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Abstract

In this study, we investigated to measured concentration, seasonal characteristics and load
quantity of volatile organic compounds(VOCs) for 11 sites in the main stream and 8 sites in
the branch stream of Kumho river, during from October 1995 to April 1997.

As a results, the small amount of volatile organic compounds, such as dichloromethane,
chloroform, toluene, benzene, trichloroethene, tetrachloroethene, p-xylene and 1,3,5-trimethyl -
benzene were detected from the main stream of Kumho river.

Also detected to dichloromethane, chloroform, toluene, benzene, trichloroethene, tetra -
chloroethene, ethylbenzene, p-xylene, o-xylene, 1,35-trimethylbenzene and 1,2,4-trimethyl -
benzene in the branch stream, and dichloromethane, chloroform and toluene were detected to
all site of sampling.

And seasonal variation of volatile organic compounds showed higher concentration in the
July 1996 as a winter season than January 1997 as a summer season in most places.

Also the load quantity of volatile organic compound at Gangchang site in the last
downstream of Kumho river, was in order of chloroform > dichloromethane > toluene >
trichloroethene.
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Fig. 1. Location of the sampling sites in the

Kumbho river.

=24 EF% ARUMS SEiN RVBIEIEE 8 137

2. #499%y

7t Ed

BAYYEDRE Y ALY /1gEdS
VOCs9 84 98 A€ Library$d SupelcoAt
VOCs Mix EEES AHEste] A% 2 AAPEHY
o] 7be¥ 567tA LEEAEA, 1 Zhed A
ZAA AEHEG & 114 2483 E A
st} 3 BASPGEY,

FHEMT Heyd {7 EY 29 - 35
E4& Table 13} Zt}

. g9 AF

Age] AR vFEARY FA Aaye A
£&to], AR 2 AEYd T #9E& EA
71 A3t 2A2YA HHE ot A 7| ¥
2 AAT ¥, HEZES Y7 Ao i 23
#F vhlE 483l 482 AL ice jarol ol
Agdz gukste] FA) A3

k. 7171 2 )

2 A¥o) Al43F gas chromatography(°]3t
GC2t ) AAE Hewlett PackardAHUSA)2
Model 5890°1™, A& 7)2+& Hewlett PackardAt

Table 1. Physical and chemical properties of volatile organic compounds

Specific Melti - Solubility of

Compounds Abbreviation Mwogoé%ltar gg%cr(l:t;/ t(e_ggg Boﬂxr(x% )wmp. (\»éz/it%

Dichloromethane DCM 8494 1.30 -96.8 40.2 20.0
Chloroform Chl 119.39 1.48 -63.2 61.2 8.0
Benzene Ben 78.11 0.90 55 80.1 0.7
Toluene Tol 9213 0.87 -93.0 110.7 0.05
Trichloroethene TCE 131.38 1.46 -8438 87.0 04
Tetrachloroethene TeCe 165.85 162 -225 1214 0.15
Ethylbenzene EB 106.16 0.86 -95.0 136.2 02
p-Xylene p-Xyl 106.17 0.87 13~14 139.0 02
o-Xylene 0-Xyl 106.17 0.88 -25.0 143~145 '0-2
1,35-Trimethylbenzene 1,35-T 120.19 0.86 -4438 164.0 0.02
1,24~ Trimethylbenzene 124-T 120.19 0.89 -440 168.0 immiscible
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Table 2. Condition for P& T and GC/MSD

Condition for purge and trap

Condition for GC/MSD

Purge gas ' He (20ml/min)
Trap : Tenax/Silicagel/Charcoal
Prepurge : 0.40min

Preheat : 0.50min

Purge : 12min

Cooldown : -1307T

Desorb preheat @ 175T

Desorb : 4.0min at 180T

Inject : 0.70min at 200T

Bake : 12.0min at 225C

Column

Ultra 2 capillary
(crosslinked 50m x 0.2mm x 0.33;m)

Detector temp. : 280C
Oven temp. :

hold 4 min at 307, then to 42C at 3C/min,
hold 1 min at 42T then to 80T at 6C/min,
hold 2 min at 80°C, then to 200C at 10C/min

Carrier gas : He (1 ml/min)

(USA)e] dA#E47) Model 59708 AF-8-31 %t

Purge®} trap®219] WA el TekmarAHUSA)
¢] Model LSC 2000 AH&-3Hc}. P&T &AX 9
ExREPL Tenax/Silicagel/Charcoal S AH&-3+
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< JEhAS GCHEELS SupelcorHUSA)
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Table 3. The amount of water at each m & 3
sampling sites
(unit : m'/day)

L 5372 74 324 f7181gE 5=
Sampling sites Amount of T84 2R H2d 478082 FEE 7B
i 7o TFGAl #Fds] A AHA dxw,
Main  Ansim bridge 103097 ° o7 o 101 f} ] ] 1 - j*L
Kumho bridge 269,198 AR, B3 5%n, JH AAY ge T
Paldal bridge 630,409 AFA G *1 ¥ dichloromethane, chloroform, ben -
Gangchang bridge 1,069,087 zene 2 toluene® 47§ =9 HIFE %7} 0029
Branch  Namchun 108,864 ARE 051 pg/L7AX R vlg A2Een 1 9
STEAM - Uamchun 12,607 trichloroethene, tetrachloroethene,  ethylbenzene,
gulhachhunh %218;;1 p-xylene, o-xylene, 1,3,5-trimethylbenzene, 1,2,4-
angchonchun 24, . © el A= ore

Palgechun 72277 trimethylbenzene& A3 ZH&% = gkgich

Dalseochun 354,586 okekitel 4tz dichloromethane, chloroform, ben -

zene R toluene®] 9ol p-xylene ¥ 1,35-tr -

Table 4. Average concentration for VOCs in the main stream of Kumho river

(unit @ pg/L)
Sampling  peMf chl Ben Tol  TCE TeCe EB  p-Xyl O o
D""Q‘r‘i’é’ge D018 0120%) N0z ND ND ND ND ND ND  ND ND
Segrz’lir(lige (D0 024040 D01 ND Mo ND o ND ND ND  ND ND
Dodong 1% oo e Do ND ND o ND ND ND  ND ND D
H%};?gge 00107 03007 DO (b0 W M) ND ND ND D D
C'*L%’L%’ (NDD8H 037035 (D02 (Do N ND ND ND ND AD ND
A%Srl;rgge (D10 08°07) (D39 (oo ND D aDoey N N ND D
A}t];?fge 015060 01705 ND3a 0orgiy N ND ND D02 D (D ND
K‘iﬁﬁge 001050 (D02 (ND02) (NDbasy MO apsm N N0 N0 (S8 D
Mgf?gge D08 017059 OO oo M N ND ND MDD D
Pall)(ri‘l%ge 0515 0115 (D231 012057 aDo2 N N ND ND ND D
G*’E%ﬂg’f 021-15) 0150 (N385 007025 Nbo1 M ND  ND ND NDND
Total 00 0 O WO 0D 0 om0 0@
(ND-155) (ND-150) (ND-495) (ND-0.25) (ND-0.24) (ND-271) (ND-0.04) (ND-0.23) (ND-138)

() : Range, ND : not detected, Abbreviation : See Table 1.
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Table 5. Average concentration for VOCs in the branch stream of Kumho river

(unit : pg/L)
Sampli . ;
Gtes® DCM  Chl  Bem Tol TCE TeCe EB p-Xyl o-Xyl 1997 124
Namchun 06 017 0 0% 005 003
(ND-299)  (ND-078 (ND-028) (ND-030) o~p-osy P apox W N ND
Uamchun 21 097 0% 085 O N I L N S
(ND58) (ND507 (ND-264) (ND-308) (ND-216) (ND-435) (ND-480) (ND-113)
Yulthachun (88 077 001 19 009 D 006 038 011 0% D
(ND-28) (ND-265) (ND-013 (ND-19) (ND-097) (ND-025) (ND-631) (ND-081) (ND-L04
Bangchon- (74 0% 041 133 02 03 0B 0M 0% 08 0
chun  (ND-467) (ND-33) (ND-23) (ND-372 (ND-091) (ND-070) (ND-049) (ND-245) (ND-L0L) (ND-13% (ND-150)
Dongha- (3 07 003 030 019
chun  aD200 oD30H O D0 D% D0 2N N N N ND
Sinchun 08 041 06 029 00 08 02 00 o o
D220 (ND-200) (ND-276) (ND-190) (ND-034) (ND-041) (ND-146) (ND-L16)
Palgechun (03 057 \D 174 0B 0B 00 006 o 06 0
(ND-240)  (ND-L6D) (ND547) {012-202) (ND-0%) (ND-007) (ND-04D) (ND-039 (ND-030)
Dalseo- o 064 D 10 04y O 0B 007 00 0
chun  (ND-288) (ND-L74) (ND-338)  (ND-0.79) (ND-03) (ND-097) (ND-054) (ND-011) (ND-032)
Total 07 06 017 0% 02 06 06 03 0B 02 o®
(D& (ND50) (ND-276) (ND-547 (ND202) (ND-0%) (ND-216) (ND-651) (ND-480) (ND-13) (ND-130)

( ) : Range, ND :

methylbenzene®] "% ZA&H1 Utk 53] di-
chioromethane % chloroform® %7} 74 &2
A¥e fdn AFPo2ZA, FFFEE7H 082 p/L
2 0.75 ug/LE JERSTH

$H benzene?l 71 ¥ HBUFEE HolT
AP ZAAn AYPord 045uw/1L2 JERS
o, toluened T AHANA HIEFE=7F 034
pg/LE2 7V EA Jehta dthTable 4).

27 AR e /U18EHEY v2E Y
HE Y dichloromethane®] 7+ ®& Hi¥xE
Uelle 2)HE $9doz 211 w/L7t HE3HA
o0 chloroforme] HnFEE BHole AXdE &
dHoR 097u/LE ZFHSAUTE EE benzene©]
HATFEE Holy AHL AMLE 065u/LE
et on, tolueneo]l ANFTEE Holw AHL
ZAHLR 174pg/LE YEFXTH Table 5).

2. 34 fU1sigES] AAY 54

7}. Dichloromethane

237 EFdlA 9 dichloromethaneo] w3t 7|
A EAE By oFH 199%6d T4(ND~045

A48z A13E 15(199%)

not detected, Abbreviation : See Table 1.

p/LET ALl 1997 1¥(0.18~1.55 ug/L) ol
Ao 58 FEE Holx T3 A B4
S vz ek =3 A2 E ALE) 1997
91499 7 28 $= 155 ug/LE HERNe
BAol 7% 19963 490 vl 1997 4€
AL Ui ZrE FEEXE BHAKFig. 2).
1}. Chloroform

Chloroformo] Wjdt §357 272 AddE 54
£ 1Y, gEF3HA 19963 7¥(ND~052 wg/L) B
thE AgAQl 1997d 19(0.18~1.18 pg/L)o] Aol
Hog ¥ TR HEHAW 28y dich-
loromethane 2.0+ 1 AlH A Wzl Zo] grtst
A veldn e 53 gAY FEREY
QAW o] Follm AHH Wt Fo] IA F3H
Aot W F37 EFAAM chloroformd] #HilF

£ HolEe AHL F57 HamF AHL A
AFog, ALHY 19973 1€ 1.18ug/LE e}
BdoHFig. 3).

t}. Toluene

F357 BEHAA toluened HE AdE F=&
¥ 423 19969 7R(IND~0.52 pg/L) Btk

1o
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Fig. 2. Seasonal characteristics of dichloromethane in Kumho river.
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Fig. 4. Seasonal characteristics of toluene in Kumho river.

3 271E A H(3459 g/day), TH (14499 2R A LA FUIEE W ¥t
g/day), (12829 g/day), ZTAA(12576 g/day) #F2l =71 chloroformo]l 45% & 7MY =,
o] 02 JeEhtHTable 6). dichloromethane(4226), toluene(11%) trichloroe -
$W Zay 2R HE AH AI¥m =z thene(@%)e) Fo2  Yebton  chloroformt
Aol UElE #HwA §7)stgEe] s=w ¥a  dichloromethane®l #3t&ko] 242} 40% o4& A
%< Fig. 5o Jehilon, Fig 6o #3m A3l UtHFig 5). £ ZFa A4 vjAe
Agel de mAE e, FAH, @Ade FTHEY AVIHRES yEPe §3%F £/
hadog 3wy FrigdE Ts}of Bpye  Fdu Aol 43%E vEbRI, AHA @M A
a”o 2 JeEnfYch TAHo] Z+7h 45%9 12% 2 Lebtch(Fig. 6).
Table 6. Load quantities of VOCs in each sampling sites
(unit @ g/day)
Sampling sites Dir;};l[%?r; . Chloroform  Toluene Tlgf}?égreo— Teté?ﬁglgm_
Main Ansim bridge 12.37 35.05 0 0 0
Sream  gumho bridge 10.77 34.99 0 0 0
Paldal bridge 334.12 371.94 144.99 1261 0
Gangchang bridge 491.78 523.85 128.29 21.38 0
Branch Namchun 71.85 1851 8.71 0 0
SUA™  Uamchun 26,60 12.23 10.72 0 0
Yulhachun 1.41 1.60 268 0 0
Bangchonchun 17.80 22.85 36.80 0 0
Palgechun 21.68 41.20 125.76 56.38 578
Dalseochun 262.39 226.94 354.59 49.64 0

A3 x A13d 15(199)
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A Ren FEH @ HYog HAgIL &
3] gEHAME AHY Aol UAT HA 4
WAool HAF 33 ol HEHT o], wE
A FHF F AHAANE o8 359 HEMTAHEE
zkn gk e wEH FHF F A 23N
9] 79, dichloromethane, chloroform, benzene,

ol&

toluene, trichloroethene, 1,35-trimethylbenzene<
A8 7+48tn 9.2, tetrachloroethene, ethyl -

benzene, xylene2 &3] A|AHI ok o] F
AFs WEHe] RS ¥ F3n AF AFH
EAol wE daoz HdusEd, o XYL ¢
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FH, FIL olF FIHo] HYH: EF o
FANE G52 BEIA 32 Mo TF
& F, FeHiY $EL FEA vse AAH
o7 9zt ot3tE 3 glo} tetrachloroetheneo| L}
1,3 5-trimethylbenzene®] 2%+ FeHiodA H&
=2 gx o 28y ZF AgusE M
T AMeHAF M5 3T It
FHE ¥ 22 AHAINE 2927 g F
7ttt

waby A f73REY vEE YR A
ol Fejn A wd A3 Fristn o
o, Feia APAME HEHA %E trichlo -
roethene G+ Aol wel thie zole glont
AEH Yok

3] Agstast eMdseAed sy ¢
Tt e BAAT gAde WY &
7133E sEe O AF vEd dix &4
et ok a8y 379 HIRAHeRn
A 9872 FHFEHY A AAHY AFn AH
3%, benzeneg AL § U FEo A9 BG
2 AFERYG ¢ FEE vehlx ok 2y
3P 19959 193 29 Ale] F 2039 2R
%235} tetrachloroetheneo] ¥ 0.01 ug/L, ethyl -
benzeneo] B 0.01 pg/L, p-xyleneol 0.05ug/1.9]
52 APtz ¥ 3da glo], B dF9
Ao} o Aol vehlu Utk F ZAFu A
oAl olE FZe AL A gen, EF
g 3y q718gEe AEsEr 3%y 2
AAgE 3A @A JdeEgoh oy Axe
19953 & olF Z¢o Fvksk AH L EMH 3
FAE e g3t ToR UAsd G5
Aol AA AXge wWE HPo2 RTh
29 3 fUsgEe] AdY 548 Y
A dichloromethane®] %%, &3 R}t ALHo|
Ao R o FEE Bol: FHF AXA &
g Jehdn Qled, oy AEH $5d 9
g M3 d7] FoR9 3 Fo oIl FE
7t Zaded vE AgHde o3 ajlel A
Hoz AHA v ©g Aoz wddrh
T3 F57 #9olA dichloromethaned 3 ¥
T8 Hole AFE ¥gu AYPLo=EA 33 o

P oo

fjns

W Ae A 138 15(1998)

F 2 ZAHY 9% ¥3 gl wE o
2 Holy, AFFozE ALAEY 19973 14
M EE FRE Boln Qith

$H SFE ZAFE AHo FasA AntHo
2 dichloromethane®] FTx& ZF7l8lz 3leod,
19963 499 ul3) 19973 499 3¢ g #2
d F5E Rojxd, ol 1996l nlaj 19974
o AS A9 F7te} tlgel #AF 3w A
A2 FAVE Tow Asted FEAe FAEo
NAge wE 4oz wagd

Chloroform dichloromethane A & o
E3dHOE AgHo AdAHoR ¥ FEE B
ol AdH EAHE 2ok 8y dichloro -
methane BohE 1 AlA A EAJo] odtA| vieht
2 ey, 53 dTAY Fd Foe AMY &
Aol AA EZE e o] chloroforme] 249¢Y
o] 4 Qo] old o8] 7tA AR st
L24gol Nedly] Eo2 g

W 2373 BFIA chlorofornd #1 ¥%
& Holv AL A AFer v, di-
chloromethane®t+= 22 $92IAHA FAHHY
gt ofel A Aol EHE A
Foll g AR JFE vy GAMHYy JIx
A B UEE dAEE vk £F tolueneS
FEZ AFAY @I, Makn, 5% 2 FHAA

A3 HEHA @Fxn gled, & Yorx

FEETE polm Ytk T AH

of upg} 9fzhe] Aboly glont dlFA Y f9iAol

FEE Holed, ol: dichloromethaned 7o)
AR ARy Hese 24 3RS 93
& gl A 3FIAHAA wEHE 8- HvY
P dF ¢u Qg WE #4oE KATh
a3 7et HEd /1gEELS dichlo-



romethane, chloroform, toluene HthE
7b Sz, ggw 2 2R [HAAN
2 HAEHx 39, o5 F3F sFAHY
Agox e 3 - slgd g g B
ALS FAE & Ut

57 BFO uale 337 HY 44
F7188 8 9 A¥EE 337 AF 2
Hol Ae FHLAH #4730 EY FFsEE ¥
B} 34 Yeluga glovt faFe] dijyez 3
o] A FTF7} BEF uAe ¥IFES HA U
Bz ok 53] &5 AsE LA /71
3B HEFEL Aoz A dEvz
o F3o] ulg Hol AA 37 BFde
AL XA B3 FaFos JEda gl
W, 257 EF9 HIF AFA AFn AH
9] Afols gMMT e o] EAH H|
3 FHAA [P EY FaFe] AdHer A
A Vel %S Bol vFE ¢ F ok

oleig Ratae 29T B'P0] 19944 14
of &A% AnrcE AAHeR IAA A YE
Yz glied ol ZAHAAY Aolo] AA 7S
3 g7l gEez wod w3 7 e §uy
#7135t 8 9 AAT AL AT3IEA, tetra-
chloroethene, trichloroethene, toluene, benzene®)
el g z=dedA AAZE FE S dFIAE
vl 2 7 ZAnst Yo ZAntel wag o
olg =9 R3go] ZA olxd, 4F & - ¥
= Ml 7heor QlstY F3% e A
A ARAHD &S FEHE Uk

4o oo
AL o
o B (T
Ko o

o it ¥

v.d 2

B3 EH% 1A AHEH 257 AR 84 A
Hol disld 19959 1049 %H 1997d 4¥97= ¥
1319 F 193] &A§ LY F718EEe v %
o} AEH 54 & e zAEAC

737 BRIAME chlo -
roform, toluene, benzene, trichloroethene, tetra -
1,3,5-trimethylbenzene
AEHULY, dichlo -

dichloromethane,

chloroethene, p—xylene ¥
el 87 &Eo]

=3
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romethane, chloroform, benzene 3%¥E& ®F
A xHM HEHUTh
T2 AFAAME chlo -

roform, toluene, benzene, trichloroethene, tetra -

dichloromethane,

chloroethene, ethylbenzene, p-xylene, o-Xylene,
1,3,5-trimethylbenzene 2 1,2,4-trimethylbenzene
9] 117 3¥Eol H&EHULH, dichloromethane,
chloroform, toluene?} 3%%E& X F & AHoiA
HE5HAG

AdERe 9JEHY 19969 79RY A-gH<
19973 1¥°l 2 FEE Jehlgled, g%
o] H3lFd AR AP LA /7L E F
slze] =27]& chloroform > dichloromethane >
toluene > trichloroethene®} <2 velygcl

ojdte] dxz B o 37 BF9} AlFA
9] FAH FrIFGEES IF HREY HEH
2 Yen I FEE HEE £AVIERY HA3
G FFIXT Fijo] & BHEERR A&
A BUEHH S B3 FAF AERAG Aed B
A& 7|Etejol & Aol
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