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Contemporary Organic Comtamination Levels in Digested Sewage Sludge
from Treatment Plants in Korea :

(1) Volatile Organic Compounds
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\olatile organic compounds (VOCs) contents in the sewage sludge derived from the residential and indus-

trial areas were determined in order to characterize contemporary organic contamination levels as a part of the
ongoing development of the environmental sound sewage sludge management strategy in Korea. VOCs were
extracted from the dewatered sludge cake using a Headspace/GC/MS operated in selected ion monitoring
mode. The optimum temperature and time for equilibration procedure between sewage sludge and headspace

were determined empirically. Dichloromethane, 1,3-dichloropropene, toluene, ethylbenzene, and xylene were

present in the domestic sewage sludges, whereas, dichloromethane, 1,2-chloroethene, chloroform, 1,1,1-trichlo-
roethane, 1,3-dichloropropene, benzene, toluene, ethylbenzene, and xylene in the sludge from wastewater treat-
ment plant were present in appreciable amount. VOCs contents in Korean sludges were also compared with

those in other countries.

Key words: VOCs(volatile organic compounds), sewage sludge, Headspace/GC/MS
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Fig. 1. Effect of equilibration temperature.
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Fig. 4. GC/MS chromatogram (SIM mode) of a standard

solution in water at concentration level of 200 ng/ml. Peaks:

1=dichloromethane(tR=4.585); 2=1,1-dichloroethane(tR=5.774); 3=cis-1,2-dichloroethene(tR=6.876); 4=

chloroform(tR=7.54); 5=1,1,1-trichloroethane(tR=7.887); 6=carbon tetrachloride(tR=8.242);

7=benzene

(tR=8.687); 8=trichloroethylene(tR=10.201); 9=1,3-dicholropropane(tR=10.716); 10=toluene(tR=13.515);

11=1,1,2-trichloroethylene(tR =14.698);

12=tetrachloroethylene(tR=15.045);

13=ethylbenzene(tR=18.026);

14=m,p-xylene(tR=18.419); 15= o-xylene(tR=19.647). 1.S.= fluorobenzene(tR=9.339).
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Fig. 5. GC/MS

chromatogram (SIM mode) of a sludge sample analyzed headspace sampler.
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Peaks: 1=

dichloromethane(tR=4.585); 3=cis-1,2-dichloroethene(tR=6.876); 4=chloroform(tR=7.54); 7=benzene(tR=
8.687); 9=1,3-dicholropropane(tR=10.716); 10=toluene(tR=13.515); 11=1,1,2-trichloroethylene (tR=14.698);
13=ethylbenzene(tR=18.026); 14=m,p-xylene(tR=18.419); 15= o-xylene(tR=19.647). L.S.: fluorobenzene(tR=

9.339).

Table 1. Retention time, selected masses, % RSD, MDL and correlation coefficient(r2) of the target compounds

Retention Selected MDL correlation
Target compound Time(min) mass(m/z) RSD(%) (ng/ml.) coefficient(r?)
Dichloromethane 458 49,84,96 3.34 15.82 0.9952
1,1-Dichloroethane 5.77 63,65,83 0.37 9.11 0.9989
cis-1,2- Dichloroethane 6.87 61,96,98 1.56 3.18 0.9987
Chloroform 7.54 83,85 1.14 8.73 0.9991
1,1,1-Trichloroethane 7.88 61,97,99 1.87 7.75 0.9985
Carbon tetrachloride 8.24 117,119 2.53 7.33 0.9978
Benzene 8.68 77,78 1.60 8.52 0.9988
Trichloroethylene 10.20 95,130,132 3.24 7.03 0.9984
1,3-Dichloropropene 10.71 39,75,77 2.40 10.20 0.9991
Toluene 13.51 91,92 2.51 9.73 0.9973
1,1,2- Trichloroethylene 14.70 83,85,97 3.54 8.62 0.9992
Tetrachloroethylene 15.05 164,166,129 2.30 10.06 0.9965
Ethylbenzene 18.02 91,106 0.28 3.25 0.9940
m,p-Xylene 18.41 91,106 1.23 4.80 0.9953
o-Xylene 19.64 91,106 0.31 5.26 0.9937
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Table 2. Concentrations of VOCs determined in domestic sludge (ugkg, wet wt.)

rg +
voC S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 zﬂ; -
®EUA
. 548+
Dichloromethane 6.43 510 2.69 874 584 4.87 262 779 446 523 758 328 550 7.09 5.3 1.89
1,1-Dichloroethane nd. nd. nd. nd. nd nd nd nd nd nd nd nd. nd nd n.d. -
ais-1,2- nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd -
Chloroethene
Chloroform nd nd nd nd nd nd nd nd nd nd nd nd. nd nd n.d. -
1’1.’1_ nd. nd nd nd nd nd nd nd nd nd nd nd nd nd n.d. -
Trichloroethane
Carbon-
tetrachloride nd nd nd nd nd nd nd nd nd nd nd nd. nd nd n.d. -
Benzene nd nd nd nd nd nd nd nd nd nd nd nd nd nd n.d. -
Trichloroethylene nd. nd. nd nd nd nd nd nd nd nd nd nd nd nd n.d. -
+
1,3-Dichloropropene n.d. n.d. 143.66 17.02 1839 nd. nd. nd 162 nd nd 666 nd nd n.d. 3Z;Z§
733.03+
Toluene 16.75 7.85 4.06 440.60 3.05 4241 279.63 5.22 22.20 44.39 42.00 3451.13 10.51 6232.09 393.57 1755.05
LL2- d d d d d d d d d d d d d d
Trichloroethylene nd nd nd nd nd nd nd nd nd nd nd. nd nd n.d. -
Tetrachloroethylene nd. nd. nd nd nd nd nd nd nd nd nd nd. nd nd n.d. -
+
Ethylbenzene 500 1198 563 5.10 398 4.25 1870 579 446 470 495 545 639 514 472 6534 z;
7.74+
Xylene 448 1220 486 4.65 nd. nd. 3229 444 nd. 470 494 457 619 493 4.68 8.03
763.62
total VOCs 32.66 37.13 160.9 476.11 31.26 51.53 333.24 23.24 32.74 59.02 59.47 3471.09 2859 6249.25 408 175052
)} e a 0.20+
AeH/ETF 0.19 0.23 018 018 016 028 022 030 019 025 009 011 035 015 0.11 0.07
71l 1A S| skt 4. E 9|
spxE] £8A F9 VOCs sEe HlF-E9]
halogenated VOCsollA ‘nd.’ AEHA ZU%T di- SElvet A=t 1570 sl Aeldst 131 #le A

chloromethane©] 2.62~8.74, 1,3-dichloropropene  “Follr HAHE s 2 A yxz] &8A] 9
nd.~143.66 upgkg wet wt. AZEAT non- VOCs EEFE BAE 14F tiFio] A& <AL
halogenated VOCs % toluene-S 3.05~6232.09, %<& »&E UEh)a 2Uth(toluened A9)).
ethyl benzene 4.25~18.70, xylene n.d.~32.29 ug/ 3kex]e] £#Al= dichloromethanes?} 1,3-dichloro-
kg, wet wt. AZ= AT propened A|€)gk 8 &) halogenated VOCs 7} #
HeA £8A 2 VOCs %+ dichloromethane &% A] 23k3L benzene, toluene, ethyl benzene,
o]  205~169.13, 1,2-chloroethene n.d.~1.49, xylene & =5 1&g A&FUE VOCs & s3]
chloroform n.d.~5.45, 1,1,1~trichloroethane n.d.~ X}Oﬂ/ﬁ Ax 2 13F JHE3d 59 3EHA 3F
1.76, 1,3-dichloropropene n.d.~124.50, benzene n.d. S E3&| olu] tf7] FOoZ wiEF o] AARAL} v
~28.03, ethyl benzene n.d.~9.06, xylene®] n.d.~ o] B3l 23 AASEY7] WEQ] slog uefd 4=
23.10 pgkg, wet wt.2 AEE AT =
HAgxe] €84 $2 VOCs TE2E 3xe &9
A 52 VOCs &9 Hls] dutre =z vror} VOCs

;9 i ru[
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Table 3. Concentrations of VOCs determined in industrial sludge (ug/kg, wet wt.)

it
VvOC 1 12 13 14 15 16 17 18 19 110 111 112 13 = 1 %
SRl
. 3220+
Dichloromethane 6.82 12.06 169.13 831 588 620 639 205 9.00 10922 6.80 7.71 68.97 5195
1,1-Dichloroethane nd. nd n.d. n.d. n.d. n.d. n.d. n.d. nd. nd nd nd nd -
cis-1,2-Chloroethene nd. 149 nd. nd. nd nd nd n.d. nd nd nd nd nd 149
Chloroform nd. 545 nd n.d. n.d. n.d. n.d. n.d. nd nd nd nd nd 5.45
1,1,1-Trichloroethane n.d. n.d. n.d. nd. 176 nd n.d. n.d. nd nd nd nd nd 1.76
Carbontetrachloride  n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. nd nd nd nd nd -
Benzene nd. nd nd. 1782 nd  28.03 n.d. n.d. nd. nd nd nd nd 22931722
Trichloroethylene nd. nd n.d. nd. nd nd nd n.d. nd nd nd nd nd
+
1,3-Dichloropropene n.d. n.d. nd. 3753 2545 nd 774 12450 nd. nd nd nd nd 4218;??
297.75+
Toluene 344 1359 nd 454 434 899 645 285733 381 3838 11.17 nd nd 90146
LL2- nd. nd nd nd nd nd nd n.d. nd nd nd nd nd
Trichloroethylene .d. d. d. .d. d. d. .d. .d. d. .d. .d. .d. d. -
Tetrachloroethylene nd. nd. nd nd nd nd nd n.d. nd nd nd nd nd -
Ethylbenzene 532 885 nd 424 600 639 560 528 661 615 906 473 442 6.05+1.55
Xylene nd. 2310 nd nd 459 483 567 n.d. 613 494 1204 nd nd 8761+6.83
+
total VOCs 1558 6454 169.13 7244 48.02 54.44 31.85 2989.16 2555 124.19 39.07 1244 73.39 2261531;;
AeH/ETF 065 022 010 011 012 039 031 009 050 036 036 019 028 028%+0.17
o] T+ O thdskl AEEUT oA thafst AF giFEEe] SeiA]E 80% o] &8 ekl o
HeAgozry Hr|Eo] viEEe] tkst slghEol & E VOCs 58 ASH o= dilsid t& vzke}
AsHA € Aoz AzE srAE 2R o 9 Hwot Jhssith £ AFelA] e A9

VOCs s=7} #pAe] &84 F9 VOCs s=XHT}
= vt 21 s2lukt itk =419 sk o
o] et et A sEE R AR A
gElo] 7] wEel Zem AzMET H7E & 739 o
719l wWiEE VOCs & HEH} I/ sz goz &
YETh 53] toluene & Aoz Yt Afe 4k
= TEERA B ves EZolth wEbA
toluene = A5x} o] W2 A AYe] ©E {5
FEHE A f99 ZoE Fofd 4= ok
2 ¢ A2d9 VOCs & WEE dichloromethane,
ethyl benzene, xylene 0.2 AEXAAAA A H4AE
HHA LA WEEE E2olt),

FEuEt st Hexe] £8A F2] VOCs 5%
2 g yzlla AakE &R 9] VOCs 5%
H|wate] Table 4 Weplich -2lubet sk <2iA]
VOCsE tolueneS #2)&kx thHie] VOCs7t 4
HA] AU pg kgt FF9 B Tz el

- ofy

HAF2le] gl AF5FETEe] v 0.09~0.650]
m AFFoeE A FFF] oF 0.2410.12 W7 H
= Ao AH(Table 2, 3). British
Columbia ¢] €A% toluene ©] 0.39 pg g dry
wt., xylene 025 pg g dry wt., dichlorobenzene
0.12 pg ¢! dry wt. =2 VOCs & d-falal
Canadian ¢ &¥A= hEE 15 pg kgt dry wt.
ojefe] yke- Fwrt o] Utk Spain®] A &
3 7.3 ug kgl dry wt. o|sfe] e sw= lehy
ATk VOCs= AlZte] Aol el Rzt Avt Eaf =
o] I FEw Fask € skeAE] SR o2 RE
A 2 13k A2 el ol 20-30% Asha, 1
2 27457 (primary clarifier)l] lall | 10% <]
WEETY VOCse 28X A U] o] - &
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Table 4. Concentration of some VOCs in sewage sludge of other sites

— —
VOCs British Columbid’

Canadian municipal Spainc This study

(g g7 dry wt.) sludgesb (ugkgldrywt) (uglldrywt) (ugkg!wetwt.)
1,4 Dichlorobenzene 0.12 042 - -
cis-1,2-Dichloroethylene 0.011 - - -
Halogenated Dichloromethane n.d. - - 17.89
volatiles Tetrachloroethylene 0.018 0.09 n.d. n.d.
Chloroform - 0.12 2.9 0.19
trichloroethylene - 0.23 0.56 nd.
Benzene - 0.06 1.3 1.64
Non- oylene 0.39 11 7.3 496.89
halogenated -
volatiles  Ethlybenzene 0.36 0.36 6.03
o/m/p-Xylene 0.25 15 1.48 5.50

a. Bright and Healy (2003)
b. Webber (1996)
¢. Caixach (2003)

W A%)e] Yo

evele] 85 Helgels e sk Lene)

uk WS sfak

3, 38 f1ERe) 9P 4N 8
[e]

SHAR 1?4391 Skl v71 §‘r§%94 %2 3l

e ﬂﬂ] Z 2] Ao dichloromethane®] 2.6~
28.74, 1,3-dichloropropene n.d.~143.66, toluene-
3.05~6232.09, ethyl benzene- 4.25~18.70, xylene
© 1n.d.~32.29 pgke, wet wt.7} 2tz E&Eo] QA
A4 g &8 A ole  dichloromethane®] 2.05~
169.13, 1,2-chloroethene®] n.d.~1.49, chloroform®|
n.d.~5.45, 1,1,1-trichloroethane n.d.~1.76, 1,3-
dichloropropene©] n.d.~124.50, benzene¢| n.d.~
28.03, ethyl benzene®| n.d.~9.06, xylene®©| n.d.~
23.10 pg/kg, wet wt. ©] E&=o] AT},

FEuvEte] sk €87 F VOCs &5-g oh&ve)
o] 3 £8A| F VOCs 3} vt 3 &
#HAAld £8E VOCs = E8A] A 9] gike] w|
5 AL Azke] Al wet RigtE Y EalE 7] o

woll SEA7E 0 AFAE RE o A vA

B dAYes salldd Y slldpal Aol
(SCPM200-00-1585-4) .2 A=< vy}
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