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Abstract: This study aimed to investigate the concentration distributions and formation characteristics of
trihalomethanes (THMSs) in drinking water supplies to rural communities. Water samples were collected twice from
40 rural households located on the outskirts of Chuncheon city of Gangwon Province in the summers of 2010 and
2011, and urban drinking water samples were collected from 20 faucets during the same period in 2011 for comparison
purpose. Water temperature, pH, and residual chlorine (total and free) concentrations were measured in the field, and
samples were analyzed for dissolved organic carbon (DOC) and THM concentrations in the laboratory. The average
DOC concentrations in rural water samples were not greatly different between groundwater (n=20) and surface water
(n=20) which were used as sources for drinking water (1.81 vs. 1.91 mg/L). However, the average concentrations
of total THMs (TTHMs) in groundwater (9.77 ug/L) were much higher than those in surface water (2.85 pg/L) and
similar to those in urban drinking water samples (10.8 pg/L). Unlike urban water supply, rural water (particularly
groundwater) contained more brominated THM species such as dibromochloromethane (DBCM), suggesting its
relatively high content of bromide ion (Br). This study showed that rural water supplies have different THM formation
characteristics from urban water supplies, probably due to their differences in source water quality properties.
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USA), TBM-2 Fluka*k(Seelze, Germany)2| #|&2 A&
3+ th. 28] 3 sodium thiosulfate(Na,S,0;)2F methanol
& 77} Flukadt B&IAHPA, USA)Q] A1¥-S AHE-3I9
t}. A %52 2 (surrogate standard, SS)¢! 1-bromo-
3-chloropropane(BCP)2 Aldrich*H MO, USA)2] A2
ARE-3FAA T

7z} B 53 BCPY EFYU W2 methanololl 1,000
mg/Le] TEZ AFSAT Az A -20°C

oAl Byste] HQ Al ARE-ERTh A &3¢ BCPY i
TEdL 100mg/LE 34 &, g4 23
ANE B Al ZF AlEC 10 ul H 7k

) I:L:

22, 8% E™ ¥ A= MH

A= FHAY W ao] 24T 135719 vhE
BArE W AFEFFAAL FAA 19 HE I &
I AT F7F B2 4028 AR AH AR HA s
Atk A5 7+ THMs 552 v w3l7] §ske] 203
2 AFFE, 2082 AAFE AFE AMSse 71
< AA 3, 2010082 20113 8L HF-E 109 Aol
R A 134 HEST e o] AREE EA
o] Ao vl Et] flste] A /X% 20
o] FFUAE Y dAREZA 2011 8EHE 10
4 Atoldl] EAYFE A F ST

AZo A Eo] pHO FFHAL(FE R F) TEF
=4 &, 1LY FA ddl &71o & AEE AF
stRoH, RHFALE AAS st 72+ AR
0.2 g2] sodium thiosulfateE 78It A& &7]9
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NEE 7H5 AT
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© 2 HA(purge)st ATt oW FFAS FIARE
70 mg2] Tenax TA(20/35 mesh, Alltech)2} 130 mg<]
Carboxen 569(20/45 mesh, Supelco)ES A3t} 3
A o] vt WS 2 40 mL/min 49 He 7125

B EE TS AANAHY. $& R AlEe €Y
+7 %] (thermal desorber, KNR)E A}-&3}o3 220 °Coll
A 4% 9k He 7220 mLminE &8 23-s9th
g2 A 5E AL EF(-30°C, Tenax TA 60/80 mesh,
20 mg)oll A T3] 300 °CollA 8 ¥ &< AE2st

b r-p:

Table 1. GC/MS operating conditions for the quantitative
determination of THMs in drinking water

Parameter Condition

Carrier gas (flow rate)He (1 mL/min)

Injector temperature 220 °C

Split ratio 20:1

DB-5

(30m x 0.25 mm x 0.5 um)
40 °C (2 min) to 200 °C at a rate
of 8 °C/min, then hold at

GC Column

Oven temperature

programming 200 °C for 2 min
Temperature 230°C
Mode EI (70 eV)

MS 83 and 85 for TCM and

BDCM; 127 and 129 for
DBCM; 173 and 254 for TBM

Selected ions (m/z)

™ BDCM DBCM BCP (58)

10000
. J\
e bo bo

3 4 5 5 200 8 3

Fig. 1. A total ion chromatogram of trihalomethanes obtained
for a rural water sample.

T 150°C9] transfer lineg 53 GC/MS(7890A GC/
5975C MS, Agilent Technologies)oll =) 3t} GC/
MS®| &4 27 Table 16 YR L™, A el & A
o g GC A=PFET S Fg 19 YeRdth DOC
9] FX%& TOC Analyzer (Sievers M5310 C Laboratory,
GE Company)Z #2431t}
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2 A tigh FHEZHAHRSD, %)= e o H,
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Table 2. Recovery percent of THMs obtained by purge and

Table 4. Detection rate (%) of trihalomethanes in rural and

trap municipal water samples
Concentration TCM BDCM  DBCM TBM Type of water TCM BDCM DBCM TBM
5.0 ug/L 93.2 87.3 86.0 84.7 Rur_al - gromdwater 90.0 100 35.0 0
10.0 pg/L 922 88.5 83.7 77.1 (n = 40)
Mean+SD  92.740.52 87.9+0.59 84.8+1.15 80.9+3.78 Rur_al - aS)urface water a0 600 600 0
(n = 40)
Table 3. Accuracy of the purge and trap method in two Urban —surface water 100 g5 0
concentration levels (n = 20)

Prepared Measured (pg/L)

(ng/L) TCM BDCM  DBCM TBM
5.0 (n1=3) 5.00+0.08 5.06+0.07 4.79+0.13 4.92+0.17
15.0 (n=3) 15.2+0.19 15.0+0.12 14.9+0.08 14.9+0.23
Percent

difference
(%, n=06)

1.50£0.83 1.19+0.89 2.38+2.85 2.58+1.47

0.07 2 0.1 pg/Lol ATt 2+
3 F& (%) TAF] 25
tl(Table 2), & S5(5.034 10.0 ug/L)°l sl 80-93%
2 ol B3 F v 59 507 15.0 pg/l
of tiall HEds Hrisk A, HAFE(percentage
difference) 3% M-]i ¢~ S5 A TH(Table 3).
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2 A% & g3 AEN S HAAEA T A5 e
2 274 A g olE MS Excel @ IBM SPSS Statistics
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9The number of samples was counted for both the years of 2010
and 2011.
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Table 5. Descriptive statistics of the THMs concentrations and the water quality values measured for rural water samples

collected in 2010 and 2011%

Water source  Statistic Concentration (ug/L) DOC Water Total-Cl  Free-Cl
TCM® BDCM DBCM? TTHMs? (mgL) temp. (°C) (mg/L) (mg/L)°

Mean 2.81 238 457 9.77 1.81 17.6 6.20 0.21 0.13

Groundwater SD 3.79 2.65 5.52 9.44 0.77 1.6 0.46 0.12 0.07

(n =20) Median  0.727 1.54 1.45 5.47 1.72 17.2 6.22 0.15 0.12
Range 0.02-12.0 0.141-10.2 0.04-18.3 0.201-30.3 0.434-3.79 15.2-21.0 5.57-7.32 0.09-0.53 0.05-0.27

Mean  0.387 1.57 0.891 2.85 1.91 17.1 6.25 0.19 0.094

Surface water ~ SD 0.946 3.09 2.01 436 0.90 1.04 0.31 0.09 0.042

(n =20) Median  0.02 0.164 0.274 0.565 1.91 16.8 6.27 0.17 0.088

Range 0.02-3.92 0.02-10.5 0.04-9.11 0.08-13.6 0.457-3.59 15.8-19.3 5.42-6.72 0.09-0.47 0.045-0.20

YThese data were obtained from the averages of the values measured in 2010 and 2011.
Their concentrations were statistically different between groundwater and surface water at the significance level of 1%.
9Their concentrations were statistically different between groundwater and surface water at the significance level of 5%.
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Fig. 2. Average TCM, BDCM, DBCM, TTHMs, and DOC
concentrations in rural groundwater, rural surface
water, and urban surface water. Error bars indicate
standard deviations.
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Fig. 3. Average TCM, BDCM, DBCM, TTHMs, and DOC
concentrations in rural water and urban water. Error
bars indicate standard deviations. Asterisks (¥*) show
that average concentrations are significantly different
between the two groups at o = 0.01.
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