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ABSTRACT

This study aims to investigate organic compounds and its toxicity by Ames test and chromosomal
aberration in the water of the Nak Dong River. Six sampling sites such as Goryung, Hagueun,
Maelie, Duksan, Haedong and Myungjang were selected for these purposes. 200/ water samples
were absorbed on XAD-2 resin columns (2.5X30cm), eluted with organic solvents mixture of
acetone : cyclohexane and then dried under vacuum condition. The extracts from the XAD-2 resin
was injected into GC/MS and 184 organic compounds were identified such as aldehydes, aromatic
compounds, ketones, phenols, hydrocarbons, alcohols, carboxylic acids, alkanes and some unknowns.
The US EPA priority pollutants such as naphthlene, bis(2-ethylhexyl)phthalate and other pollutants,
1,2-diethyl benzene, 1,2,34-tetrahydronaphthalene and cyclohexanol were detected in these samples.
The concentration of chemical pollutants such as 1,2-diethyl benzene, nephthalene, 1,2,3,4-tetrahy-
dronaphthalene, bis(2-ethylhexyl)phthalate and cyclohexanol were ranged into 1.228 ug/l, 298 ug/l,
30.191 pg/!, 1.147 ug/l and 2.839 ug/l, respectively. The mutagenic activity of XAD-2 extracts were
tested on Salmonella typhimurium TA 98, TA 100, TA 1535 and TA 1537 and then exhibited
strong mutagenic activity against S, typhimurium TA 98 and TA 100 in the presence of So. Amon
them, bis(2-ethylhexyl)phtalate and 1,2-diethy! benzene showed the most strongest mutagenic activ-
ity against S. typhimurium TA 98 and TA 100 in the presence of Si. On the other hands, chromo-
somal aberration of XAD-2 extracts in the human blood cells were not occurred by the sampling
water at Goryung, Hagueun, Maelie and Duksan, Chromosomal aberration were also not occurred
by the each concentration of 0.05, 0.1 amd 0.3 mg/l of each 1,2-diethyl benzol, bis(2-ethylhexyl)ph-
thalate, naphthalene, phenol, cyclohexanol and benzothiazol test solution.
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Fig. 1. Map of water sampling sites of the Nakdong River.
1. Goryung 2. Hagueu 3.Maelie 4.Duksan 5.Haedong 6. Myungjang
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Table 1. GC-MS conditions for analysis of trace organic compounds

Items Conditions

Gas chromatograph HP5890

Column
Carrier gas He, 20 m//min
Split ratio 25:1

Inj. port temp. 230C
Oven temp. program
MSD parameter
Ionization mode
lonization energy 70 eV
Transfer line temp. 280C

HP 5870

Electron impact

Cross-linked fused silica capillary column, HP-5 25 mXx0.2 mm,
0.33 um film thickness

70C (2 min)—2C /min—110C (1 min)— 5C /min— 260C (20 min)

Table 2. GC conditions for analysis of trace organic compounds

Items Condition

Column Ultra 2(Cross-linked 5% Phenylmethylsilicone) 25 mX0.2 mm, 0.11 ym film thickness
Carrier gas H,, 30 mi/sec

Split ratio 100 : 1

Oven temp. 70C (2 min)— 2C /min— 110C (1 min)—5C /min— 260 (20 min)

Detector FID
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Table 4. Total ion chromatogram of organic compound at Goryung
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Table 5. Identified organic compounds at each sampling site in the Nakdong River
Compound Goryung Hagueun Maelie Duksan Haedong | Myungjang
W S W S A S W S W S W S
Total 78 80 | 113 | 94 88 71 57 62 57 55 75 52
Aldehydes - - 1| — - - - - = - - -
Aromatic compounds 18 8 20 2 17 3 5 2 10 4 14 3
Ketones 2 4 4 5 4 4 - 3 1 3 - 4
Phenols 1 3 4 1 - 1 - — 2 - -
Sulfur compounds 1 3 1] — 2 1 - - 1 - 1 -
Hydrocarbons 18 4 21 2 11 2 5 2 5 9 | 12 13
Alcohols 3 3 5 2 4 2 2 1 2 1 3 2
Carboxyl acids 4 3 5 4 2 2 2 1 2 3 2 2
Nitrogen compounds 1 10 1] - 2 1 - - 3 3 —~ 1
Fatty acids 1 3 1 1 3 4 1 5 1 3 1 2
Phosphorous contain compounds | — 1 1] - - - - - - - - -
Heavy hydrogen compounds - - 2 - 3 - - - — - —
Hydrogen compounds 2 1 1| — 1 — - - - 1 — —
Esters - - 1] — I - 1 - — —
Alkanes 4 13 19§ 31 12 14 9 8 7 12 8 10
Unknowns 20 23 22 | 44 27 34 32 40 22 14 32 15
Others 3 1 6 — 2 - 1 - 2 - 2 -

W : Winter, S: Spring.
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Table 6. Concentration of major organic pollutants at each sampling site in winter and spring

(Unit : ug/D
Sampling 1,2-diethyl- Naphthalene 1,2,34- bis- Cyclohexanol
site benzene tetrahydro (2-ethylhexyl)
naphthalene phthalate
Winter, Goryung 0.867 0.874 0.288 21441 ND
Hagueun 1.298 1.147 1.228 30.191 ND
Maelie 0.726 0.450 0.156 11.448 ND
Duksan 0433 0.239 ND 9.057 ND
Haedong 0.240 0.329 0.047 10.009 ND
Myungjang 0.117 0.175 ND 8.324 ND
Spring, Goryung ND ND ND 4.085 1.949
Hagueun ND ND ND ND 2.839
Maelie ND ND ND ND 1.067
Duksan ND ND ND ND 0.554
Haedong ND ND ND ND 0.847
Myungjang ND ND ND ND 0.417
ND : Not Detected.
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Fig. 3. Mutagenicity of raw and purified water at each sampling site in the Nakdong River.

(71 : Sampling in winter, : Sampling in spring

1. Goryung 2. Hagueun 3.Maelie 4.Duksan 5. Haedong 6. Myungjang
7. Negative control, DMSO 10 mg/plate 8. Positive control, benzo(a)pyrene 0.05 mg/plate

Salmonella typhimurium TA 98¢l 213 wHoldA
E4ol 95led frame shiftd FAo]7} deojri=d
S bl A Eddie] &Aool Hov g SAAME
7} oiAbEH 9] & o)sle] ZAsEE ZloR
Na=R31=4

Fig. 4& Salmonella typhimurium TA 1008 4}
£slo TA 983} & wpgoesm Al AHREA

o2 A7 Al ] Spd AH7IskA| ¢ AlExc)
Ho)gl o] Al ® FA¥rh=s Zprql A
%3o] #gkevwl benzo(a)pyrened platetd 0.05
mgg A8 ATl u)s)] Heltl &Ae]
shoh. a3, sl7el, vie] ¥ FHE5UXY A8
Se& ArIgE Aoy Aol de] o =3k
A, wab ) gAAgee) A9 SARRTe vl
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Mutagenicity of raw and purified water at each sampling site in the Nakdong River.
[1: Sampling in winter, : Sampling in spring

1. Goryung 2. Hagueun 3.Maelie 4.Duksan 5.Haedong 6. Myungjang
7. Negative control, DMSQO 10 mg/plate 8. Positive control, benzo(a)pyrene 0.05 mg/plate

7€ 2] revertant colonyt =7 Wkor} A
el wvlstd "4 Aok el Salmonella
typhimurium TA 15359 23 Sadwio]l 34 4
3 A 7= Fig 54 vehl i), Salmonella typhimu-
rium TA 15352} Al&lqtFol| AE&HzG FH 4
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Ames testl‘e’ Ax|sted WoldAde Halstsicta
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A5 A5T F o A Al8-S A A shed o) William-
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L. o) wigp 2dEASE TA 10022 A&
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Fig. 5. Mutagenicity of raw and purified water at each sampling site in the Nakdong River.
[]: Sampling in winter, : Sampling in spring
1. Goryung 2. Hagueun 3.Maelie 4.Duksan 5.Haedong 6. Myungjang
7. Negative control, DMSO 10 mg/plate 8. Positive control, benzo(a)pyrene 0.05 mg/plate
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Fig. 6. Mutagenicity of raw and purified water at each sampling site in the Nakdong River.
[]: Sampling in winter, : Sampling in spring
1. Goryung 2. Hagueun 3. Maelie 4.Duksan 5. Haedong 6. Myungjang
7. Negative control, DMSO 10 mg/plate 8. Positive control, benzo(a)pyrene 0.05 mg/plate
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Table 7. Mutagenecity test of pollutants by Salmonella typhimurium TA tester strains

. TA 98 TA 100 TA 1535 TA 1537
Organic compounds mg/plate
- 59 +S9 —S9 +59 —S59 +89 —59 +S9
1,2,34-tetrahydronaphtalene 0.01 201 232 121 128 120 134 180 201
0.05 200 253 125 123 124 140 223 201
0.1 188 210 149 140 128 137 236 240
0.5 220 218 152 149 201 213 204 216
1,2,4-trimethylbenzene 0.01 26 54 90 100 72 30 26 35
0.05 23 37 103 109 41 22 40 39
0.1 84 90 90 110 18 30 20 26
0.5 - - - - 7 6 4 30
1,2-diethylbenzene 0.01 24 36 92 102 92 123 114 132
0.05 24 30 86 112 120 112 107 100
0.1 26 30 78 77 102 132 99 102
0.5 14 20 22 26 18 12 13 14
Bis(2-ethylhexyl)phthalate 0.01 11 16 123 104 106 103 165 203
0.05 40 47 132 133 142 148 210 246
0.1 90 91 156 134 120 128 172 194
0.5 116 112 143 145 117 86 215 214
Naphthalene 0.01 117 79 120 94 84 130 86 88
0.05 95 92 126 102 140 140 125 130
0.1 124 119 94 101 148 17 149 140
0.5 8 9 23 - 72 - 5
Phenol 0.01 83 85 83 85 120 113 82 43
0.05 93 90 93 90 63 164 92 55
0.1 119 15 116 154 143 12 119 117
0.5 9 5 4 7 10 30 16 12
Cyclohexanol 0.01 36 37 96 159 18 36 20 37
0.05 36 34 150 141 20 18 25 38
0.1 16 29 - 12 - 7 10
0.5 - - l — — — 23 - —
Benzothiazol 0.01 43 26 94 29 25 22 39 30
0.05 48 30 91 74 38 17 54 28
0.1 7 10 35 36 25 — 10 20
0.5 - - - - — 48 - -
Negative control(DMSO) 105 20 13 16 28 30 - 26 37
Positive control 0.01 65 82 87 93 77 87 94 | 103
(benzo(a)pyrene)
j
— : Not Detected.
1,2,34-tetrahydro naphthalene, 1,2,4-trimethylben- Fo) f71edEH 58 S typhimurium TA 98, TA

zene, 1,2-diethylbenzene, bis(2-ethylhexyl)phtalate,
naphtalene, phenol, cyclohexanol %! benzothiazol-&
platew 0.01, 0.05, 0.1 % 0.5 mg® A7}t 2, po-
sitive  controlZ4]+=  benzo(a)pyrene (0.01 mg/
plate)& AR8-3to] ol BAA§HE Ak
Table 7oll4 ¥ wiel jro] HMuko] sbgglyd 8%

100, TA 1535 3! TA 153724 Wo|iAE 4§
A3 Aupd o g 1,234-tretrahydro naphthaleneo]
revertant colony”’} 7} Wi, I ©}-5o] bis(2-
ethylhexyl)phtalate naphthalene®] <=4}
Positive control®4] AH£-% benzo(a)pyrenes} ¥]
@ate] Hud 2HE §r1egEAe] ¥ At W

=1
=
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shrh el Se AU AE Se& Avlsir] o
gks wl ¥riwe WHolA el revertant colony37}t
=9kt

BoA)Fo) Abg% 7hE shsbEale) % v} plated
0.01, 0.05 mg % ()lmgOl] A= v A revertant col-
ony7} # A+3kglent platerd 0.5mgel wi= %
ulA © 2 revertant colony?} A% A eatrh °]"—
¥ S%0) H.ugh Axpe) vulgk Agko platetd
71 EAe w57t Fo9 S typhimurium A EIF
Fo) A§S A7 gFal ez Pryich

Nestmann®™-2- =58 Fofl 2%l H2lo] 54
alkylbenzene, hdlogenated methane, halogenated
ethane2} A7} glci 3l¢lal, Meier 5#&
AEAE wolglde) figle] "ohia shgdh sre]al
E F9 total organic carbon(TOC) =+ KMnO,
AweFel Sl wolglAd e gigle] gln ™ gxbA
hydrocarbon®} TOC* #7124 #gHEx shtel
® o) 14 o] parameter7} Slcki sholch fig ¥ 55
- TEAE] FredEAN B A 415 dE)
o TA 98, TA 100 3! TS 26378 o] -&-3}o] Wo) YA
A18S AAE A 2188 Sy EAFtdlq ol
s vepliglaa skgck

B Al olE &R HrledEA Sl
tfgl #Ho)IAle- positive control Bt} revertant
colony =7} go] A g|glom g Wolglde] ghijol
A Aog dhgisich

3. HMH HolAY

G5k FAE E, s, e,
A, gz @ gl Ao A W
oA EE AMER A A FAA elly= o}Fud
Wol7b aojux] oighehFig. 7). nbx e g ol )
o] A3 Chinese Hamster Ovary(CHO) cells®
Algsle] gz wio]d HAsAIt B Ajge A}

q AR} 4= A}

e "olg Apgagloh
alxl #7154 & 1,23 4-tetrahydronaphtha-

lene, 124-trimethylbenzene, 1,2-diethylbenzene,
bis(2-ethylhexyl)phthalate, naphthalene, phenol,
cyclohexanol ¥ benzothiazol-2- 27} 0.05, 0.1, 0.3
mglE FETA ¥ Agh o gad W

oAl & AAgE A} dMa] weld zbolE £
3l chFig. 8).
Bartsch %-%& 1,1-dichloroethane®. 2 <44 x|

Hol A& A} ofAdS velldoky dhgioerd, ¥
F5% P EL) Ao HA) mEA Hell 4] S, H
7pAlel ofAd o g wa)sleich. Abes} Sasakii= bi-
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2 I S YT TR LS Y
fah 00 4d 1 18 3 As
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Fig. 7. Chromosomal aberration test in human blood
cells in culture of XAD-2 extracts from Gory-
ung sample in the Nakdong River.
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Fig. 8. Chromosomal aberration test in human blood
cells in culture by addition of 1,2,34-tetrahy-
dronaphthalene.

phenyl& vl E-9) Fadwle] A)d 2 ZHEE W)
FAl el o)sted o MA ol W ejod A K wst
Aol g4 A9E Jehligdon Bonsigic
e ey EHZ deal bis2-ethylhexyl)

phthalatex= 444 ol el 4] ket Exlg
ot ot wellyg Aol e AE H4 552
stod HAMARE AAE A3t FAoIUEL See A
7Vt in vitro®] WelA Aol SAog o}
elydo} tE bis(2- ethylhexyl)phthalate-J b
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Q] monoethylhexy! phthalatet= z}ojod 44| = 3to]
dofu}z] efgtot GHA e Velgdon®
bis(2-ethylhexyl)phthalatet= Sg-& #7}s}e] A3 g
Az G o] ake] dolu}x] epstrar Harslsicth
i 59 FEEY HrledEA B 1 A
413585 E{-5Eol gk J 44 Hel Al A% acryl-
onitrile, acrylamide, anthracene, acetophenone,
pyrene, biphenyl, 1,2-dichloroethane ¥ benzalde-
hyde= Sy 7} o1 ¥-s) 4akele] 25 Qf4oliont
29} 2AE SAelslTh shde

B AgARN ApAH 67 w55 A5} 8
712 F71edEde] A wle|A)gls g A
3 AHe g Al(autosome) 224, A AW A(sex
chromosome) 14 = o484 467 257} A Alelgd
o g4 wjdAteal Aol A A (centromere)
ql whetH(short arm)¢} #AeHi(long arm) Z&|1
band <FAtE A Atolgdr) el P EAZ
alsle] wl e 7hgo] Qle kARl §A 3
Zwl= 723 Z3kel "3 translocation), F¢
A Al (isochromosome), 7 Al(deletion), < $l(inver-
sion), 34+ 93 ¥ (ring chromosome) % 257}
Aoz oA wWely) wbAs ] 942 o I}

= et

2
N
Chu

o] ¥, s, viel W
A S FYEE FETdAeg
JAAFAe] B8 AL FA 29 a4y
GC/MS=E. §71E3 & galgh 3 olE B4 g3
Edod g afolH 7] $13ke] Ames test ¥ G A
wolAlgS AAjskedck

F7184 AES sisl A AEE 27 2000
4 AFste] XAD-2 Aol F2HA71, ace-
tone-cyclohexane E&&vj2 FEF & FE3}o]
GC/MS=E. #4438 Ax {7]EUE1= aldehydes,
aromatic compounds, ketones, phenols, hydrocar-
bons, alcohols % carboxylic acids & 184-5°] 3t
Qsigler] wstel £1 % alkanei7} 1475012
t} #Hel®l B4 Foll= EPA ¢4 #5] eodEaql,
naphthalene, bis(2-ethylhexyl)phthalate?} 7]4-%]%]
2 £9EH2 1.2-diethylbenzene, 1,2,34-tetrahy-
dronaphthalene, 1,3-diethyl-5-methylbenzene, 1,2-
benzenedicarboxyl acid, 1,3,5-triethyl benzene, 4,4-
dimethyl-1-pentene, 1,6-dimethylnaphthalene®} %
oF5-= 2-butoxy ethanol phosphate”} 71&5]g]c).

71549 gk 12-diethylbenzene ND~ 1228
pg/l, 1,2,3,4-tetrahydronaphthalene ND~ 30.191
ug/l, naphthalene ND~1.298 pg/l, bis(2-ethylhexyl)
phthalate ND~1.147 pg// 28|31 cyclohexane-
ND~2.839 pg/l°] itk

g, B4 5 cholr ] $isle] 47bF-o] 12
2% X 8E Salmonella typhimurium TA 98, TA
100, TA 1535 ¥ TA 15372 Eodde] 4% 4
g A dardo g AgHe] FAHN} revertant
colony 7} wskal, TA AldHdF 5 Salmonella
typhimurium TA 98 2 TA 1009 Sy & #H7}s}ed
AL w EorolgdAde] vieldovt Hege
B soldeld Aol vEhA] ofsioh

a8, {71295 H F bis(2-ethylhexyl)phtha-
late, 1,2-diethylbenzene-> S. typhimurium TA 983}
TA 1009] S¢& H 4 AlHo)A Eoldd S
vehf & revertant colony”} 7F4 #adrh

Abare] "ol M2 G o) gate] QA HelXEE
AR & At pEgl AE A wHelzt deubx]
o¥grewy,  12-diehtylbenzene, bis(2-ethylhexyl)
phthalate, naphthalene, phenol, cyclohexanol %
benzothiazol S zHzb 0.05, 0.1, 0.3 mg/le] FE=
A7k Aol A4 Hols oAl ekorh
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