, 1,2,3,4,6,7,8-HpCDF,
1,2,3,4,6,7,8-HpCDD7} 5% o]/ &A= YEpron, o] £
A]Eoﬂﬁb OCDD, 1,2,3,4,6,7,8-HeptaCDDY}ro| H&5|o]

11933} PCDDs7F Akl HES = Aoz Yl

(Fig. 2(a)). 3 PCDD/FsE ETEE T3lal & Ux
2ol §7] A&A wFel PCPE= OCDD, 1,2,3,4,6,7,8-
HpCDF, OCDF7} £ olAdAA= TA=o] 9o 123,
4,6,7,8-HpCDFoll H]&to] OCDF9] HlEo] ¥ £ 7oz
oA Ik CNPe] 7d-9-oll= 1,2,3,6,7,8-HXCDF, 2,3,
4,6,7,8- HxCDF 1,2,3,7,8-PeCDD, 1,2,3,6,7,8-HxCDD”} %
& &S Uehio] AF o] dAARM HFEHI Qe uk
il A‘i Hj)7}2~¢ll 3= OCDF, OCDD, 1,2,3,4,6,7,8-HpCDF,
1,2,3,4,6,7,8-HpCDD % 9 A FRF} EX]X—]?_]_ oA
Az dHA QuEED o)l o] A BXE BXA Ak
Alge} vl gs w Fx| e} | EA] o] A A Heol A=
1,2,3,4,6,7,8-HpCDF”7} OCDFHE U} & H]-&-S A3t
2101, OCDD2] H]&o] 40~60% 5O % PCPoI| A2
SEH]E(60~90% ©]X N H= xFo]7h ATh EE CNPY
L A3 o] A HXxCDF7} HEE A &0} CNPI=
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01>L 4y Hm ;z

OBCDF

100% - ®1,23,4,78,9-HICOF
90% - 1,2,3,4,6,7,8-HTCOF
il ¥2,3,4,6,7,8-H6COF
80% 1 g m1,2,3,7,8,5-H6COF
0% 5 =1,2,3,6,78-HECDF
60% - 12347 8-H6COF
50% m2,3,4,7,8-PSCOF
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