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Abstract: In this study, PCDD/PCDFs, PAHs and PCBs in wastes from metal, plastic and wastewater treatment
facilities were analyzed. The concentrations of PCDD/PCDFs ranged from 7.37~432.20 ng-TEQ/kg in fly ash,
0.51~855.01 ng-TEQ/kg in incinerated ash and 0.37~385.81 ng-TEQ/kg in dust. Dioxin content was lower,
compared to data in foreign countries. PAHs concentration was in the range of 0.0075~2.9225 mg/kg for process
sludge and 0.0035~1.6716 mg/kg for wastewater sludge, which satisfied all of the two standards (Nap, Ant,
B(a)F:4/0.8, Phen, B(a)A:5/1, F1t:10/2.5, B(a)P:4.5/0.9) of the Marine Environment Management Act. PAHs
concentration in process sludge and wastewater sludge were slightly lower than those abroad. According to
the analysis of seven types of PCBs (in comparison with the first standard, 0.15 mg/kg), concentration was
found in the range of 0.0~0.65 mg/kg, while PCB-52, PCB-101, PCB-138, PCB-153 and PCB-180 isomers
were detected in excessive value in some machine oil and hydraulic fluid.
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Table 1. Status of sample according to the EWC* classification (EU waste code)

Code EU Waste List Total

12 Wastes from shaping and physical and mechanical surface treatment of metals and plastics 7
12 01 Wastes from shaping and physical and mechanical surface treatment of metals and plastics 6
12 03 Wastes from water and steam degreasing processes (except 11) 1

Wastes from waste management facilities, off-site waste water treatment plants and the preparation of water

19 intended for human consumption and water for industrial use 30

19 01  Wastes from incineration or pyrolysis of waste 11
19 02  Wastes from physico/chemical treatments of waste (including dechromatation, decyanidation, neutralisation) 3
19 08 Wastes from waste water treatment plants not otherwise specified 12
19 11  Wastes from oil regeneration 3
19 13 Wastes from soil and ground water remediation 1
Total (sample) 37

Table 2. Classification of samples by analysis items

PAHs PCBs
Sample code PCDD/PCDFs (7 chemicals)" (7 isomers)?

Sludges - 16 -
Dust 3 - -
ASh 8 -
Waste oil - - 4
Machine oil - - 6

Total 11 16 10

! Naphthalene, phenanthrene, anthracene, benzo[a]pyrene, fluroan-
thene, benzo[a]anthracene, benzo[b]fluoranthene
2 TUPAC Number 28, 53, 101, 118, 138, 153, 180
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Fig. 1. Scheme of analysis method on targeted organic substance.
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Fig. 2. Congener homologues pattern of PCDD/Fs in fly ash,

bottom ash and dust.
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Table 3. Comparison of PCDD/PCDFs concentration (ng-TEQ/

g) range in other studies'®%
Samples Sites PCDD/PCDFs range (mean)
i Jordan'® N.D~1.031 (0.344)
o Germany'” 0.005~0.638 (0.193)
Sodimey | Peleium-France™ 00010012 (0.006)
edimen Japan'® 0.006~0.009 (0.008)
Japan'® 0.016~0.018 (0.017)
Sludge 2
Korea 0.005~0.031 (0.015)
0.021~5 (2.511)
Cinder Japan!®21-22 0.007~6.997 (3.502)
0.059~2.5 (1.280)
Fly ash 0.074~0.432 (0.23)
Bottom ash This Study 0.0005~0.855 (0.181)
Dust 0.0037~0.386 (0.134)
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Table 4. The result of PAHs concentration (mg/kg) in process sludges and wastewater sludges

No. PS-1 PS-2 PS-3 PS4 PS-5|WS-1 WS-2 WS-3 WS4 WS-5 WS-6 WS-7 WS-8 WS-9 WS-10 WS-11

PAHs Process sludge (n=5) Wastewater sludge (n=11)
Ant ND ND N.D 0.0215 ND | ND 0.0013 ND ND ND ND ND N.D 0.0063 ND N.D
Phe N.D N.D 0.0051 0.1606 0.0009|0.0023 0.0053 0.0016 0.0005 0.0028 0.0007 0.001 N.D 0.0496 0.0014 0.0120
Flu N.D N.D 0.0061 0.4877 0.0057|0.0021 0.0094 0.0014 N.D 0.0023 N.D N.D N.D 0.1878 0.0049 0.0123
Ace N.D N.D 0.0208 1.7357 0.0326]0.0064 0.0212 0.0045 0.0009 0.0035 N.D N.D N.D 0.7323 0.0348 0.0364
Acy N.D N.D N.D 0.0269 ND | NND 0.0008 NND N.D ND ND ND ND 0.00750.0007 N.D
Nap N.D N.D 0.0860 0.4630 0.0781]0.0036 0.0533 0.0040 0.0033 0.0009 0.0018 0.0025 N.D 0.6872 0.3045 0.0516
Chy N.D ND 00007 ND ND |ND ND ND ND ND ND ND ND ND N.D 0.0005
B(aA ND ND 0001 ND ND |[ND ND ND ND ND 00091 ND ND ND ND ND
Pyr N.D N.D 0.00150.0014 N.D |0.0008 0.0026 N.D N.D 0.0023 0.0009 N.D N.D 0.0004 0.0036 0.0018
Flt N.D N.D 0.00150.0011 N.D |0.00050.0003 N.D N.D 0.0033 N.D N.D N.D 0.0005 0.0050 0.0025
D(a)A 0.0030 0.0029 0.0032 0.0048 0.0032| N.D N.D N.D N.D 0.0007 N.D N.D 0.0027 N.D N.D N.D
B(@P N.D N.D 0.00110.0040 ND [ ND ND ND ND ND ND ND ND ND ND ND
B(k)F N.D N.D 0.00180.0031 NND | ND ND ND ND ND ND ND ND ND ND ND
B(b)F N.D N.D 0.00080.0029 ND | ND ND ND ND ND ND ND ND ND ND ND
B(g)P 0.0037 0.0023 0.0047 0.0050 0.0037{0.0007 N.D N.D N.D 0.00100.0007 N.D 0.0024 N.D N.D N.D
I(c)P  0.0019 0.0023 0.0023 0.0048 0.0023| N.D N.D N.D N.D 0.0007 0.0005 N.D 0.0022 N.D N.D N.D
2PAHs 0.0086 0.0075 0.1366 2.9225 0.1265[0.0164 0.0942 0.0115 0.0047 0.0175 0.0137 0.0035 0.0073 1.6716 0.3549 0.1171

*Ant:anthracene, Phe:phenanthrene, Flu:fluorene, Ace:acenaphthene, Acy:acenaphtylene, Nap:naphtalene, Chy:chrysene, B(a)A:benzo(at)
anthracene, pyr:pyrene, Flt:fluoranthene, D(a)A:dibenzo(a,h)anthracene, B(a)P:benzo(a)pyrene, B(k)F :benzo(k)fluoranthene, B(b)F :benzo(3)
fluoranthene, B(g)P:benzo(g,h,i)perylene, I(c)P:indeno(1,2,3cd)pyrene
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Table 5. Comparison of PAHs concentration (mg/kg) range
in other studies®?’

Samples Sites PAHs range (mean)
Canada® 2.2~79 (11.8)
g lud Germany® 2~15 (7.1)
cwage sludee Spain? 1.1~5.5 (3)
China®® 2.47~25.92 (8.31)
Industrial sludge 0.07~2.01 (0.67)
Mixed-flow sludge Ching® 0.17~15.19 (2.33)
Enterprise sludge na 0.11~3.27 (1.67)
River sludge 1.3~1.3 (1.3)
Process sludge . 0.01~2.92 (0.64)
This study

Wastewater sludge 0.004~1.67 (0.21)

Proportion (%)
3

‘W-10
W-11

? P72 I 2 2R : 2
e & & & 3 3z 2T 3 3 3 3 3 3
L]

Fig. 3. Distribution of PAHs with four rings of process sludges
and wastewater sludges.

9, 34009k A5H 219 ) A5E PAHS
o] ¥ EAS Vel ItHFig 3). PAHs 16 & 3 wlAl
222] 7} 1~3 71191 PAHs®l|+= anthrancene, phenanthrene,
fluorene, acenaphthene, acenaphtylene, naphtalene, 471
¢l PAHsoll+= chrysene, benzo(a)anthracene, pyrene,
fluoranthene, 5 7%l PAHs% dibenzo(a, h)anthracene,
benzo(a)pyrene, benzo(k)fluoranthene, benzo(b)fluo-
ranthene, 6 7l ¢l PAHs= benzo(g,/,i)perylene, indeno
(1,2,3cd)pyrene©] )t} tiFE 2] Al 5oflA] PAHs 16
T T A8 2ele] 7 A2 A4 3701 PAHs
+ acenaphthene > naphthalene > fluorene > phenanthrene >
acenaphtylene > anthracene =2 2 =74 Yely o o
&t AZTAHAA B EE A7EQ] EEAE A

[e] 2= o P
o Bolet 495 WAL B FYF, FA

2 249 £F 5 O 220 o9 9P 0
F 971 W 7k v oA FF 0 A

¢

[S)
o] tEAl Yehthe o= AetEry.

Concentration(mgfkg)
.

'y 1st standard : 0.15 mg/kg

*»
%

. s
i

6

2st standard : 0.03 mg/kg

© GeE ¥
o>

Sample No

Fig. 4. PCBs concentration distribution.

3.3. PCBs &ass

A PCBsE Y571 H7]& vlA] FEo= A
AE 7 F2] 7)Ho) A (TUPAC No. 28, 52, 101, 108,
138, 153, 180)°ll W3l =l sl Feg ey A3
A 8 S guEAE71E Al 12F A 28l% Al 17]
T Al 2712 AA ] ok Z4zhe] el 7
Z % 71 015 mgkgA 1715) 2 0.03 mg/kg(Al
271%) oljolofof sttt

Fig 4= EWC 12873 S35 Zei2g9 gy -
2 - 71A18 EWAE Al FAsks 717 E A,
g z=AA e Al A= 84 AlF A3 EWC
19 34 F 7= 2384 A Al dA =
Het 59, dFAGANAE T od3t B
Aol A EE e oA sk H71ESL
@), 1A% - AR 1) 5 F 10 4S BXWEL
2 3lo] PCBs?| WlE54S FHetetaint.

AR e FBA A A FEH L = PCBs 7
Z(IUPAC No. 28, 52, 101, 108, 138, 153, 180)2] 7}
Hol A& A3 A3} Fig 48 AHEHE, A V]F
0.15 mg/kga} VWL o), 572 A|5oA 233 7)
Hol A7t F 1202 JEpsoH, o] A|lE&= PCB-
52(5 71), PCB-101(1 71), PCB-138(4 71), PCB-153(1
7) 2 PCB-180(1 7)o & ZAIEQTE o] A EE &
ZNAS - AEsH AR 30, dAF A 2 AATh
PCB-138 7 o] Ao 4] 7 =& 0.65 mgkgS =
ZAME AL, 7 F8] A E A3 goeRe AF
AzAY 71AF - AEodA 2247 mgkge 2 7H
=A AEFHA gk £ A3} TPCBs7} Alb71+
ol 1 mgkgs 23t A FE & 3 7] AEE, d&
10, 71AI4 - 2+ AlE 2 73Tt

34. HIIE & FIQYH=SE 2| Y

2 ARl ededdd e A4 7ES A4

Analytical Science & Technology



Characteristics of organic pollutants in discharged industrial waste in Korea 427

skl &l sl= POPs 71&A A A 7F <A g ekl A v}
Azer, sdA e FFAF7ILEEE Sy
Al e tho] Al gl ke i 7)FE o] AA
Fo] o] tho]g4l viEd 2 3P tigh 2y
B &g T3l A= o E3 PCBsE #71&5374
Al ol PCBs Ao A& st o, 3
Fo 2 I3 Ae ol E PCBs /oA 7 %
of thall Al /A 2 7158 A3t B8l o] &
S S7kAeA BElassrt e Ao AztE
o} PAHsS] A9-ol= @A 7|9 EZE AL
N, 2EZEF PN A7 AEFHIL 21o] PAHsY]
&4 A A E A8 FAAA el ZlA
AE @ "aAo] Jde Aoz Addi.

=

4. =

Iy

=53 S22 AxFPT AVIEAEAAE - F
HFAZAA - FFEFALAAN T EHE 7 &E
i E3hs = 22 /) GAIE AR s @A Z2AMEA,
UF, 27A, HJR 5 HVE AR AFH 2
PCDD/PCDFs(17), PAHs(7) ¥ PCBs(7) 32| 2
< B3l miE 548 gosisih

1. B]AH) 2] tho] &4l FEE 7.37-432.20 ng-TEQkg,
AZH= 0.51~85501 ng-TEQkg, £3%1& 0.37~385.81
ng-TEQ/kg W2 YElSTh POPsol| AAIE A 7]
2= 15,000 ng-TEQ/kgS ZFA&HA] &ttt 3], A&
HE B BN TAsh= #H71E F £x10] 385.81
ng-TEQ/kg® 7HE =7 AEHN M, 2,3,4,7,8-PeCDF
7b 2t Al&e] AA] TEQ#LS] 28~34%F 24| 5h= H]
&o] AlY &2 AR eyt B3k o559} H
A HE A o] 82le] stEwrt W o2 A}
HIh sl = ZAFER7IFEE Ay AlY
Aol tho] Sl & e FH-EF 7)o A FH o
o] thol &4l wiE Y 9 g ] st BUEE
< 53l AE L ek

2. 38249 PAHs B+ FHEEE 0.0075~2.9225
mg/kg, B2 LU= 0.0035~1.6716 mgkg W2
yHeht S A AR Y AAVES B T
she Ao 2 YElith WAl ye]7F 42 3719 PAHE
acenaphthene > naphthalene > fluorene > phenanthrene >
acenaphtylene > anthracene =2 2 UE}STE 3 A
Aoz ALY g HsE2A 9 PAHs 5w
0] 739-9} vlaLste] thd w2 Zo g AvhEH, 3
A PAHsE= 7|9 EAR = U, 25
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o
o
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. @ A FAI7IE0] A-8-5= PCBs
7 FS A A3A 1712 015 mgkg vlR) AE
FEE 0.0~0.65 mgkgl ® UEloH, AdX 7AH
2 AEfo A PCB-52, PCB-101, PCB-138, PCB-153
2 PCB-180 7HE o)A A7} 2=t} PCB-138 71
o] AN 71 =L 0.65 mgkglE ZAMEHIYL, 7
Zo] JHO|ZAE T BoZ= AE AxPY 7]
A - ZsfellA 7P =4 AEEA A slds
7B Yol A= PCBs 7ol dA] 7 Fol tis] Al 1/
Al 2 &g AAste #E A do] FF F71Akd
ol FH a3 ok Aoz dActen,
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