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Mutagenic Activity of Organic Pollutans in Drinking Water in Seoul
Dongchun Shin, JaeYeon Jang, Seong Joon Jo, Yong Chung

Department of Preventive Medicine and Public Health,
Yonsei University College of Medicine.

To measure the mutagenic activity of micro-organic pollutants in drinking water, mutagenicity test

was conducted using Salmnella typhimurium TA 98 strain on the water sample taken from three water

supply stations and six tap water in Seoul in July and November 1987.
The results were as follows .

1. The average amounts of organic matters in raw, treated, and tap water sampled in July were 0.38mg/,
0.28mg/l, and 0.45mg/l, respectively, and sampled in November were 0.34mg/l, 0.24mg/], and 0.22mg/l,
respectively. The amount of organic matters of tap water sampled in November did not increase while

that of tap water sampled in July increased compare to those of raw or treated water.

2. The amount of organic matters is the highest in neutral fraction compare to acidic and basic fractions.

3. In the five out of six tap water and raw water of Paldang and Kuui station sampled in July, the

mutagenicity ratios were greater then two(both direct and indirect mutagenicity).

4. In the three out of six tap water and raw and treated water of Kuui station sampled in November,

the mutagenicity ratios were greater than two.

5. While mutagenic activities were low in acidic and basic fraction, they were high in neutral fraction.

The samples which had high mutagenic acitivity in the total amount also showed high mutagenic activity

in neutral fraction.

6. While mutagenic acitivity was decreased after the treatement of water, it was increased in tap water

as the distance from the water supply station increases.
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Table 1. Water sampling sites along the water supply
line

Water supply station Site 1 Site 2

1. Paldang Jamsil Banpo

2. Kuui Tapshipri Mia

3. Bokwang Hongje Bulkwang

sampling . raw
and treated water

tap water tap water
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Fig. 1. Sampling sites of drinking and raw water in
Seoul
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Fig. 2. Flow diagram of separation of organic matters in

water samples.
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Table 2. Water quality of raw, treated, and tap water sampled in Seoul(July, 1987).

Samples pH Helr)glr%le)ss KM?%m\Salue I(\préqr;llsl p%zrﬁl\)l

Raw water

range 59—6.1 583—71.2 42—53 0.03—0.05 N.D.*—0.03

mean 6.0 66.5 45 0.04 0.01
Treated water

range 6.0—6.2 51.0—67.3 31-38 N.D.—0.04 N.D.

mean 6.1 585 33 0.02 N.D.
Tap water

range 59—6.1 40.8—734 26—3.2 N.D.—0.04 N.D.

mean 6.0 _ 530 3.0 N.D. N.D.

*N.D. : not detected

Table 3. Water quality of raw, treated, and tap water sampled in Seoul(November, 1987).

Samples pH H{asgrrhe)ss KM&%m\Salue I}-IIJ%;IN {\Irgzml\)l

Raw water

range 58—6.1 60.4—67.3 44—54 N.D.*-0.13 N.D.—0.02

mean . 6.0 64.3 4.3 0.06 0.01
Treated water

range 6.0—6.2 55.1—61.2 3.5—4.1 N.D.—0.05 N.D.

mean 6.1 58.6 38 0.02 N.D.
Tap water

range 59—6.1 59.2—93.8 28—4.1 ND N.D.

mean 6.0 74.1 3.5 N.D. N.D.

*N.D. ! not detected

Table 4. Amount of organic matters in raw and treated water at water supply sites in Seoul(July, 1987).

(unit : mg/D

Sampling site total acidic basic neutral
Bokwang

raw water 0.30 0.06(20.0) 0.03(10.0 0.20(66.7)
treated water 025 0.05(20.0) 0.03(12.0) 0.14(56.0)
Kuui

raw water 041 0.04( 9.8) 0.02( 49) 0.06(14.6)
treated water 0.19 0.02(10.5) 0.01( 53) 0.08(42.1)
Paldang

raw water 0.42 0.05(11.9) 0.01( 24) 0.28(66.7)
treated water 041 0.04( 9.8) 0.01( 24) 0.11(26.8)
Mean +SD

raw water 0.38+ 0.07 0.05+ 0.01 0.02£ 001 0.18+0.11
treated water 0.28+0.11 0.04+ 0.02 0.01+ 0.01 0.11+0.03

() : proportion of each fraction to total

A3, Yol 018mg/N2 7HE Wol X AU AFAF Wl 44,
(Table 4). 3HF< BPo] FFEG dFoA {71€9] 7S fr18Ee] Higtel F FEE0M 045
Fo] e RE BPo] YFE dad BHECE 13 mg/lE 459 HYFET 23 FAEY /M gt
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Table 5. Amount of organic matters in tap water sampled in Seoul(July, 1987).

(unit : mg/1)

Sampling site total acidic basic neutral
Hongje 0.24 0.06(25.0) 0.06(25.0) 0.10(41.7)
Bulkwang 0.74 0.18(24.3) 0.08(10.8) 047(63.5)
Tapshipri 0.33 ‘ 0.05(15.2) 0.01( 3.0) 0.17(51.5)
Mia 0.81 0.09(11.1) 0.01( 1.2) 0.55(67.9)
Jamsil 0.36 0.06(16.7) 0.02( 56) 0.22(61.1)
Banpo 0.21 0.03(14.3) 0.01( 4.8) 0.10(47.6)

Mean#+ SD 045+ 0.26 0.08+ 0.05 0.03+ 0.03 0.27+ 0.19

() : proportion of each fraction to total

Table 6. Amount of organic matters in raw and treated water at water supply sites in Seoul(November, 1987).

(unit : mg/1)

Sampling site total acidic basic neutral
Bokwang

raw water 0.32 0.05(15.6) 0.01( 3.1) 0.19(59.4)
treated water 0.24 0.01( 4.2) 0.01( 4.2) 0.10(41.7)
Kuui

raw water 0.39 0.08(20.5) 0.01( 26) 0.24(61.5)
treated water 0.24 0.02( 8.3) 0.10( 4.2) 0.15(62.5)
Paldang

raw water 0.30 0.04(13.3) 0.03(10.0) 0.20(66.7)
treated water 0.24 0.02( 8.3) 0.04(16.7) 0.17(70.1)
Mean + SD

raw water 0.34+0.05 0.06x 0.02 0.02+0.01 021+ 0.03

treated water 024+ 0.00 0.02+ 0.01 0.05+ 0.05 0.14+ 0.04

() : proportion of each fraction to total
Table 7. Amount of organic matters in tap water sampled in Seoul(Novermber, 1987).
(unit : mg/1)

Sampling site total acidic basic neutral
Hongje 0.24 0.03(12.5) 0.01( 4.2) 0.19(79.2)
Bulkwang 0.21 0.03(14.3) 0.01( 4.8) 0.14(66.7)
Tapshipri 0.16 0.02(12.5) 0.01( 6.3) 0.08(50.0)
Mia 0.16 0.02(12.5) 0.01( 6.3) 0.09(56.3)
Jamsil 0.31 0.04(12.9) 0.01( 32) 0.22(71.0)
Banpo 024 0.04(16.7) 0.04(16.7) 0.15(62.5)
Mean+ SD 0.22+ 0.06 0.03+ 0.01 0.02+0.01 0.15+ 0.05

( ) : proportion of each fraction to total
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Table 8. Mutagenic activities of extracts of raw and treated water supply sites in Seoul(July, 1987).
(unit : revertnat colonies/5] of sample)

Sampling site total acidic basic neutral
+59 —59 +S59 —59 +59 —S9 +S9 —S9
Bokwang
raw water 56 43 35 30 28 32 54 42
treated water 76 37 31 28 42 26 61 36
Kuui
raw water 93 41 51 33 57 26 75 49
treated water 38 3H 29 25 26 28 44 26
Paldang
raw water 91 65 44 30 41 32 69 44
treated water 31 29 32 33 27 21 45 30
DMSO A 21
B(a)P 301 24

Table 9. Mutagenic activities of extracts of tap water sampled in Seoul(July, 1987).
(unit : revertant colonies/5] of sample)

Sampling site total acidic basic neutral
+59 —S9 +59 —59 +S9 —S9 +S9 —S9

Hongje 72 59 36 32 44 47 68 48
Bulkwang 100 93 39 75 39 38 71 57
Tapshipri 58 31 27 21 12 26 51 23
Mia 71 51 25 25 48 32 68 59
Jamsil 79 48 31 29 33 22 74 51
Banpo 81 58 61 32 25 32 82 56
DMSO K7 21

B(a)P 301 24

Table 10. Mutagenic activities of extracts of raw and treated water at water supply sites in Seoul(November, 1987).

(unit : revertant colonies/5] of sample)

Sampling site total acidic basic neutral
+S9 —S9 +59 —59 +59 -S9 +59 —S9
Bokwang
raw water 55 45 30 27 72 25 69 34
treated water 46 30 31 26 38 32 42 24
Kuui .
raw water 65 40 40 29 42 25 68 57
treated water 69 50 27 21 38 25 58 57
Paldang
raw water 50 32 39 31 A 16 62 33
treated water 50 39 26 26 42 16 44 35
DMSO 33 21
B(a)P 424 21




Table 11. Mutagenic activities of extracts of tap water sampled in Seoul(November, 1987).

(unit : revertant colonies/51 of sample)

Sampling site total acidic basic neutral
+S59 —S9 +89 —S9 +59 —59 + 59 —S9

Hongje 78 72 30 27 29 13 56 43
Bulkwang 66 38 39 23 61 15 50 43
Tapshipri 68 43 18 27 22 19 71 38
Mia 77 47 37 25 31 22 29 21
Jamsil 58 40 39 18 32 23 37 38
Banpo 66 38 79 38 61 33 39 35
DMSO 33 21

B(a)P 424 21
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Table 12. Mutagenicity ratio of raw, treated, and tap water according to water supply lines in Seoul(July, 1987).

Water supply total acidic basic neutral

line +S9 —S9 +S9 —S9 +S9 —S59 +S9 —S9

Bokwang :
raw water 17 2.1 1.0 14 0.8 15 16 2.0
treated water 22 18 0.9 13 1.2 12 18 17
Hongje 21 28 1.1 1.5 1.3 22 20 23
Bulkwang 29 44 1.2 38 12 18 2.1 27

Kuui
raw water 2.7 20 15 16 1.7 12 22 23
treated water 11 16 0.9 12 08 13 13 12
Tapshipri 17 15 08 10 12 12 15 11
Mia 2.1 24 0.7 1.2 14 15 20 2.8

Paldang
raw water 2.7 31 13 14 12 15 20 21
treated water 09 14 09 16 0.8 1.0 13 14
Jamsil 2.3 2.3 0.9 14 1.0 11 21 24
Banpo 24 2.8 1.8 15 0.7 15 24 2.7

* mutagenicity ratio=Number of revertant colonies of smaple/Number of spontaneous revertant colonies



Table 13. Mutagenicity ratio of raw, treated, and tap water according to water supply lines in Seoul(November, 1987).

Water supply total acidic basic neutral
line +59 —$9 +59 —-59 +59 —59 +59 —S9
Bokwang

raw water 1.7 21 0.9 13 22 12 21 16
treated water 14 14 09 12 12 15 13 11
Hongje 24 34 09 13 09 0.6 17 2.1
Bulkwang 2.0 1.8 1.2 11 1.8 0.7 15 21
Kuui

raw water 20 19 12 14 13 12 21 2.7
treated water 21 24 0.8 10 12 12 18 2.7
Tapshipri 21 2.1 0.6 13 0.7 09 22 18
Mia 23 22 11 12 09 11 09 1.0
Paldang

raw water 15 15 12 15 1.0 0.8 19 1.6
treated water 15 19 08 1.2 13 08 13 17
Jamsil 18 19 12 0.9 10 11 11 1.8
Banpo 20 18 24 1.8 19 16 12 17

raw water

[ treated water

100 tap A (close from water supply)
E== tap B (far from water supply)

AN

Revertant colonies per plate

AAAANTARAANANNRNANN U NNURRNRRARRNRNNRY

AAANNANNANNNNNRNNNRNNNY

\NNNANNNNNNNN

+
5

+89 -89

Bokwang Kuui Paldang

Fig. 3. Mutagenic activity of drinking water(July, 1987).
(extract of 5 litter samples were tested on one
plate)
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AAS AN} GaibEF dAAT] AFge] mas
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rtiainen¥ Liimatainen(1986) 2] A7oME @ @Go] 4
FA G ALAEE S84V 45 TA 98T F4
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ryselA 2852 EQuoldAS EAT AT &
Egol 2] Eiol A vzt 20189 A4t A3 3l
2 A7 v 943 Ys Edon B FA4%

o] o] v7t AHEEE AV YR 2
Az B A7 A7} v)=d M Grabow 5, 1981).

F% /715347 g4t whgsle AdEE nFR)
SYEAL 2k, WH3AIRE pHY 4EE WA (AS
3 5 1984). o 79 Az Az sHAFERYG
Az ARFF7E Edolde] e o3 &
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Table 14. WHO guidline of drinking water quality

HoldAd Edo] go| AT AL Hil= oS3
27t ol EAHCIAEA Aol RolRA7 g
Aog HAH v

Douglas’s(1986) 2 Salmonella typhimurium TA 983}
TA 1002 ©] &8 S8+F §710 982 EdYUA
AN F 35 BT QoA gAIEA AL AWt
32 & Z$ (S9 negative) EAWol AT =4
Uebtth gte] 2 479 Zol& BY o} Schwatzs
(1979) 2 F5HA %2 AR TA 1008 ¥Hg&-Ao]
FUL 5 A A= TA 98] o] 2 wre-alglen
ol tiAlEgdS Fee Yty Bl & o
ToA= TA 98S o] &3 SdHoldA 484 Ay
AEAE A7 AL AR g A B F
AN £ 2H4E 4E & ASE FAsYoh

7837 1€ A8 BT dued 718 dAe Aes
FAZEE 9EAFT Ak 28y of FrE £A7)
Tolle A3 3183 B2 BHHEE Holdm
TF EAde vFF7ILPGELD F A1Ee A
Atk mebM Ao A £A7|E) AE} 45
dtigte o] AT AAZ Hol & f JYxo] AW
ol ¢S 7 Q& v EFF7IL GBI EC] EAI7} Hol

Substances Guide-line(mcg) Remark
aldrin and dieldrin 0.03

benzene 10

benzo(a)pyrene 001

carbon tetrachloride 3 tentative
chlordane 0.3

chlorofrom 30

2,4-D 100

DDT 1

1, 2—dichloroethane 10

1, 1—dichloroethane 0.3

heptachlor and 0.1

heptachlor epoxide

hexachlorobenzene 0.01

gamma-HCH (lindane) 3

methoxychlor 30

pentachlorophenol 10

tetrachloroethene 10 tentative
trichloroethene 30 tentative
2, 4, 6—trichlorophenol 10

trihalomethane

no guideline set see chloroform
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1984).

nFFLHED e FA7E AR o8 2
Ae AR AFFES o&F RE EAdAYd 4
HE 7o g 3u Jon APFENA SA4S f2
ANE A$E @717 s mgd g 3oz 3713,
AELo] A7t =E2HE A AWIEE oY
=z 9] AH(44E, extrapolation)o] T sich

olZ3 AP L AR oy HAED =FE ARZ
AN Fe A7) o7 § e iz FES
FAehe A8 #49) AF=H7H(Alm, 1985) 71 7t
Stk AARBATANN Y FENEL fle=
Bro) ZAE FoH o}F EHAEIF FEA ¥t
YA=F71e Aol Yot dAAE A dtde
44 71%(tentative guideline)& A&t E& 7
29 JIZEL APELY SAAEI | FoEHA &
49 #8324 g A=Yt 7HeElte] IeE ol 2
Agtd FE71EE AEA B FA ATk

ol el AFHLe F Adlo] AW A2AH7} 8
FAAY 2L g AUNA AYES & & e ARE
AFEN BEIgvhe AHolw o ATl IAA
A3 oz A& ZAFEe dol "asdiek x £
olgA e Uehlle £3d Xy AL 7933 &
FEA LA HlohHe] B ATFES WP
2 FAMNE Y7 F28F Fol shedteE A4
Atk

v.g B

S84 IS e nFHrIeaEDY 27
EdHo)YAe ZAE] Sigte 1987d 743 1194 F
Aol AH MEA 2 LT AXF HEF 6744
HoA 7] NEE N33 Salmonella typhimurium
TA 988 ARR-3td A3y o 1 Axe ohga) )

AA, A5 Aeleed g5 BE S840 49
L85 AR FFPsAk

A, &7 XFE F71EEY F& 78 ARA
L 0.38mg/l, A4 0.28mg/l, 22T 7HASE olB}

ot 045mg/lelch 11¥ A 8N E 944 0.34mg/),
gl 0.24mg/l, 18] 3L 794 0.22me/l 2 4] 7} 4=l A
F1EAY Fo] FVEA FUh FU1ERY A4,
7148, T4EYT $HEY E£3E {71829 gl
7} wsioh

AR, 78 AMENA tALEA el #Agle] 6719 713
4% 5709 7P gel M Edolfd vivt 20130 Tk
EF Tolds, BFUse] g YA Y7} 20)40]
AT

YA, 119 Al8dA 6719 713eF 3709 7Hg4et
T-ABFZANA S| vz} 20) ek

OAA, YT FrY £39 Edde] &
oM FHEHL AR LE Fot FFEEY
Hol w7l & AR FAE e EdWel &
FA] ERTh

A, 79 A FAA AHE4rt AR Edde] &
A=V} ot At} 7HRFAA A ForAy 9A
77 | 248 7SR o B4tk

e
59

’S‘E

S _—"

HO
ok

A4E, 38, 284, 4% trihalomethanes Ao T3k
A, £ 19843311118

AAE, v, A9, BEN. Salmonella typhimurium sy-
stem$ o83 7 FaxHe o9 2AL &
ARAYINA 19825 3(12) 1 1-13

Alm AL. Introductory remarks of the health risk assessment
symposium. Toxicology and Industrial Health 1985 51 . 1
-5

Ames BN, McCann J. Validation of the Salmonella test * A
reply to Rinkus and Legator. Cancer Res 1981 ; 41 : 4192
~4196

Anderson EL. The use of risk assessment to evaluate health
risk from exposure to toxic substances. US Environmental
Protection Agency, 1984

Burnham AK. Identification and estimation of neutral organic
contaminants in portable water. Anal Chem 1972 ; 43 .
139

Bull R}, Robinson M, Meier JR, Stober J. The use of biologi-
cal assay systems to assess the relative carcinogenic haza-
rds of disinfection byproducts. Environ Health Prospect
1982 : 46 . 215—227

Doulgas GR, Nestmann ER, Lebel G. Contribution of chiori-
nation to the mutagenic activity of drinking water extracts

— 293 —



in salmonella chinese hamster ovary cells. Environ Health
Perspect 1986 ; 69 . 81—87

Glatz BA, Chriswell CD, Arguello MD, Svee H], Fritz JS,
Grimm SM, Thompson MA. Examination of drinking
water for mutagenic activity. ] Am Wat Wks Ass 1978 5 70

1 465468

Grabow WOK, Van Rossum PG, Grabow NA. Denkhaus
R. Relationship of the raw water quality to mutagens dete-
ctable by the Ames salmonella/microsome assay in a drin-
king water supply. Water Res 1981 ; 15 : 1037 — 1043

Loper JC, Lang DR, Schoeny RS, Richmond BB, Galhagher
PM, Smith CC. Residual organic mixtures from drinking
water shown in vitro mutagenic and transfroming activity.
J Toxicol Environ Health 1978 ; 4 : 919—938

Maron DM, Ames BN. Revised methods for the Salmonella
mutagenicity lest. Mutation Res 1983 ; 113 . 173—215

Mckinney JD, Mauer RR, Hass JR, Thomas RO. Identifica-
tion and analysis of organic pollutants in waler. Ann

Arbor Science, 1976, pp 417—432

Meier JR, Ligg RD, Bull R]. Formation of mutagens following
chlorination of humic acid. A model for mutagen forma-
tion during drinking water treatment. Mutation Res
1983 5 118 : 25—41

Nestmann ER, LeBel GL, Williams DT, Kowbel D). Mutage-
nicity -of organic extract from Canadian drinking water
in the Salmonella/mammalian microsome assay. Environ
Mutagen 1979 3 1 337—345

Schwartz DJ, Saxena J, Kopfler FC. Water distribution sys-
tem, a new source of mutagens in drinking water. ] Envi-
ron Sci Technol 1979 5 13 © 11381141 .

Vartiainen T, Liimatainen A. High Levels of mutagenic acti-
vity in chlorinated drinking water in Finland. Mutation
Res 1986 5 169 © 29—34

WHO. Guidelines for drinking water quality, Vol. 1. Recom-
mendations. World Health Organization, 1984, pp. 58—
60, 2—16



