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A study on the concentration and health risk of trihalomethanes in drinking water
Yong Chung, Dong Chun Shin, Bo Young Lee,* Sung Han Yu,* Sang Hyuk Chung‘

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

Institute for Environmental Research, Yonsei Uniuersity*

This study was conducted as a nationwide survey in Korea to determine the' THM (trihalomethane)
concentration levels in the drinking water of 14 selected cities,
The survey was underdtaken in one city (Kwangju) during September and October of 1988 and

14 cities in January through February of 1989.
The results were as follows :

—

. The KMnO, consumption was 10.6 mg /1-11.6mg /1 in Pusan and Ulsan, exceeding the drinking
water standard of 10 mg /1. Pusan, Inchon, Kwangju, Ulsan, Mokpo and Junju areas also exceeded
the ammonia nitrate standard of 0.5 mg /1. Other tap waters surveyed were detected below the
drinking water standards.

2. The THM concentrations of tap water measured in January and February of 1989 were detected
in the range 1.20 #g/1-150.8 #g /1

3. In the comparative study of the THM concentration of tap water measured in the Kwangju area
during September and October of 1988, the average THM concentation of 1456347072 ug/1
showed a sixfold increase compared to that of 23.848.31 g /1 surveyed in January and February
1989.

4. The proportion of the four THM compounds found in tap water was bromoform, 47 % : chloroform,
30 % : chlorodibromomethane, 13% : and dichlorobromomethane, 10 %.

5. Since the results indicate that the concentration of bromoform was 2—10 times higher than that
of chloroform measured in the seaside district of Pusan, Ulsan and Cheju Island, it is reasonable
to assume that the raw water was somehow influenced by seawater.

6. The average lifetime cancer rate of the population exposed to chloroform measured in the surveyed
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areas was 17 cancer incidences per 1 million population.

From the above results, the existence of THM in the distribution systems seems to be inevitable,

since chlorine disinfection is performed in water treatment plants in our country. There seems to

be a trend of increasing. THM cncentrations due to the contamination of raw water. In order to

establish any form of regulations, health risk assessment is an imminent subject.
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for the examination of water and waster water (APHA -
AWWA-WPCF, 1985)0] A8t =Asgon =1
o Table 13} #c}

Table 1. Analytical methods of general water quality

items
Item Analytical method
Temp, Alcohol thermomenter
pH Electrode method (Orion SA720, USA)

KMnOQ, comsumption acid method

Residual chlorine Ortho-tolidine method
Hardness EDTA titration method
Cl- Argentometric method
NH;-N Indophenol method

NO,-N Evral Norris method

1. THMe] A by

THMS @ (1978), #eHEs} fmmE (1981)9)
9§t head spacey o2 ZAstgc). BAL stazmzn
E12 5 (gas chromatography : 0]3} GCg} %, Shmadzu
7AG, Japan)Z st olm} GCo zHe Table 29

#h

Table 2. Analytical conditions of gas chromatography
of THM determination

_ GC Conditions
Column Size 200 cm x 0.3 cm
Column packing Silicone DC 550 10 on
material Chromosorb W (AW -DMCS)

80-100 mesh

Injection Temp, 230C
Column Temp. 80C (isothermal)
Carrier Gas. N, 50 ml / min
Detector Temp. 230
Sample Injection 02 ml
Volume
Range 10
Detector current 1.0 mA

Detector

ECD (ECD-9 RI No. 703041)

— 497 —



Ay THM &3 Zxgd0=2 Ax4de 448 &
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80!
Concentration CHCl, : 30 pg/1

(ng /1)

CHCLBr : 15 g /1
of CHCIBr, : 60 sg /]
CHBr, :300 pg/1
60 CHCIB,
50F
CHCLBr
4or CHBr,
0r CHCl,
20+
chart speed : 5 mm / min———

Fig. 1. Chromatogram of THM Standards
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1.} X

ZAZIZ 14, 29 3 2AY A9 dwsd 24}
27 pHe 63-842 d 45 #271EY pH 58-8.
5 Welol Fgstsch

AEE 140-2011 mg/le] W2 WHalEe] ¢ A
oy &84 F£E7NFQ 300 mg/l olsUck Yol
T 34—1237 mg/12 $371% 150 mg/lo|3t go
KMnO, &vlZ 94 iy $£3A7%F old govt ¥4t

7 &3 A QoA 106 mg/l 11.6 mg/12 71FA 10
mg/lig £4 2&" A9 AUk dryold A4
9] 2 ANE BAb QA BF A BEX AFA A
*1 71Tzl°l 05 mg /15 Zusta AZHAom 4R
& 227 mg/leg 71FERo 458 =9tk olEMA
é*«l Z4$E 0.001-0.087 mg /19 MAt AHHEAL
£ 01-20 mg/le M2 HdAHo] H¢ 08 mg/]
o2 71 =%
ol 4o Az mol ZAMGAY FEFo UYwrsE
BEHoA g &85 £A7IE Aoy 2
o 5 428%7 grdold Hie o
AeS & AUAD (Table 3).
2. &5 2= THM =&

7h A3 1471 =48] THM 5%

AA 262 ANEZFTHM %% 21-40 pg/l19) A&7}
P82 %E V4 B BXE BAY Ul A s 0—60
rg /19 Hglel ANow ojwje FH o] 9237 %A1
oare] $45 FEVES 293 AlaFe AAd 2

0%2 % FEE Bol1 ULSE ¢ 4 AU} (Table

4, Fig 2)
ZAF7I7Eel 193 29 32 147 TA)S dld £rs
THM 5§ 2AH Aae 147 dx9de 97 THM

27t 344 pg/lo1T 1.2-1531 pg/19 HHYE B
ot HaEert A 24 AEE A9 AR o
Ron HEAAdM Hi 1531 g/l ZAMEE F
HuAE By

o] ZAke dutz Hol ¥ THM Fx7) v 8%
RoAFH g2 AL #Fsn s THMY &8
g F£AFEA 100 pg/1ntt A HAESHYAW A,
Az HAAAAM Hx THMEE 1369 /zg/l, 153.1
#g/1 1118 pg/12 Z#Ho AEHA} £ AR
A71oA FAST Je BRIZIEY &5 47
&30 pg/lo2ZH 1 7IEXNE 23le AES YF
Ago] HaF 391 pg/loEN HF Ekenw Mg i,
AF, #AAYNN #EH FE2EEY Hw FE7}
334 pg/l, 306 pg/l, 308 pg/l, 375 pg /12 AAR
A1 Tl A AA & 7lﬂ—7<15 Z¥stqinh, HEg Y29
FE7F AN A, &4, AFRD Sl WEX
Wt 24 2EE A (Table 5).
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Table 3. Water quality of tap water of 14 cities (Jan,, Feb,, 1989)

( ) :range

Item No. of Residual pH Hardness Cr KMnQ, NH,-N NO,-N
Sample Temp(t)  Chlorine (mg /1) (mg /1) consumption (mg/1) (mg /1)
Area (mg/1) (mg /1)
Seoul 20 82409 02101 7.3£03 784430 166+ 41 18404 0074001 0.00240.000
(30-200) (01-05) (7.0—84) (50.0—20L1) ( 83—839) (0.8—76) (0.03—0.30) (0.001—0.004)
Pusan 20 93£0.7 03+£01 72402 968+158 498100 65121  2274£170 0.017£0011
(60-140) (01-05) (7.0-76) (815—119.0) (38.3—582) (39-106) (0.26—10.60) (0.002—0.058)
Taegu 20 9.0£1.2 0.3£0.1 73101  828%14 14.0+00 22+16 0344003 0.008+0.001
(55-130) (0.1-05) (7.1-74) (639-96.0) (11.6—156) (06—79) (0.11-040) (0.001—0.043)
Inchon 20 82102 0401 73102 814%13 238437 38404  1.383+045 0.0131£0.000
(60—190) (02-20) (7.0-7.7) (395-1715) (108-372) (17-59) (0.03—2.83) (0.001—-0.043)
Kwangju 20 82+£31 01+£00 72401 421442 101+ 20 14+04  017£010 0.00310.001
(40-150) (01-03) (69-76) (20.0—1450) ( 48—495) (03—19) (0.03—2.83) (0.001—0.047)
Taejon 20 74109 03+0.1 01401 458442 764 06 10407 0074002 0.001+0.000
(55— 90) (01-06) (69-7.1) (411-515) ( 60— 94) (03—-19) (0.04—0.15) (0.001—0.002)
Chungju 20 6.71£0.2 0.310.0 72100 547161 110+ 04 08103 0071001 0.00210.001
(40~-120) (01-07) (70-75) (424-688) ( 7.2-141) (03—-16) (0.03—0.12) (0.001—0.009)
Chunchon 20 64+06 08+0.2 73+01 462418 49+ 02 12407 0054000 0001£0.000
(10— 80) (02-L10) (68—74) (245-515) ( 34— 54) (05—-24) (0.03—0.11) (0.000—0.001)
Kangnung 20 84109 04400 72+00 439159 102+ 04 12410  0.05+£003 0.00140.000
(50-150) (00-06) (63~76) (140-912) (44-415) (02-30) (0.03—0.14) (0.000—0.002)
Ulsan 20 88104 0.2£00 75101 799432 292+32 64+09  0591+054 0.010£0.000
(15—-130) (00-03) (7.3-76) (624-965) (21.6—414) (1.8—116) (0.04—2.51) (0.001—-0.023)
Mokpo 20 99116 02100 71+00 756462 6211218 34409 1504074 0.026+0024
(9.0—-230) (00-05) (68-74) (266-110.7) (59-1237) (1L1—64) (0.04—4.99) (0.002—0.087)
Chunju 20 104£15 041£03 73401 721422 209108 25411 1494171 0.00640.001
(40—-220) (01-10) (69-76) (325-1780) ( 84—853) (03—7.0) (0.00—5.10) (0.001-0.022)
Cheju 16 139413 03102 74104 491407 4774149  08+05 0044001 0.001+0.000
(100-160) (01-12) (70—79) (255—685) (128—119.3) (0.3—2.8) (0.03—0.01) (0.001—0.003)
Sokwipo 6 142416 0.2+0.0 73402 250474 2141422 34440  0.04£0.00 0.001:£0.000
(130-130) (01-02) (7.0-02) (230-435) (55-57.3) (03—10) (0.03—0.05) (0.001—0.001)

s pAl7)e] o x4 F THM 5%
AFA 7l mE THM F2o zolg& By Yate A
19883 99, 10€3} 19893 19, 29d} JFFA £
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ol 6ul FA AE HYow vEd dee THM &

ofl
2,

r
po )

EolA T
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£ FAVIE 2o 1468 FX AARATFAA A

3 F22XE J|FRo 2414 =T

99 AR F£&o] =& W THM BT Eob
T & F Ao FedeH gl dsds

o] thE WA g uz}
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Table 4. Percentage distribution of THM concentration
of tap water in surveyed areas

Concentration sample cumulative
(rg /1)

0-20 81
21-40 86 32.82
41-60 75 28.63
61-80 9 344 95.81
81-100 5 1.90 97.71
)01 6 2.29 100

total 262 100

percentage

percentage
30.92
63.74
92.37

30.92

(%)
100
90..
80-

T

0 10 20 30 40

50 60 70 80 90 100
THMs : (pg /1)

Fig. 2. Cumulative percentage of THM of tap water (Jan,
Feb, 1989)

7} 197 299 =33 THM xR & AL ¢
Z At (Table 6).

th. THM A& e 74 &X

ZAT Bt A 14 EAS x5 F THM A
¥ EYXE 222X E(CHCL)o) 30%, HEgaBany
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13%, B2 2 X & (CHBr;)o] 47%= THMS 7Au|&2
Haw¥E E22FF FzadgHzeyg, g
Hauodg $oz B3 (Fig 3).

Fig. 4= 2} =AM THM A& W& s=8£XE &
Alg Zlojrt,
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Ig9 dWAdEE & 999¥% FAAE 1 ppb?
L7x107°9] 2¢t Hs=2H o A9 dr|= ofH A
ol 1 pg/lel F22X g0l FHE F448 &7 28
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risk) ZHEolu} (NAS, 1977). Ed o] =& A7
df Hgste AMT £ e, F 1 4g/19] 222
Ego] FiE S&FZ 1009go] wHg o by
A & (excess rate)o] 100993 17350 =8 o]HE A
TAYY Y= (population risk)2ti gk o] FAlo)
M1 AGY F223E FAFFEE 99 sg/ oINS
W oo SRR HAN AA G PP AMsAS 9
1009t 169499 =g A "Hoh AFA Y]
E22¥3 =7t ¥ 391 pg/12 7P B%ow 100
W 665 3oz MY g g Jea 3§
2} zjFEAHol 100 WY 54 How HF w2 S
g 2y

vz #
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A€t (Babeock, 1979 ; Schnoor, 1979).
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Zd] THMe] #A&Sol 222Xg9 ZA$e #Hy 21
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ggos A F22IXEY FrEY BE ARE
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7] WEQl Aoz AzEg, 12l MEgRde Aee
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Table 5. Concentrations of THM of tap water of 14 cities (Jan., Feb, 1989)

unit : #g /1, () :range

Item No, of
Area Sample | CHCl, CHCLBr CHCIBr, CHBr, TTHM
Seoul 20 113£15 411401 22423 101+37 276+28
(0.0—334) (04-10.7) (0.0—-8.0) (0.0—4L6) (7.5-57.3)
Pusan 20 40128 72114 55422 277100 4444204
(143—443) (08—2.7) (0.0—-14.1) (0.0—66.5) (5.6—84.4)
Taegu 20 89492 16403 33£05 148170 281+14
(05-27.7) (0.0-2.3) (0.0~106) (0.0—39.5) (4.3—505)
Inchon 20 77+£22 22406 18413 124114 24.0156
(22-16.7) (1.0—54) (0.0—5.6) (0.0-33.7) (7.3-51.2)
Kwangju 20 68147 1.5+01 19410 156+1.8 238483
(0.0—23.6) (0.0—4.6) (0.0—4.5) (00—34.1) (1.2-50.0)
Taejon 20 114476 41412 74451 3174321 5461305
(0.0 —30.6) _ (1.0—105) (0.0—225) (0.0—134.8) (21.3-1369)
Chungju 20 39.14+276 ' 46433 06104 N.D 4431313
(116-1508)  (0.0~7.9) (0.0-24) ( ND ) (17.5—153.1)
Chunchon 20 1724117 51423 92139 20.1+106 516494
(32—-375) (1.9-938) (49—66.7) (0.0—39.5) (109-111.3)
Kangnung 20 95+14 32401 38%16 2831146 49+146
(09-17.6) 05—78) (0.0—6.8) (0.0—71.1) (65—85.1)
Ulsan 20 32406 16102 394223 31.3%155 399+£17.35
(0.0—18.8) (1.4—20.6) (0.0—145) (0.0—67.1) (74—764)
Mokpo 20 6.7+3.6 23104 53+45 128+11.2 2694349
(0.5—19.6) (0.0—-8.7) . (0.0—14.3) (0.0—354) (6.8—524)
Chunju 20 61435 30402 74+76 114481 279140
(0.0-27.2) (0.1—-4.9) (0.0—144) (0.0—2856) (51—45.7)
Cheju 16 32414 23+21 58+15 149+£159 260£185
(04-71) (0.8—4.2) (0.0-10.3) (0.0—359) (5.1-515)
Sowkwipo 6 40125 26+£2.0 53125 78455 17.74£14.0
(0.0-7.1) (05—4.4) (0.8—89) (0.0—23.3) (1.3—394)
TTHM : Total trihalomethanes
Table 6. Average concentrations of THM of tap water of Kwangju by sampling period unit : pg /1
period No. of Sample CHCJ, CHCLBr CHCIBr, CHBr, TTHM
1988, Sept.- 42 72.32 3854 27.00 .77 145.63
Oct. +432 +227 +14.38 +243 +70.72
1989, Jan.- 20 6.80 1.50 1.90 15.60 23.80
Feb, +47 101 +10 +18 +83

TTHM : total trihalomethanes
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E== Chloroform
[IIIOID Dichlorobromo methane
Dibromochloro methane
[ Bromoform

Fig. 3. Constitutional percentage of THM of tap water
(Jan, Feb, 1989)
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A YAl 2 F2RE29 Yo HRrEo}

FAdE sl E9ld dste HEawn¥Eo]
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Dibromochloromethane
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Fig. 4. Distribution of concentration of each THM’s substance of tap water (Jan, Feb, 1989)

- 502 —



335 pg/17tA AAARQ WEE RYed, ol pH, &
= 59 #7429 vve 94% AFERDY g 7]
deta Atk ol FFAGA AT ZAEAE B
u 193 299 THM HadsEe 238 «g/1, 9939 10
€2 Wi 14563 pg/12 AL £33 THM F=7t
oF 6o WA & Hom Hol 9o AFAHY UA
2 e AE ¢ 5 U}k

uE FARTAHL 19799 AT SE4d s
THMS] HALHFZE 100 pg/12 FA3IFow o3
2 v AEtdradA AANG SEFFY BGED
of W&t FEAEAR FAerled HsA ¢ AN
T3] #¥& st ZAAsH o] RARET F
T g2 A9 THM FHoisxst V59 THM 3 §&7]
FAd 23 £& z2Fst3 YUk

MARAFAME A7 Y Apolo A8
d F3& Fo $85% WY frlegEdd ds
sz Hrks AAsta gloh
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£ 9 28164 7097 vlActn bR EE S W o Al
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