S8R k]2 #1119 (*14%) 275~281, 2008
J. of the Korean Society for Environmental Analysis

= =
2l PAHs29| &F EM
oot - Mo - olaa

Concentration of Heavy Metals and PAHs in Sewage Sludge
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Although the production of sewage dudge increases every year, its proper treatment has only been recently
raised as a new issue. Thisis because current landfill and ocean dumping arrangements are expected to suffer
from proper management in the future. The Korean Ministry of the Environment (KMOE) plans to diversify
its processing facilities and expand its processing systems by 2011, with the purpose of processing all produced
sludge on land. This study reviews the characterics of PAHs and heavy metals in sewage sludge. The contents
of heavy metds in dudge across five facilities decreased on the order of: copper > zinc > chrome > nickel >
cadmium> mercury. In terms of heavy metal content in swage sludge, the sludge in facilities other than D with
industrial water waste, was examined in order to satisfy the ocean contamination standard and fertilizer spec-
ifications. The results of the inspections of 16 PAHs showed that the total PAHs content in swage sludge aver-
aged 6.10 mg/kg, with a high content in the dudge in city aress relative to industrial wastewater. This can be
explained by the treatment of PAHs in wastewater treatment facilities, while it is not the came for household

wastewater, rainwater, and road runoff water.
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Table 1. Characterization of wastewater treatment plants
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srediAl F Tus FEddS G Cd, N, Cu,

Wastewater Capacity Secondary Inlet flow Amount of sludge Population range
treatment plant (x10* m%day) treatment (x10* m%day) (ton/day) (x10%
A 100 Activated sludge 169.0 613 >100
B 200 Activated sludge 86.6 285 >100
C 28 Activated sludge 24 125 50 - 100
D 38.5 Activated sludge 27.2 259.5 50 - 100
E 11.4 Activated sludge 11.4 33 < 50
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Table 2. GC-MSD conditions to analyze PAHs

Parameter Condition
GC Model HP 6890
Column DB-5MS (60 mx0.32 mmXx0.25 wm)
Inj. Temp 280°C
Inj. Mode splitless/split(closed 3min)
Oven Temp. 50°C to 100°C at 20 °C/min, then
310°C (4 min) at 3 °C/min
MS model HP 5973
Ioniization Mode  EI
Ionization Energy 70eV
MS Source Temp. 230°C
Ion Mode SIM
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Table 3. Selected ion group of SIM for PAHs analysis and MDL

Group Start time Compounds MDL (ug/L) Selected Ions, m/z
Naphthalene 0.32
1 11 min Acenaphthylene 0.31 76 83 89 128 152
Acenaphthene 0.03 154 166
Fluorene 0.08
9 30 min Phenanthrene 0.08 89 176 178
Anthracene 0.11
Fluoranthene 0.17
. Pyrene 0.03 101 113 114 200
3 40
i Benz[a]anthracene 0.24 202 226 228
Chrysene 0.61
Benzo[b]fluoranthene 0.37
Benzo[k]fluoranthene 0.08
4 60 min Benzo[alpyrene 0.72 126 138 250 252
Indeno[1,2,3-cd]pyrene 0.28 276 278
Dibenz[a,h]anthracene 0.24
Benzo[ghi]perylene 0.95
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Table 4. Heavy metals content (dry weight) in sewage sludge unit : mg/kg, dw
Cr Cd Ni Cu Pb Zn Hg As

First Standard 1,850 20 - 2,000 1,100 9,000 5 145
Second Standard 370 4 - 400 220 1,800 1 29

A 35.5 3.33 20.4 200 391 358 4.13 ND

B 1075 1.73 50.8 240 62.51 1,796 2.41 ND

C 6.96 1.00 4.29 547 1351 585 0.20 ND

D 3225 5.81 88.6 7,250 30.5 4,099 2.31 ND

E 9.61 2.07 9.81 61.7 316 565 0.06 ND
Max. 3225 5.81 88.6 7,250 391 4,099 4.13 -

Min. 6.96 1.00 4.29 61.7 135 358 0.06 -

Avg. 96.3 2.79 34.8 1,660 106 1,481 1.82 -
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Table 5. Heavy metals content(wet weight) in sewage sludge unit : mg/kg, w.w
Cr Cd Ni Cu Pb Zn Hg As
Standard 300 5 50 300 150 900 2 50
A 10.29 0.97 5.92 58.11 113.30 103.92 0.65 ND
B 19.51 0.32 9.25 43.75 11.39 327.19 0.44 ND
C 4.62 0.66 2.84 363.18 8.96 388.47 0.13 ND
D 57.11 1.03 15.70 1,285.33 5.40 726.75 0.41 ND
E 5.44 1.17 5.55 34.88 17.87 319.73 0.04 ND
Max. 57.11 1.17 15.70 1,285.33 113.30 726.75 0.65 -
Min. 4.62 0.32 2.84 34.88 5.40 103.92 0.04 -
Avg. 19.39 0.83 7.85 357.05 31.38 373.21 0.33 -
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o] PAHs &30l dojie AEAIQ] CrAS] &Il
Hjgl] FA] F22] A, BAAS] £8A7} 4~bil) A%
=2 SIS HATh Table 79 YeRA 9)=9] 3k
<A % 16 PAHs ¥ &3 v|2dl] BHH AEA|
Ql CAAEY] &8AE 2u|Qls) vHISsiRaL 9] +F
2 A BAAY EERE 5Y9 % 16 PAHs &
g vt A & 5 AT

YA EZ nlE7]Fol= naphthalene 5 871<]
PAHs(naphthalene: #|27] 5£-0.8, #117]15-4 mg/kg,
phenanthrene: #|27] 5-0.8, #|17]%-5 mg/kg, an-
thracene: #|27]152-0.8, #11715-4 mg/kg, benzo(a)
pyrene:A|2715-0.9, A 1715-4.5 mg/kg, benzo(a)fluor-
anthene:#4|27]52-0.8, A|17]5-4 mg/kg, benzo(a)an-
thracene:A27155-1, A|1715=-5 mg/kg, fluoranthene:All
271525, A171-10 kghkgell that 7lo] A =0

Table 7. Comparison of > 16 PAHs concentration in
measured in this study with those in other

countries (°17+% %, 2005)

} Countries Average (mg/kg) Range (mg/kg)
AR 5, 2002)2L sksl=tl EAAES] F PAHs .
N . o 1L Korea (this study) 6.1 1.8~12.2
sho] Th2 Ao Hlg] & Ao tEiM= A7t Canada 11.8 2.2-79
a5ty s Germany 7.1 2~15
Naphthalene& |9l A#Aglo] B3 SHa-2S 1} Switzerland - 1.7~2.2
ERiRT EAdel 2lolM F83 oJulE ZH= 5~6 ring  SPAn 3.0 1155
Table 6. PAHs composition in sewage sludge unit : mg/kg, d.w
A B C D E
2 ring Naphthalene 0.12 0.21 0.17 0.11 0.24
Acenaphthylene nd nd nd nd nd
Acenaphthene 0.01 0.01 0.01 0.03 0.09
3 ring Fluorene 0.11 0.031 0.09 0.05 0.85
Phenanthrene 1.11 0.91 0.53 0.13 0.08
Anthracene 0.05 0.04 0.03 nd 0.98
Fluoranthene 0.43 0.60 0.10 0.03 0.04
4 rin Pyrene 0.81 1.46 0.21 0.27 nd
g Benzo(a)anthracene 0.51 0.93 0.06 0.08 0.01
Chrysene 0.34 1.22 0.04 0.05 1.86
Benzo(b)fluoranthene 0.51 0.32 0.06 0.65 2.32
5 ring Benzo(k)fluoranthene 0.36 0.79 0.05 0.33 3.92
Benzo(a)pyrene 0.86 0.11 0.07 nd 0.08
Dibenz(a,h)anthracene 0.34 0.24 0.36 nd 0.17
6 rin Indeno(1,2,3-cd)pyrene 0.02 0.11 nd 0.39 0.90
g Benzo(g,h,i)perylene 0.16 1.31 0.06 0.18 0.73
X 16 PAHs 5.76 8.37 1.84 2.30 12.3

nd: not detectable
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