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Conterhporary Organic Contamination Levels in Digested
Sewage Sludge from Treatment Plants in Korea
(3) Organophosphorus Insecticides
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Organophosphorus pesticides (OPPs) contents in the sewage sludge derived from the residential and
industrial areas were determined in order to characterize contemporary organic contamination levels as a part of

the ongoing development of the environmentally sound sewage sludge management strategy in Korea. OPPs
were extracted from freeze-dried sludges in a ultrasonic extractor. The extracts were cleaned-up by florisil
column and subsequently fed into gas chromatograph/nitrogen phosphorus detector (GC/NPD) for determining

OPP contents. Diazinon, dimethoate, disulfoton,

EPN, malathion, methy! parathion,

parathion, phorate and

sulfotep were present in the appreciable amount in the domestic sewage sludges. The sum of the 9 OPPs in the
sewage sludge varied from 534.8 to 15552.1 pg/kg, dry wt..
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o) x4 gk’ thion, parathion, methyl parathion® 42 ZAA

F7I0A A 874 F AT A2 w9 2 URUA FAEE F2o 2o Ut} (Table
ZAE WA EFow -Er?J% Fole HY TE 1. o] #7)1AA AFAe gFS GC/NPDE A
Aol gaf iyl TR FAEAY AY E ¥ F EAGAT B A7 EH AFdE g HE A
0111 ESE QgAML g, Aot 48 2 g £¥AY By 3393 gotsten =
AA7A B & $719A AEA BF2L W gol @ ol '
7], AF, 9, AxESF, d¢ HFE, L4 5 &
2 79 34 ojddME LHE Axz Py 2, AME A 9y
S AEoln] o] FHFEo U B4 HA Folx 21 Am
T YT K710 AFAS RRE B 20 B AT ME 20039 5~99 oz 174 5
o5t °§f€}% dom AFAY TF, A, & £ AYA WA, 95 AP 140204 @5 Ao
T, XA 5o we g2 Jerdt®, ol a gee) 2 500 nt 25w o) x}H &9
F 77IQA AEAY AR A Adel Y o AHEE 28w e AAE Ao 9BdA A
ol st EaiAle] JAE FHZ EAA k. A7 F UBuE 398 g9 QFE uof
7197 SEEL ARGl WAZ FF  muffle furnace (Thermolyene, USA)lA 500C 2
1 53] pH7F 7 Brf 2 9ol o & 38T, 47 o)A ARAA £7128 AASD methylene
Y dFe o0& L9SHES I & £ chloride® 33 o]AF MolFE B AxAA ALY
Aol it Ha, dkr feAe HFHoZ A o AHY ARE 20T olstillA T4 AzAA
el ua) o ] AZ A FHEAEE oﬁ Baslgct
AMAA Ao B3] e vEd (gl F 22, Aok
2 EAQAE FESYAE, oAF F *gaoﬂ o} oo . .
dare oA Do 1999y W= gopale s .Dlmethoate, disuifoton, ;iaxliathlon, methy‘l par_a—
ASE (Lo ng Island Soun Dol AJE 1) npo) 2l thion, phorate, sulfotep®] ¥3%t® OPPs calibration
~2 871= WAE FA57] 95te] ALE S mala-  Standard (—?E 9.8 % .O]’é})% Supelco .(USA) Ak,
thiono] 3] °ﬂ 2950l By Ao YAk 2 EPN, malath}on 3 diazinon& phemserV1ce (USA)
dolt®. mepx HE ARY SA0] gy ¢ oA THUIHAT (Table 2, Fig. 1),

NQA BEAY FRYG gL 2 AYE BAR
delA YAHe Aay Ao

g aFelAle] guggde AA S @
ful

@Ay (BEAAA7 2 Jd=E T FE
o7 ¥3= EPN, parathion, diazinon, malathion
s

B £35ted dimethoate, disulfoton, methyl para-

thion, phorate, sulfotep?] 9& o2 MAs G}

ULTRA RESI-ANALYZED methylene chloride,
aceton, n-hexane J.T. Baker (USA) A}, Florisil
Merck (Germany) A}, BAKER ANALYZED
copper granule (20~30 mesh)& ]T. Baker A},
Sodium chloride (NaCl)$} anhydrous sodium sul-
fate (Na:SOs)= Aldrich (USA) AlellA]l -9 &}
AbEStATh & Az AMEE B2 Milli-Q wa-

f

Malathion®} parathion A|AIR B EA7]5 (WWF)  ter system (Millipore Inc, MA, US.A)& F3A|A
Wi Al AlEF BEe] Egse] 93 mala- AR golgojr,

Table 1. Lists of domestic and world-wide regulative OPPs

diazinon EPN  malathion methyl parathion  ref.
arathion

Water Quality Conservation Act ) 0 0 0 [21]
Soil Environment Conservation Act ) o 0 ) [21]
Waste Control Act 0 o 0 0 [21]
Marine Pollution Prevention Act o 0 0 o} [22]
Management of Drinking Water Act 0 0 0 [23]
Framework Act on Environmental Policy 0 o 0 [23]
WWE (World Wildlife Fund) ) ) [24]
Japan, Ministry of Health Labour and Welfare 0 0 0 {24]
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Table 2. Chemical formula and IUPAC name of the studied OPPs

Compound Formula TUPAC name
diazinon CizHaN203PS 0,0-diethyl-o-2-isopropyl-6-methyl pyrimidine-4-yl phosphorothioate
dimethoate CsHi2NOsPS2 0,0—~dimethyl-s-methyl carbamoyl methyl phosphorodithioate
disulfoton CsHigO2PS3 o,0-diethyl s-2-ethylthio ethyl phosphorodithioate
EPN C1aH1aNO4PS o-ethyl-o-(4-nitrophenyl) phenyl phosphorothioate
malathion CioH1906PS2 0,0-dimethyl o-4-nitrophenyl phosphorothioate
methyl parathion CsHioNOsPS s—1,2-bis(ethoxycarbonyl) ethyl o,0-dimethyl phosphorodithicate
parathion CiwHuuNOsPS 0,0-diethyl o-4-nitrophenyl phosphorothioate
phorate CHi1OPS3 o,0-diethyl s-ethylthiomethy! phosphorodithioate
sulfotep CsHaoOsPoS: 0,0,0' -0’ —tetraethyl dithiopyrophosphate
?/
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Fig. 1. Chemical structures of the studied OPPs.
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Fig. 2. GC/NPD chromatogram corresponding to the
analysis of sewage sludge sample. (Peak:
1=sulfotep, 2=phorate, 3=dimethoate, 4=diazinon,
S5=disulfoton, 6=methyl parathion, 7=malathion,
8=parathion, 9=EPN).

%ol A& uA st 959 OPPs o9 % ¥e y
271 gAgq gehy Fow o5 zaxe
st 24 9 373 =4 249 oL _,,]3}1 e
y3o] thdted GC/MSE o] &3 3etE o]
A ero] Wasth

6}¢r Aol ¥ OPPs A% 9F-
(External Standard Method)"i 3
Ag AFFAL 20~2000 ng/ml FE
ALg-sto] ZAAdSET. REE ] g
W2 A7 (R, retention time), ‘Eﬂﬁf
6 RSD, relative standard deviation), 47
‘}74] (MDL, minimum detection limited), &1
AA% (%, calibration coefficient) ol EH?SL tlo)
T Table 3ol Yepiith. Ztzbe) S0 did %
RSD¥ 066~219 % 2 vElyta MDL2 005 ~
041 pgkg 2 vebdch =9 2 SEEE PR
o] ARASE 09978~099978 FEFET} (Table 3).
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2 AFdANE Ax 28709 st 2 H4HE &
YA F 959 $71994 4EA (diazinon, dimethoate,
disulfoton, EPN, malathion, parathion, methyl par-
athion, phorate 1] 1L sulfotep)E Z}7t A% 2A
FAT 7 €A E Vet #eAA EFol
upe} sk Aol FAAE S1~S162 3hA T
AR H Aol SAS [1~114E H4H
g SYAZ FEIFeH B A7 EXHL Ui
Hor FYA Y 54 wHolBR st HE A
Al o] A2 of7)d AR gsk) ZF A g
Aol A BAEE st S8R F 9% OPPs ¥
=% Table 49} 59 YeSI

seAE €83 F X9 OPPs =8 YE 10
4~44711 pe/kg, dry wt. 2 22991 GFs5E
2226.3+1212.8 (median 1732.9) ug/kg, dry wt. HTh
Ay €94 F X9 OPPsY sEE 4953~
15552.1 pg/kg, dry wt. 3 Hd 3586.3+1608.0
(median 2425.2) pg/kg, dry wt. o]t}

Table 3. Retention time, relative standard deviation, minimum detection limit and calibration coefficient of OPPs

Target compound Retentlgn RSD (%) MDL (ug/kg) calibration coefficient (%)
time (min)

sulfotep 10.96 1.63 0.17 1.0000
phorate 11.37 2.14 0.12 1.0000
dimethoate 11.86 101 0.07 1.0000
diazinon 12.63 1.28 0.15 0.9990
disulfoton 13.02 1.39 0.13 0.9999
methyl parathion 14.13 157 012 1.0000
malathion 14.92 1.01 0.17 0.9992
parathion 1532 0.66 0.11 1.0000
EPN 20.04 1.25 0.14 1.0000
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Table 4. Concentrations of OPPs determined in sewage sludge derived from municipal sewage treatment plant (uzg/kg, dry wt.)
Plant St S2 S3 54 S5 6 S S8 89 510 su S12 SI3 S14

Treatment *) ) ves)
Method A A A A A A A A A A A A B C

OPP S1 52 53 4 S5 86 ST S8 59 SI0 S1 S12  S13_ SH
diazinon 2606 1866 2326 3211 1790 1932 2128 4133 2252 2663 2779 1503 2558 1609
dimethoate 915 89 1111 6335 5737 1137 1509 2329 nd 936 408 587 1031 422
disulfoton 3462 1557 2588 19220 3965 974 2047 4517 2710 2668 2746 1770 2706 1438
EPN 13380 1312 1489 4432 20491 864 1129 1730 661 1159 1046 883 nd 1742
malathion 3332 2706 3201 3106 3502 2068 24665 3053 3174 2441 2439 1900 3594 5882

methyl 597 4143 2755 1985 3185 628 1657 2305 1063 1123 8072 1275 1018 1936
parathion

parathion 583 415 2724 485 617 448 1293 818 679 584 288 629 463 3707
phorate 2202 1658 952 4419 2625 569 R4 10061 983 1323 1045 1313 1547 520
sulfotep 310 243 433 1318 1980 1034 1781 2662 443 2528 424 225  nd 82.7
S OPPs 15386 17069 17589 44711 43892 14644 39133 31609 11965 15417 19285 10174 12016 17833
A” activated sludge process
B™ extended aeration process

C™” advanced nutrients treatment process
n.d.="not detected’

Table 5. Concentrations of OPPs determined in sewage sludge derived from industrial wastewater treatment plant (pg/kg, dry wt)
Plant n 12 13 4 5 16 I7 8 9 110 111 112 113 114
Wastewater food food food food food dyeing dyeing leather leather textile composite composite paper styrofoam
OpPP 0 12 13 4 b 16 17 I8 9 110 111 112 113 114
diazinon 1831 4353 3576 16161 4391 1332 2178 2062 189 2152 23B7 2213 1847 26717
dimethoate 662 nd. 27925 814 2670 1262 1018 489 1592 1026 12185 25 7 914 nd.
disulfoton 1406 4534 4463 18308 23477 1169 1283 2446 1069 2652 1844 2128 2255 241

EPN 421 1679 3182 1595 nd 2144 4231 nd nd 10826 2278 nd. 1186 171.6
malathion nd.  nd 3723 nd 2909 1922 6029 2514 12924 5239 9995 2937 2386 219.2

pﬁiﬁﬁn nd nd 1023 6363 %36 674 1473 1869 241 28L1 2870 2019 1418 1040

parathion nd nd 2457 108181 2232 14871 599 287 nd. 273 4679 5.3 8.6 £69.9
phorate 291 1636 6031 2657 1478 3374 415 850 1608 920 1308 1075 16521 nd.

sulfotep 2901 2420 10494 892 2094 4640 285 2B27 551 419 7212 nd. 45.2 1227
2. OPPs 4953 1517.2 6247.2 15552.1 48887 31387 1751.0 20843 22186 2631.8 44729 11869 27845 12392

n.d.="not detected’
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Fig. 3. Concentrations of OPPs in sewage sludge derived from municipal sewage (1) and industrial wastewater

treatment plants (2).
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