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Abstract introduced from pulp manufacture industries. Otherwise,
formaldehyde, aniline and nonylphenol were mainly

BACKGROUND: Water quality is of concern to water contaminated from the industrial waste water and domestic

utility operators, public health officials, and populations sewage.

using the water. If any contaminant is released from a point

of entry, it could be spread rapidly throughout the water Key words: Aniline, Formaldehyde, Geum River,

stream. So the identification of the location of the points of Nonylphenol, Pentachlorophenol

entry and its release history are critical informations to

establish the management strategy. M E

METHODS AND RESULTS: Aniline, nonylphenol,

pentachlorophenol and formaldehyde in 39 surface water XLZH Ao 2w 9F= & 7 Ut 2d=d=s
samples were analysed using Gas chromatography-mass = WBow HES] wiEEHIL StHAbdel Salam ef al,

TE 23219 9

spectrometry (GC-MS) methods. Formaldehyde, aniline 2009) 53] sl A g BE BEE dush AlASHA &
and nonylphenol were mainly detected in the near sites stRE, i oR sekdshl Held o] FAR el
T2 9 €ol & + UKFeng er al, 2009). -7t

EAsHIo] AR 450w AL A e,

where industrial waste water and domestic sewage were

rir F\F

discharged into stream. But pentachlorophenol was

detected in the downstream samples where pulp 3 z‘s}%jlf.——i-]ﬂ 4t Tee] geow gEH
manufacturing plants were operated. B, ydhle] sl el e s XL%EL
CONCLUSION: Results indicate that pentachlorophenol 7Fs7de] o it sobxitt. ofell wet ejuehe

found in main stream of Guem river was mainly % AEA Ho s 98 %]'737 I& 283 Haof Xq
gl a e sddel digt A deE dstketa o=,

201394E= 4 ?*ﬁEHﬁ] A7)0l AFe] AR 5
= 37H(formaldehyde, 1,4-dioxane, hexachlorobenzene)

o)
_llm DR l"_\ll_, ?19, ig
o ol pfo o | fo
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E AR SolHor AFHAY, AEEE U WSt ¥
& FESO| gajr SPEd WY 998 FHsia 04 4
Qg TP A%le] Fesih

ol& flaliM & Aol w7 v skl 4320

A v zHA9A) AN FefsteEde Bads 5
3L L A9IQlE rdstalal shgltk el 53 thid=
& Zehl7] slsted ol FEE =7 Ak 2
e BAeiglon, oAy A Ao @ 2d=
formaldehyde, aniline, nonylphenol, pentachlorophenol
wHE AT FAEES aniline?t =Rl
nonylphenol, pentachlorophenol:>- LLE-GC-MS(liquid-liquid
extraction gas chromatography mass spectrometry) 121

= ARgelom, UHs| /el formaldehyde™ HS-GC-
MS(headspace gas chromatography mass spectrometry)
3% AHgSeIT

w1

v

A(internal standard, 1S)S X3st 7215 %
T=4d<  Sigma-Aldrich(Merck, St. Louis, Missouri,
USA)] 5% EFEAE 3JAsto] ARSIt #4&
methanol®} dichloromethane> Burdick & Jackson
(Honeywell, Morris, New Jersey, USA)®] AlokS AHE-3}
R, AATE 25 milli-Q(millipore corp., milford,
MA, USA)E AHEsoith BE 24 7198 AA, S5,
obHlE, HIEhEE A&sto] AlFg 3 350 C oA 4A1%F o)
7kast & 29o] e telx] WE 2E ARGt

Table 1. Sampling points on the monitoring of potential hazardous compounds contamination routes in Gapcheon

No. Location Sampling point
1  Gap stream 1 Outlet of D industrial complex, Daeduk-gu, Daejeon
2 Gap stream 2-1 Treatment plant outlet (1), Yuseong-gu, Daejeon
3  Gap stream 2-2 Treatment plant outlet (2), Yuseong-gu, Daejeon
4 Gap stream 3 The end part of Daejeoncheon, Daeduk-gu, Daejeon
5 Gap stream 4 The end part of Daedongcheon, Dong-gu, Daejeon
6 Gap stream 5 The upstream part of Yudeungcheon, Seo-gu, Daejeon
7 Gap stream 6 The end part of Jinjamcheon, Yuseong-gu, Daejeon
8 Gap stream 7 The end part of Yuseongcheon, Yuseong-gu, Daejeon
9 Gap stream 7-1 The end part of Banseokcheon, Yuseong-gu, Daejeon
10 Gap stream 7-1-1 The upstream part of Banseokcheon, Yuseong-gu, Daejeon
11 Gap stream 7-2 The midstream part of Yuseongcheon, Yuseong-gu, Daejeon
12 Gap stream 7-2-1 The inflow stream of Yuseongcheon, Yuseong-gu, Daejeon
13 Gap stream 8 The end part of Tandongcheon, Yuseong-gu, Daejeon
14 Gap stream 9 The upstream part of Daejeoncheon, Dong-gu, Daejeon
15 Gap stream 10 The upstream part of Daedongcheon, Dong-gu, Daejeon
16 Gap stream 11 The covered urban stream (1) of upstream part in Daedongcheon, Dong-gu, Daejeon
17 Gap stream 12 The covered urban stream (2) of upstream part in Daedongcheon, Dong-gu, Daejeon
18 Gap stream 13 The upmost stream part in Daedongcheon, Dong-gu, Daejeon
19 Gap stream 14 The covered urban stream of upstream part in Daejeoncheon, Dong-gu, Daejeon
20 Gap stream 15 The upmost stream part in Daejeoncheon, Dong-gu, Daejeon
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Table 2. Sampling points on the monitoring of potential hazardous compounds contamination routes in Mihocheon

No. Location

Sampling point

1 Miho stream 1 Jincheon Nong-bridge, Jincheon-gun, Chungcheongbuk-do

2 Miho stream 2 The end part of Musimcheon, Heungdeok-gu, Cheongju-si, Chungcheongbuk-do

3 Miho stream 3 O industrial Complex outlet, Cheongwon-gu, Cheongju-si, Chungcheongbuk-do

4 Miho stream 4 The end part of Seoknamcheon, Cheongwon-gu, Cheongju-si, Chungcheongbuk-do

5 Miho stream 5 The end part of Byeongcheoncheon, Cheongwon-gu, Cheongju-si, Chungcheongbuk-do

6 Miho stream 5-1 A pulp manufacturing plant outlet, Cheongwon-gu, Cheongju-si, Chungcheongbuk-do

7 Miho stream 5-2 B pulp manufacturing plant outlet, Cheongwon-gu, Cheongju-si, Chungcheongbuk-do

8 Miho stream 5-3 C pulp manufacturing plant outlet, Cheongwon-gu, Cheongju-si, Chungcheongbuk-do

9 Miho stream 6 D pulp manufacturing plant outlet, Cheongwon-gu, Cheongju-si, Chungcheongbuk-do
10 Miho stream 7 End part of Jocheon, Jochiwon-eup, Sejong
11 Miho stream 8 E pulp manufacturing plant outlet, Jochiwon-eup, Sejong
12 Miho stream 9  The upstream part of Musimcheon, Sangdang-gu, Cheongju-si, Chungcheongbuk-do
13 Miho stream 10 The end part of Mipyeongcheon, Sangdang-gu, Cheongju-si, Chungcheongbuk-do
14 Miho stream 11  The part near ‘Miho stream 10" in Mipyeongcheon, Sangdang-gu, Cheongju-si, Chungcheongbuk-do
15 Miho stream 12  The inflow stream (1) of Mipyeongcheon, Sangdang-gu, Cheongju-si, Chungcheongbuk-do
16 Miho stream 13  The inflow stream (2) of Mipyeongcheon, Sangdang-gu, Cheongju-si, Chungcheongbuk-do
17 Miho stream 14  The inflow stream (3) of Mipyeongcheon, Sangdang-gu, Cheongju-si, Chungcheongbuk-do
18 Miho stream 14-1 The upstream inflow-stream (3) of Mipyeongcheon, Sangdang-gu, Cheongju-si, Chungcheongbuk-do
19 Miho stream 15 The upmost stream part of Mipyeongcheon, Sangdang-gu, Cheongju-si, Chungcheongbuk-do
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Fig. 1. Sampling points on the monitoring of potential hazardous compounds contamination routes in Gapcheon and

Mihocheon.

*A, B, C, D, E : specific names are not provided for each right of privacy.
*1~15 (number) : sampling location, mentioned by table 1, 2.
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Table 3. Analytical results of formaldehyde in Gapcheon
® Unit : #g/L
Sites 1st (May) 2nd (July) 3rd (September) 4th (November)
Gap stream 1 86.6 54.7 115.6 51.6
Gap stream 2-1 28.0 7.8 6.4 10.8
Gap stream 2-2 30.4 7.1 19.4 6.8
Gap stream 3 109 ND - -
Gap stream 4 13.7 3.5 4.5 2.7
Gap stream 5 11.2 - - -
Gap stream 6 11.3 - - -
Gap stream 7 23.6 ND - -
Gap stream 7-1 - - 42 42
Gap stream 7-1-1 - - - 54
Gap stream 7-2 - - 6.0 ND
Gap stream 7-2-1 - - - ND
Gap stream 8 20.7 - - -
Gap stream 9 - ND 12.0 ND
Gap stream 10 - ND ND ND
Gap stream 11 - - ND ND
Gap stream 12 - - ND ND
Gap stream 13 - - ND -
Gap stream 14 - - 44 ND
Gap stream 15 - - ND -
Concentration range 10.9-86.6 3.5-54.7 42-115.6 2.7-51.6
Mean 26.3 9.8 13.8 7.0
Detection frequency (%) 100 50 62 46

*-': non-sampling point

*ND’ : not detected or <LOQ (limit of quantitation)
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Table 4. Analytical results of formaldehyde in Mihocheon

® Unit : #g/L
Sites 1st (May) 2nd (July) 3rd (September) 4th (November)
Miho stream 1 15.7 - - -
Miho stream 2 8.7 ND - -
Miho stream 3 243 - - -
Miho stream 4 3.3 - - -
Miho stream 5 7.9 19.3 19.2 ND
Miho stream 5-1 - - ND 4.2
Miho stream 5-2 - - 7.3 6.6
Miho stream 5-3 - - - 5.3
Miho stream 6 178.6 61.6 7.5 93.2
Miho stream 7 ND ND - -
Miho stream 8 11.5 ND 5.1 45
Miho stream 9 - ND - -
Miho stream 10 - ND 3.6 ND
Miho stream 11 - - 3.6 ND
Miho stream 12 - - ND ND
Miho stream 13 - - ND ND
Miho stream 14 - - ND ND
Miho stream 14-1 - - - ND
Miho stream 15 - - - ND
Concentration range 3.3-178.6 19.3-61.6 3.6-19.2 4.2-93.2
Mean 314 12.5 5.2 9.6
Detection frequency (%) 88 29 60 39
*’: non-sampling point
*ND’ : not detected or <LOQ(limit of quantitation)
" Formaldehyde Formaldehyde
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100 160
3w B
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2 40
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Fig. 2. Analytical results of formaldehyde in Gapcheon.
*1~15 (number) : sampling location, mentioned by table 1

and figure 1.
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Fig. 3. Analytical results of formaldehyde in Mihocheon.
*1~15 (number) : sampling location, mentioned by table 2
and figure 1.
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Table 5. Analytical results of semi-volatile organic compounds in Gapcheon

® Unit : #£g/L
Compounds Aniline Nonylphenol Pentachlorophenol
Sites 1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th
(May) (July) (September)(November) (May)  (July) (September) (November) (May) (July) (September) (November)
Gap stream1 0.065 0.120  0.069 0.060 0.610 ND 0.920 0.340 0.061  0.080 0.044 0.073
Gap stream2-1  0.133 0.007  0.030 0.023 ND ND ND ND ND ND ND ND
Gap stream2-2  0.049 0.026  0.029 0.043 ND ND ND ND ND ND ND ND
Gap stream3 0164 ND - - 0.111 ND - - ND ND - -
Gap stream4 0.092  0.005 0.007 0.010 ND ND ND ND ND ND ND ND
Gap streamb 0.052 - - - ND - - - ND - - -
Gap stream6 0.035 - - - ND - - - ND - - -
Gap stream?7 0.061 0.011 - - 0.056 ND - - ND ND - -
Gap stream?7-1 - - 0.010 0.015 - - ND ND - - ND ND
Gap stream7-1-1 - - - 0.022 - - - ND - - - ND
Gap stream7-2 - - 0.008 ND - - ND ND - - ND ND
Gap stream7-2-1 - - - ND - - - ND - - - ND
Gap stream8 0.021 - - - ND - - - ND - - -
Gap stream9 - 0.046 0.008 ND - ND ND ND - ND ND ND
Gap stream10 - 0.153 0.017 0.068 - 0.079 ND ND - ND ND ND
Gap stream11 - - 0.195 0.051 - - ND ND - - ND ND
Gap stream12 - - 0.028 0.062 - - ND ND - - ND ND
Gap stream13 - - ND - - - ND - - - ND -
Gap stream14 - - 0.033 0.038 - - ND ND - - ND ND
Gap stream15 - - ND - - - ND - - - ND -
C"nigﬂggtl"“ o2 oon o0 000 00 0079 0920 0340 0061 0080 004 0073
Mean 0.075 0.046 0.034 0.031 0.101  0.029 0.091 0.046 0.009  0.012 0.006 0.008
frelgﬁfrfct;"?%) 100 88 85 77 33 13 8 8 11 13 8 8
*-: non-sampling point, ‘ND’ : not detected or <LOQ(limit of quantitation)
Table 6. Analytical results of semi-volatile organic compounds in Mihocheon
® Unit : £g/L
Compounds Aniline Nonylphenol Pentachlorophenol
Sites 1st 2nd 3rd 4th 1st 2nd 3rd 4th st 2nd 3rd 4th
(May) (uly) (Septermber) November) (May) (July) (September) (November) (May) (July) (September) (November)
Miho streaml  0.024 - - - ND - - - ND - - -
Miho stream2  0.027 0.009 - - 0169 ND - - ND ND - -
Miho stream3 ND - - - ND - - - ND - - -
Miho stream4  0.040 - - - ND - - - ND - - -
Miho stream5  0.033 0.144 0.038 0.029 ND ND ND ND 0.026 0.133 0.030 0.027
Miho stream5-1 - - 0.163 0.031 - - ND ND - - 0.686 ND
Miho stream5-2 - - 0.192 0.031 - - ND ND - - 0.180 0.181
Miho stream5-3 - - - 0.048 - - - ND - - - 0.153
Miho stream6  0.311 0375  0.025 0.102 ND ND ND ND 0.622  0.204 0.092 0.402
Miho stream7  0.060 ND - - ND ND - - ND ND - -
Miho stream8  0.061 0.187  0.190 0.024 ND ND 0.540 0.519 ND 0.083 0.040 0.016
Miho stream9 - ND - - - ND - - - ND - -
Miho stream10 - 0.148 0.068 0.016 - 0.151 ND ND - ND ND ND
Miho stream11 - - 0.034 0.013 - - ND ND - - ND ND
Miho stream12 - - 0.033 0.013 - - ND ND - - ND ND
Miho stream13 - - 0.016 0.006 - - ND ND - - ND ND
Miho stream14 - - 0.011 0.006 - - ND ND - - ND ND
Miho streaml4-1 - - - 0.006 - - - ND - - - ND
Miho stream15 - - - 0.005 - - - ND - - - ND
Concmrsion 04 G0 OO 00 010 om om0 ome Q%5 0% 0%  ome
Mean 0.070 0.124 0.077 0.026 0.040  0.040 0.074 0.060 0.083 0.061 0.104 0.062
Detection 88 71 100 100 13 14 10 8 5 43 50 39

frequency (%)

*-: non-sampling point, ‘ND’ : not detected or <LOQ(limit of quantitation)
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Fig. 4. Analytical results of semi-volatile organic compounds
in Gapcheon.
*1~15 (number) : sampling location, mentioned by table 1
and figure 1.
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Fig. 5. Analytical results of semi-volatile organic compounds
in Mihocheon.

*1~15 (number) : sampling location, mentioned by table 2
and figure 1.
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Fig. 6. GC-MS chromatograms of Miho stream 5-1 sample (3th, september) quantified in concentration of 0.163 yg/L

(aniline) and 0.686 u«g/L (pentachlorophenol).

*Miho stream 5-1 : A pulp manufacturing plant outlet, Cheongwon-gu, Cheongju-si, Chungcheongbuk-do
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HEE o Q7] miel e SR CR A=
- oLk AR A} 53] 53] 11, 3H2-1, 733,
w10, 11 AFelM A HEHSEE, oA %ol A4
e e T FAM Yo Heeh ddekr
7h BRH o Agshs Ao At

Nonylphenol: sFolu 7oA A HEHE &40l
o 543 =E A8 54 bl nsddEe
(United States Environmental Protection Agency,
EPA)oAE e 9=49] 550l 237 2 H(Han
et al, 2005), AN~EZ Al 2H8-& sk UlinlA] dellE
Ao) itz g4 AtkLuo et al, 2010). - uietlA=
2006 E3olA 0.1% ol e EFEAE FAFAS
=2 Ao, 7S ARA, 94, EJ frEs
Az, e, drl, B3k AR, 2 AR A8kl ik &
ot HAEAR] ‘gAY M= AHAR AR 7hs
g AEE S8R A W Vel sk gl

nonylphenol®| AAAZ ARG7Fsgt AJtel| 4] 20021 AHA]
o B o AlHANY Aromes AR (U H3H:
Ty ARE BAE A D AR 3RS fYshke
HA 19 EAPL 9IA8E m|sd8 A FelA A AEEHSNS
™, 33, 137, #4310, vlEd2, w510 A= A
ZHH o] 4o HEE A 53] A, deE
gl shetAlE AxY S A7t —rtﬂoﬂ = HOEA
99 7ol v, 1Eu wiEet AEA 9] e
taliMe ol ZAPEIRto 2= ”3%]’ A B Al= gdot
WAl delids & o 2APF st
Pentachlorophenol GA] AN Al &S & F Q=
WA =d2 279 thKawaguchi et al,
2004). ©] =4 o]l wAo] A% F SR g7
aztel fJFME AFE F dom(Kawaguchi ef al,
2005), FAl= HAYRA S ARG detadze Ay
Al AHEE 9tk (Kawaguchi et al, 2004). $-2luztelA=
pentachlorophenol #} ¢ 4 71 &£3ao] S5 114
1999-141% (1999.9.8)°ll weh A1z, 429, AREo] FA|=
At web fEuetelr sS4 0% Aitolut ARGl ut
T HEde A deth ey Als BAEd
Pentachlorophenol %A] DAFIEAI7F 91A18 74311 A4
oF HEol Hglom, £ vFA5, 1551, V5352,
" 335-3, m|536, VIS8 A M E AEH L 53] ]S
#5-1 A3 vz e X]"qoﬂ*i =7 AEH0IT vIEA 5,
6, 8 A2 F= AARE 3AHE0] Sl otk wEhA o
AEEl F 29 9E2 st T 5 vk ey
Sl dFgh npel o] SejuEhs ofn] 200 AF-E
pentachlorophenol ] #|Z=9} ARg-o] A= Q7] wlio
' Ardgelr A ARt & = glod, vtk Al %3t
golut #71g el FAake R e Bdo] WEHe AoR
FEh 20130l SR 403, =7, G, ‘%%
73 A& A% pentachlorphenol =757
o] 2Rt HEE I A o Oq?“ﬂ A zA
A3 22 AFdolqlnt webd msiel= o] B4 ]é?
Ao wjEehs 2ol Sl Zlow ddkd.

2 E

T =l GEFS A vAE 2 skl I e
ZefA] formaldehyde, aniline, nonylphenol, pentachlrophenol
o 299 FAATE sl s 397 A9 A
73, nonylphenol, aniline, formaldehyde+ 37d%5 4
Agslreld ve= 2o ERIFIth A= 274
gHrel7] vk ZdolwiA DAeA W7t frdEle A
1#4]90] & AErt 84 52 FEE 474 Edo] T
HzEEo] e 7HE o= MEdS I 1A% o=
ke Qlet v 53] 7% 53] pentachlorophenol©] 4]
A AL ol vIsAs, 6, 8 ARleA s AEEHAL
A2 FRIEH3IT Pentachlorphenol:> -guetol| A= o]
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u] Az} Aol S| Eo|BE, o] A AFGAE] Az
ol HA7l= AY 59 HAHeA FaER sk
pentachlorophenol©] %11 Q= 2 o® FAHrh 7
W s B ARKIEA O] 3RS ol 8] e 9E
e AR Hlu 9les FRlsgleon shoRk It
A7 ofet FAEIAl RS E fl8] ASHQl dses 5
227} o] FojAof & Flojth
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