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Abstract

A comprehensive quality survey for heavy metals, organophosphorous and organochlorine residual pesticides,
and coplanar PCBs in samples such as water, sediments and soils as well as spiders has been implemented.
The samples were undertaken at nine stream sites and their vicinity in August 2006, representing different
surrounding environments. The levels of PCBs were expressed as concentrations and WHO-TEFs. Among 12
coplanar PCBs as target compounds in this study, 2,3',4,4',5-PentaCB (IUPAC # 118) was the congener with
the highest concentration. The total concentrations and TEF values of coplanar PCBs in Siheung stream sedi-
ment (heavy industrial complex site located in Ansan city) were 3915.50 pg/g and 0.8366 pg-TEQ/g on a
dry weight basis, respectively. Such levels were around 40 times higher compared to sediment from Gapyung
stream (green site located in the upper of Myunggi mountain). It is probably due to the direct input of PCBs
from PCBs treatment materials. Organophosphorous (EPN, dementon-s-methyl, diazinon, parathion, and phen-
thoate) and organochlorine (alpha-BHC, aldrin, 4,4'-DDT, 4,4'-DDE, endosulfan alpha and etc.) pesticides were
not detected above S ppb of detection limits. The concentrations of Cu and Cd in water and sediment samples
from Siheung stream were 44.11 and 0.17 ug/m¢ and 713.42 yg/g and 3.73 ug/g, respectively, which contained
20~40 times higher concentrations than those from Gapyung stream. In addition to the water and sediment
samples, the levels of heavy metals in spider from designated sampling sites were also determined. Heavy
metals in spider collected near Siheung stream was appeared to be equivalent and/or a little higher levels with
respect to other spiders. Furthermore, the ratio of relative heavy metals (Cu, Cd, and Pb) in spider from each
stream site showed a correlation as similar as that of heavy metals in soil samples.
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(Cambridge Isotope Laboratory, Inc., USA)S] EF &
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acetone, iso-octane, MTBE, dichloromethane F)& J.
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Coplanar PCBs= US EPA Method 1613 (High
Resolution GC/MS Method for the Determination of
Tetra-Octa Chlorinated Dioxins and Furans)dl ¢]# st
Fig. 19] 38%d wa £43191, 24 =42
Table 1] ZFA}3] JehAitt Zt A8 22 copla-
nar PCBs9] A4 2 A ®a% (resolving power)
©] 10,000 <] <1 HRGC (HP 6890 GC, USAYHRMS
(Jeol-700D, Japan) EA7]71& o] &3l 2AFH
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A& HE 712 A2l E 2 (Varian CP 3800)2 3
Q% JFHach 9 Aguse RelE A0
CP-Sil 8 CB Z4 & AH-3IATE 71944 2F%
¢k (Aldrin, Alpha-BHC, Dieldrin, Endosulfan alpha,
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Endosulfan beta, Endosulfan sulfate, Eldrin, 4,4-DDT
= &% 16 £)& U.S. EPA Method 8080¢] w}e} A] &
AH 3 T AREEAE7] (electron capture de-
tector)®} A2H JtA I Z2elEIYZE (GC Trace
2000, ltaly)E o] &3t ARFAT F2S (, 7
ZF, Hl4& 5)9 A& AP FX+= Microwave di-
gestion system (Microdigestion 3, Prolabo, France)2
o]-§3tQ L 3tA, A HAHE B EFLS 9 mL
HCIZ 3 mL HNO;E, W5t Av|¢] Zfodle 7mL
HNO;$t | mL H:0:F AH&-3t] AR 2
Al 274 453F& ICP-MS (ELAN DRC-e,
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3.1. Coplanar PCBs

o8 ME G2 FAFAE (FHAYE, B4 2
AY FAAY, 5HAY, AL S 32+ §3H)

£ YeE 99 a1 94%¢ ARed ol 3

Prepared dry sample
(2N HCl — air dry — filtration)

- Filtration washing liquid : liquid-liquid extraction (toluene x 3 times)
- Filtration residue solid : soxhlet extraction (toluene x 16 hours)

- Concentrate to ImL by rotary evaporator
- Concentrate to 100 pL by N»
- n-hexane (2 mL)

Multi-silicagel column (based on JIS method)
- 15 mm ID x 30 cm column
- elute with n-hexane (150 mL)

- Concentrate to 5 mL by rotary evaporator
- Concentrate to 1 mL by N,

Alumina column
+ 15 mm ID x 30 cm column
- elute with 2% dichloromethane/n-hexane (100 ml) (Coplanar PCBs)

- Concentrate to 1 mL by rotary evaporator
- Concentrate to 100 pL. by N,

- Solvent exchange with toluene

- Add internal standard

+ 40~100 pl of solution

| HRGC/HRMS 32

Fig. 1. Flow schematic of analytical methodology for determination of coplanar PCBs.
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Table 1. Analytical conditions for coplanar PCBs
Item HRGC Item HRMS
Model HP6890 GC Model Jeol-700D HRMS
Column DB5-MS (60 m * 0.25 mm * 0.25 /m) Tonizing mode El/SIM
Oven temp. 100°C—gzéfcbir?(lﬁg;iﬁgzglorgig)(:iﬁlg/m1n—> Chamber temp. 3007C
Injection temp. 300°C Interface temp. 300°C
Injection mode Spiltless Ionizing energy 38 eV
Carrier gas He (99.9999%) Accel voltage 10 kV
Flow rate. ImL/min Ionizing current 600 pA

HE9] PCBs9) @ YA (degree of pollution), -4
(distribution), 73914 2] 2422 A% (potential
risk for the environment)E #7}3l9c}t. AdH o=
PCBs= Hlo]H|d &7 (biphenyl scheme)o] 3}
o] 3= AodAe F9 X wt 209709] 5=
A (congener)Z T35 o] Yot EE3S] 209712 PCB
FEZAE 294 coplanar PCBs= non- and mono-or-
tho PCBs& ©]Fo]A Ao g A 23,78-TCDD (2,3,7,8-
tetra chlorinated dibenzo-p-dioxin)¢} F-A}3+ A &9
Z adht 54 A3E Bty g A ik Van
den Berg 52 t}o] 8- A% ¢1 PCDDs (polychlorinated
dibenzo-p-dioxins)<} PCDFs (polychlorinated dibenzo
furans), “12] 32 PCBsol| Uit A @5 EE2 S54E
T MAYEES A4t “2,3,7,8-TCDD like”ol] of
3+ 545 7}R1R} (TEFs; toxicity equivalence factors)
FXE ANSFAD. wEtA B PCBs £4e 9o
A AEd vkt Zo] to]$4l FAL PCBs (dioxin-
like PCBs) & coplanar® %5 W& PCBsE 314
she} A AT

Zt A g6l SR8 A= sAE HHE ] coplanar
PCBs ¥4 A3}-E Table 29 Y}eh) At} Table 29
Al B ule) o] AAFHe g nE s HF &9
A 12%9] t}o]8-4l H-Al (dioxin-like) coplanar PCBs
7t AE9 Aole Yoy BFE IAHI L, o)F
ANAM = 53] 2,3',4,4',5-PentaCB (IUPAC # 118)7}

£ coplanar PCBso| Hl&] w9 =& &2 2} &
A FHHENA FEHAT 2 O SAE Hag
Fr9 WYt FUAHES coplanar PCBsE &=
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3,3'44'5-PentaCB (# 156) —18]3 2,3,3.4,45,5-
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2,3,3'4,4',5-HexaCB (# 157), 3,3,4,4',5,5-HexaCB (#
169) Z18) 11 3,4,4'5-TetraCB (# 81)= 7} 81 H A
FoA wFoz HE: HUD ol#g A
Frignani 5©] o]ga] o} Venice Lagoon®] ¥ Z &
A A7 48 AR A9 fAreEe”. o] AT
M E 2,3,4,4',5-PentaCB (# 118)0} 7} ¥ & Enjc}
AFs) e Fxoz wEE Qo 33 4,4-TetraCB
# TS 27+, 2283l 2,3.4,4,5-PentaCB (# 126)
3} 3,34,4'5,5-HexaCB (# 169)%= o} nl o] AL}
A AEHA &gt

dWtxg oz PCBso] &8 874 BV |EAE
A, EY, HHE AA t7] FAME $HRSY
At 7S A8 IS AEEHA @olor Aok
7R W] WAso] Q. Table 20 YebA 1l
o} o], AJZFEE 7t2AY 52 AU % it
Al AFAH (THAY) HHEL PCBsY ¥ A&
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Table 2. Total concentrations of coplanar PCBs and their TEQ levels in several stream sediments

Gyeonggi

Gyeonggi  Oyeonggl  Gyeonggi Gyeonggi Gyeonggi  Gyeonggi Seoul  Gyeongbuk

PCB congener ~ WHO Gsitr)z;r?]g Gapyung Gsapy::r’lg Amsan  Ansan  Ansan  Ansan léngrang Juwang Mt
(IUPAC No.) TEF Gapyung Strea{n Mokdong Donghwa  Ansan  Sihung  Banwol Seongdong Jeolgol
Rairoad  Myunggi Mt Bridge Stream Stream  Stream Stream Railroad Valley
34,4 5-TetrCB (81) - 0.00 3.00 2.00 2.00 250 22,00 0.50 1.50 450
0.0001 0.0000 0.0000 0.0000 00000 00000  0.0003  0.0000 00000  0.0000
3344 TeraCB (7) - 33.00 32.00 21.00 38.00 7150 25550 58.00 24.50 39.50
0.0001  0.0002* 0.0002 0.0001 00003 00011 00040 00004  0.0003  0.0003
2,344 5-PentaCB . 7.50 10.00 7.50 11.00 7250 18500 19.50 13.50 8.50
(123) 0.0001 0.0000 0.0000 0.0000 00000 00011 00029  0.0001 00002  0.0000
2,3'4,4' 5-PentaCB - 79.50 56.00 46.50 67.00 72650 168550  193.50 85.50 3550
(118) 0.0001 0.0006 0.0004 0.0003 00005 00116  0.0269 00012 00013  0.0002
2,34.4'5-PentaCB - 2.50 2.00 1.00 4.00 2400 6250 6.00 4.50 450
(114 0.0005 0.0001 0.0000 0.0000 00001 00019 00050  0.0002 0.0003  0.0001
23,3 4.4'PentaCB - 16.50 17.50 13.00 24.00 27850 62950  57.00 35.00 10.50
(105) 0.0001 0.0001 0.0001 0.0001 0.0001  0.0044 00100  0.0004 0.0005  0.0000
2'3,4,4'5-PentaCB - 1.00 4.00 250 3.00 1000 4200 3.50 2.50 4.00
(126) 0.1 0.0080 0.0320 0.020 00240 0160 06720 0.0280 0.0400  0.0320
23,3 4.4' 5 HexaCB - 4.00 12.50 10.50 5.50 14150 29700 11.00 17.00 8.50
(167) 0.00001  0.0000 0.0000 0.0000 0.0000 00002  0.0004  0.0000 0.0000  0.0000
3,344 5-PentaCB - 10.50 10.00 7.00 1250 12100 28850  25.00 15.50 6.50
(156) 0.0005 0.0004 0.0004 00002 00005 0009 00230  0.0010 00012 0.0002
2,3,3'4.4'5-HexaCB . 2.00 2.00 1.00 250 2450 7550 2.00 5.00 150
(157) 0.0005 0.0000 0.0000 0.0000  0.0001 00019 00052 00000 00004  0.0000
3,3'4,4'5,5 HexaCB . 2.00 2.50 1.00 3.00 8.00 51.50 4.00 3.00 3.50
(169) 0.01 0.0016 0.0200 0.0008 00024 00128  0.0816  0.0032 00048 00028
2334455 HeptaCB - 9.00 10.50 6.50 1350 15200 33200  32.50 19.00 5.50
(189) 0.0001 0.0000 0.0000 0.0000 00001 00024 00053 00062 00003  0.0000
Total concentration (pg/g) 17150 162.00 11950 18600 163250 391550 37250 22750 13250
Total pg-TEQ/g 0.0110 0.0351 00215 00281 02070 08366 00347 00493 0.0356

*pg-TEQ/g is calculated on the basis of actual concentration x 0.08 x WHO TEF

AAAEo] A = ¢glAW o) 3 PCBs] 313
frgol | EE3 Q9 (source)C 2 HE] H|F
HAS A A Eh A7% A kA (F
AA Q) X H& coplanar PCBse] ¥ A2 w9 &
5457182557 242 163250 pg/gst 0.2070
pg-TEQ/go. & QHIAl A ZH 3 vmsE w 5 2
22Tl 121, & ERENSNEEEE o= 14
o] g vehidck 2y o9 UH R g 3
HAEHE FTHYE 100~400 pg/g}, 0.0110~
0.0493 pg-TEQ/g o2 A 9] H|=3}A] BREEFH o] 3lof
SHARA] A|EH A AZH PCBs TR HU= < 10
~40u) A2 A& Bt o3 AdPRES nF
A, Al EFE YRE BESL A ATHG

NEZY 79 FAAG Qe Shrgo
A e EXTIE PCBs9] =& o] vf$-
3 340 AT oA 2 otddFo] Y
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oje] S50} HAE T3 A FHe) EFS
G FHARHANA AT A At
AezznendEy Adel g 24 AgE Fo
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tdE (Dementon-S-methyl), Tho]o}Xx]= (Diazinon),
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HlE o] E (Phenthoate)o] Yt} Aty o g AKX
A AAFE JE FE Yo gsbd 42 F9
F71A JFRFGL AR RIS YA &
A AEHME & =Y, EF T 471 IFE
oFo] 3 & JVIEXNE EYLE $EFE A9 (A

TR BREA - Aok GG - oA -
FEEA - T AKEAGE - BT HAA) -

FEA - FHEA L AFHADZ 10 pg/go 2 HoIY
. §7190A g BAALE Table 30] L}e}
WLt Table 30A4) XEnle}l 2o), 2 Ao A =)
F3 54, H4E, 283 EFANESEZRE §7)
AA ZFEUS HETA (5.0 ppb) o)A ME =
AT & YAk o|F HE B o), B AFE 93
A% ahd 2 3 o] AETA ol &
AA sFsd JaiA 2950 YA Yok AL
238 + YA

33. RIIEAA HESY

AM AT 7 Ao £33 HAE, 19x
2 Fue ERe A 16 29 F71947)
5%k (Alpha-BHC, Aldrin, 4,4-DDT, 4,4'-DDE,
Endosulfan alpha )& U.S. EPA Method 8080<¢] 4
Aol wheh Alg3te] oo Wig ¥4 AAE Table

—_

458 447 - o134

4o eI, 2 el &
A AEE FY /7194 2
FEH A Fo} FAE ( 4
&%, A7) T #7194A s43F HEVE
2= A ASE Y. Table 404
Zk A EA 16 71944 HFsde 2
A (A2 71944 Z55 %l Wt 5.0
ool A A HE HA gt

34. 334

Ul st 24873 7F g3E AEHe
53 BAGle) AHgte] RARREE HAste] F (Pb)
L2 0.1 pg/méol 3}, JF=H (Cd)y2 0.01 pg/ml ©]3}, ¥
A (As)= 0.05 pg/mt o]3tE HEH ook drfka 1
AF o] AT, 7 s $Ad FaHel e
FI=E, 4 59 Fa4% £4 4FE Table 59 1}
AT 7 kg § FHFS HAR 0.04~
0.15 yg/m¢ A=Z vwA 2 31319 3 747
TN FF3h. St=F Afole A% it
A ANERAY =g o] 0.17 pg/mlE A 001~
003 pg/mts Hole ©]9l9 g FARGE )
S Ewton, FARAAN A= A BAVNFE
o visiM e 179U L 38 B gukae

Jdu on
ol

Table 3. Residual concentrations of organophosphorous pesticides in water, soil and sediment from each stream site

Water, Soil, and Sediment (ppb)

Sampling sites

Dementon-S-methyl  Diazinon Parathion Phenthoate EPN
Gyeonggi Ansan +
Sihung Stream N.D. N.D. N.D. N.D. N.D.
Gyeonggi Ansan
Ansan Stream N.D. N.D. N.D. N.D. N.D.
Gyeonggi Ansan
Donghwa Stream N.D. N.D. N.D. N.D. N.D.
Gyeonggi Ansan
Banwol Stream N.D. N.D. N.D. N.D. N.D.
Seoul Jungrang Stream
Seongdong Railroad N.D. N.D. N.D. N.D. N.D.
Gyeonggi Gapyung Stream
Mokdong Bridge N.D. N.D. N.D. N.D. N.D.
Gyeongg.x Gapyung Stream ND. ND. ND. ND. ND.
Myunggi Mt
Gyeonggi (?apyung Stream ND. ND. ND. ND. ND.
GapyungRailroad
Gyeongbuk Juwang Mt Jeolgol ND. ND. ND. ND. ND.
Valley

"N.D.: not detectable below 5.0 ppb of detection limit.
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Table 4. Residual concentrations of organochlorine pesticides in water, soil and sediment from each stream site

Water, Soil and Sediment (ppb)

Seoul  Gyeonggi

TP v vl vl v e
Sihung Ansan  Donghwa  Banwol Seot;?(lirgng Miﬁg i G:g;ﬁggkai;fgﬁ Jeolgol
Stream Stream Stream Stream Railfoad. _ Bridge Myunggi Mt Valley
ALPHA-BHC N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
GAMMA-BHC N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
BETA-BHC N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. ND.
DELTA-BHC N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
HEPTACHLOR N.D. N.D. N.D. N.D. N.D. N.D. N.D. ND. N.D.
ALDRIN N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
METHOXYCHLOR N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
ENDOSULFAN I (ALPHA) N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
44-DDE N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
DIELDRIN N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
ENDRIN N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
4,4-DDD N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
ENDOSULFAN 1II (BETA) N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
44-DDT N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
ENDRIN ALDEHYDE N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
ENDOSULFAN SULFATE  N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
"N.D. not detectable below 5.0 ppb of detection limit.
Table 5. Concentrations of heavy metals in water from each stream site
Sampling sites Cu Zn WaterA(sﬂ o) cd Pb
Gyeonggi Ansan Sihung Stream 44.11 25.70 3.08 0.17 0.10
Gyeonggi Ansan Ansan Stream 6.46 6.34 1.54 0.02 0.12
Gyeonggi Ansan Donghwa Stream 6.64 40.94 1.39 0.03 0.06
Gyeonggi Ansan Banwol Stream 1.70 826 0.11 0.01 0.05
Seoul Jungrang Stream Seongdong Railroad 12.78 11.02 1.30 0.02 0.15
Gyeonggi Gapyung Stream Mokdong Bridge 1.73 5.63 0.06 0.01 0.04
Gyeonggi Gapyung Stream Myunggi Mt 1.41 343 0.04 0.01 0.03
Gyeonggi Gapyung Stream GapyungRailroad 1.16 3.04 0.17 0.01 0.06
Gyeongbuk Juwang Mt Jeolgol Valley 1.26 3.92 0.05 0.01 0.08

I A 211:} 2 Xix}
alléihﬂ} N2 olF e vl FHFS
0.04~0.05 pg/mZ A BlWA BA7EX ] A8}
Ko v AVIE QA AEE (AR )
S3H (FAAY), 283 ANEA FFH (FAA
e vl 49 =E8Fo] 1.30~1.54 gl O 2 A v
A wxon, gso] A7 AEH (TEAEY
AL e HlA 6Fo] 3.08 pymozA A 7

2o B3ty 79 60u] o]A}e] AFE Bo S
249

Table 60 Z} 314 ¥ U= Eo 224 3
FL el =l &4 7|Ed ostd, ESL
4 $871F 79 U Aoz TR SlEge
159} 12 pgle, -2 1003} 400 pe/g, 7218 503 200
pglg, HlAE 63 20 pg/go . FARS L Yot w3
EYLQ INFo2E JIEEL 49 30 m/g, &
£ 3003} 1,000 pgle, FEE 1259 500 pelg, HlAE
159} 50 pg/go 2 F8ka Q0. Bl QA Ao
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Table 6. Concentrations of heavy metals in soil from each stream site

Soil (ug/g)

Sampling sites

Cu Zn As Cd Pb
Gyeonggi Ansan Sihung Stream 127.57 110.25 32.89 0.42 33.43
Gyeonggi Ansan Ansan Stream 40.84 76.43 53.86 0.16 15.36
Gyeonggi Ansan Donghwa Stream 16.77 79.83 42.78 0.15 18.89
Gyeonggi Ansan Banwol Stream 19.99 73.84 27.63 0.13 18.13
Seoul Jungrang Stream Seongdong Railroad 59.51 136.50 34.18 0.91 37.22
Gyeonggi Gapyung Stream Mokdong Bridge 26.51 91.63 47.48 0.19 21.81
Gyeonggi Gapyung Stream Myunggi Mt 38.37 100.20 40.38 0.16 15.87
Gyeonggi Gapyung Stream GapyungRailroad 28.07 98.68 49.90 0.19 16.08
Gyeongbuk Juwang Mt Jeolgol Valley 5.86 58.80 40.06 0.11 17.67

A AJT EG T St=ER F §4FS AR
94, A% B3] A FHY Bl OE §H
AYEY] EYROE 4 & Jl=F3 g T4
F (A2 042 pg/gT) 3343 pg/g)S Holile o
Ao By $27|Ed 84 £ vXe
FEE BAY FEY Ao AT kA A
TH EX 78 R (127.57 pe/g)] €199 ot
g 31 NYEL EQd v o) EY Y
T 4 A VEARGE 3t e F£AE R
At Zt AT E B 59 vlA FFH 27.63~
53.86 pg/g®] FEHAE Holx glow o]&9 H|
& FREFe B 98 7o U A9 A3

A5lo] QA Wk 7 SHA G Higtol A £AT 5
HE F9 & EHAHAE Table 79 YR Ak
AtA o g A7E A A §HE FF&
(&, 7t=8, 7)) 3ol & HEd FHH= 2
o rle 2o ¥R FEHAD dE 5o, A=
7HEA C1EER) HA3E9 J=E, @, 78 g
o 742} 0.07 pglg, 7.58 pglg, 15.93 pg/gS Holn
Ao, NEHY Aol ol5e FFRT} oF 50
ul, 1700, 441 A= o &L 3.73 pg/g, 129531 pgle,
a8 713.42 uglgd) Vel 3 9l vk o
H 49 i3S AAHoR ZE M HFE A
A9 vl FFEOE AEHAD

T=
FTEE

o Eged dA 7Ed A9 245 & v 7 3t 2 - EY - gHHE 9 85 24
i Aot AHE Aurxog g B o), A2 I 874
sl A g A, s Egde B9 3 AFARG AUAO o FAY ob A §
A 3204 H4% Fo EAsE W =R, @Y £EL oA 593 AV AFVY &
vz 59 FF5 UM o}y BAR AFolRE A, B HAES F BT T3S HaIe B
7t BRI vlHIEte o1 sk B AE Fol & dFolAM AR U NYIHE BoE uS ¥
Ashe SEEY E7 7IEAE 2007d GA7RA 7 A& 2 F At wabA FF o) s %
Table 7. Concentrations of heavy metals in sediment from ecach stream site
. . Sediment (ug/g)
Sampling sites Cu 7n As cd Pb
Gyeonggi Ansan Sihung Stream 713.42 358.12 42.12 3.73 1295.31
Gyeonggi Ansan Ansan Stream 40.16 154.67 66.15 0.55 33.77
Gyeonggi Ansan Donghwa Stream 11.43 197.50 20.77 0.21 25.18
Gyeonggi Ansan Banwol Stream 18.00 105.26 44.01 0.12 15.78
Seoul Jungrang Stream Seongdong Railroad 459.93 111.24 14.46 0.24 12.93
Gyeonggi Gapyung Stream Mokdong Bridge 16.33 44.97 32.43 0.15 21.81
Gyeonggi Gapyung Stream Myunggi Mt 18.02 3547 33.49 0.13 9.20
Gyeonggi Gapyung Stream GapyungRailroad 15.93 53.19 37.11 0.07 7.58
Gyeongbuk Juwang Mt Jeolgol Valley 5.83 59.72 52.60 0.14 20.33
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Table 8. Concentrations of heavy metals in spider (Pardosa Astrigera L. Koch) from each stream site

Sampling sites

Spider (Pardosa Astrigera L. Koch)] (ug/g)

Cu Zn As Cd Pb
Sihung stream 1 1082.88 377.45 3.94 42.09 1.24
Sihung stream 2 1061.37 374.94 3.85 38.79 1.45
Sihung stream 3 998.41 462.47 221 38.46 1.15
Sihung stream 4 1195.87 484.94 2711 41.69 1.28
Sihung stream 5 1415.81 575.89 3.17 50.84 1.74
Average 1150.87 455.14 3.20 42.37 1.37
Donghwa stream 1 312.01 911.12 N.D. 12.16 121
Donghwa stream 2 177.58 600.09 N.D. 9.53 0.35
Gyeonggi Donghwa stream 3 276.45 988.19 N.D. 15.01 0.69
Ansan Average 255.35 833.13 N.D. 12.23 0.75
Ansan stream 1 510.00 697.93 N.D. 26.33 1.36
Ansan stream 2 436.27 521.63 N.D. 21.86 0.89
Ansan stream 3 462.04 671.99 N.D. 23.17 1.44
Average 469.44 630.52 N.D. 23.79 1.23
Banwol stream 1 284.70 396.38 N.D. 6.18 0.71
Banwol stream 2 337.96 396.12 N.D. 6.39 0.61
Banwol stream 3 291.66 406.84 N.D. 8.80 0.77
Average 304.77 399.78 N.D. 7.12 0.70
Gapyung stream
Myunggi Mt 1 296.59 378.75 N.D. 10.26 1.14
Gapyung stream
Myunggi Mt 2 299.20 480.87 N.D. 12.22 0.57
Gapyung stream
Myunggi Mt 3 287.81 438.08 N.D. 13.04 0.67
Average 294.53 432.57 N.D. 11.84 0.79
QGyeonggi Gapyung stream
Gapyung Mokdong bridge 1 23475 397.12 N.D. 11.45 0.57
Gapyung stream
Mokdong bridge 2 361.76 706.29 N.D. 14.88 0.57
Gapyung stream
Mokdong bridge 3 480.25 678.32 N.D. 22.36 0.76
Average 358.92 593.91 N.D. 16.23 0.63
Gapyung stream 229.19 511.62 N.D. 16.27 0.92
Gapyung railroad
Seoul Jungrang stream
Jungrang Scongdong railroad 210.22 385.21 N.D. 527 0.42
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¢ & (Table 6)3 FAMG Bae Yelyx
o 2 EEY A A 0 vAE 23
5 A71% AFH 8 EQUA AAE e
BEY AT AT B2t )] Fou 0]9) e

€ A FHE] ESUATgME HLE A
ASE 7 QT o)H T WL EF 59 HA
§Hf-% (Table 6)0] B 5 H|&3 302 SHJHY
7] W&ol oo AnE wolEd X, o]d thgh
O B HFol ¢ g3ty AZ4H.
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4. 2 &

2006. 8. 28~2006. 8. 30 3Yztel A FAAA
3 (A5, Y, B3, Bekd, S5, s,
AZAHERE 4, §3E, J« EY, 183
B5thAvE A FH 5] coplanar PCBs, 71914 2
FANRQEA FHEE 28 2FS (Ph, Cd, As,
Zn, Cu)®] RLEFEE FAT UL 2L AES
=&t

O AlgelA AAF F 12F 9] dioxin-like copla-
nar PCBs7} Z.& 313 HAENA AR AEHYOe
o, Ex o] 2,3'4,4,5-PentaCB (IUPAC # 118)7} -4
S2=x 7 B} (Table 2).

@ Coplanar PCBs¢] ¥ &%t sl & ENEY)
Fsre AFAY CFEAE 71E S, 7HEE ¥R
A 7 BEn, #9444 AFAF) < FYA
(A T = EAAY (A FF7) < kb
ADAT (FAA] vk, AR (FAEA] bt
), FEAT (A A EH) €2 5571 B4
A&5 9t} (Table 2).

® #7114 (EPN, diazinon, parathion 5-& X3}
T F 5%) 771944 #F%5 < (endosulafn alpha
9} beta, 4,4-DDT, 4,4'DDE, aldrin 5 & 16%)& A
ZS3A (0.5 ppb) o] oA = AF 9T 5 YT
(Table 3, 4).

@ AEFFD YR8 Y= PAA AFHL o]
2ol T AH9 JHERY, 29 ALdE F}
ZEH Hlag 78, EGE 79 JlEF, 34 §
HES 7 =g 2 o] gHgo] 423 &

A& H AT} (Table 5, 6, 7).
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A} FHAE B
Z EY 39 Jl=F J‘v‘%k (3.73 pe/g)™
o] % %/\oﬂ)ﬂ A st E5dAY Y FA=F A
AT (4237 pgle)2 ol EFETH EE5U AN
Hox 433 & 5EE EAT (Table 7, 8).
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