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Samples of water, soil, and sediment were taken from 10 streams of Andong city in Gyeongbuk province in
October 2004. To assess the degree of environmental pollution for each stream site, the chemical analyses of
pollutants such as T-N, T-P, COD, heavy metal, organophosphorous and organochlorine pesticides, and
dioxin-like PCB congeners were implemented using the standard process tests or the U. S. EPA methods. In
addition, biological assessment using insect immune biomarkers was conducted on the same environmental
samples to complement the chemical assessment. Except Waya stream (T-N; 2.91 mg/L, T-P; 0.16 mg/L, COD;
14.0 mg/L) with above the environmental quality standards, the T-P and COD concentrations of 9 sites are
relatively low. The contents of Pb and Cd in samples taken from each stream were much lower than
environmental quality standards. However, in comparison with soil samples of other streams, several times higher
concentrations of Pb and Cd were found in locations at Mi, Gilan, Yeonha, and Waya stream sites.
Dementon-S-methyl, diazinon, parathion, and phenthoate compounds among organophosphorous pesticides were
detected as concentrations of ppb levels, respectively, from soil samples collected in the vicinity of Gilan, Mi,
Norim, and Waya stream. On the other hand, 16 organochlorine pesticides and 12 dioxin-like PCB congeners
selected in this study were not found in all samples. In particular, considering significant disrupting effects of
Waya stream's samples on insect immune capacity, this stream seems to be contaminated with investigated

and/or uninvestigated pollutants in this study.

Key Words: T-N, T-P, COD, Heavy metal, Organophosphorous pesticide, Organochlorine pesticide, Dioxin-like
PCB congener, Insect immune disruption, Spodoptera exigua
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Fig. 1. Map of sampling sites: O Banbyun-chun; & Norym-chun; @ Mi-chun; @ Poongsan-chun;
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Table 1. Concentrations of T-N, T-P, and COD
in water from 10 streams

Stream (gg/l\li) (mg/lli) (r?lg/li)
Banbyun-chun 2.03 0.048 9.0
Daekok-chun 425 0.017 7.0
Songya-chun 3.23 0.170 2.3
Kilan-chun 1.30 0.073 7.0
Mi-chun 240 0.021 6.0
Norym-chun 1.85 0.021 5.0
Kooke-chun 061 0.046 6.0
Poongsan-chun 2.03 0.130 50
Hyunha-chun 0.82 0.026 6.0
Waya-chun 291 0.160 14.0
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Table 2. Concentrations of Pb and Cd in water, soil, and sediment from 10 streams

Pb Cd

Stream Water Soil Sediment Water Soill Sediment
(pg/L) (pe/g) (pg/g) (ug/L) (ug/g) (pg/g)
Banbyun-chun 0.11 3.01 545 0.016 0.065 0.044
Daekok-chun 0.07 1.86 1.06 0.051 0.155 0.016
Songya-chun 0.02 0.76 0.35 0.010 0.016 0.007
Kilan-chun 0.08 7.76 3.70 0.044 0.110 0.028
Mi-chun 0.06 5.09 136 0.052 0.142 0.025
Norym-chun 0.02 1.27 0.70 0.036 0.029 0.014
Kooke-chun 0.04 1.40 251 0.030 0.065 0.036
Poongsan-chun 0.06 241 0.40 0.005 0.020 0.008
Hyunha-chun 0.03 10.41 1.35 0.035 0.233 0.020
Waya-chun 0.05 525 0.27 0.036 0.119 0.004
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Table 3. Concentrations of organophosphorous pesticides in water from 10 streams
Organophosphorous pesticide
Stream Derrrlrgtﬁ);]_s_ Diazinon Parathion Phenthoate EPN
(ue/g) (ug/g) (u/g) (ue/g) (ug/g)
Banbyun-chun nd? n.d. nd. nd. nd.
Daekok-chun n.d. nd nd n.d. n.d.
Songya-chun nd. nd. n.d. n.d. n.d.
Kilan-chun nd nd n.d. nd. n.d.
Mi-chun nd n.d n.d. nd nd.
Norym-chun nd. n.d. n.d. n.d. n.d.
Kooke-chun n.d. n.d. nd. nd n.d.
Poongsan-chun n.d. n.d. n.d. nd. nd.
Hyunha-chun n.d. n.d. n.d. nd. nd.
Waya-chun n.d. n.d. n.d. nd. n.d
’nd. : not detectable
Table 4. Concentrations of organophosphorous pesticides in soil from 10 streams
Organophosphorous pesticide
Stream Demmegttﬁ);—s— Diazinon Parathion Phenthoate EPN
) (ue/g) (ue/g) (1e/g) (ug/g)
Banbyun-chun n.d? nd 0.005 nd. n.d.
Daekok-chun nd. n.d. n.d. n.d. n.d.
Songya-chun n.d. n.d. n.d. n.d. n.d.
Kilan-chun 0.014 0.007 0.022 0.052 n.d.
Mi-chun 0.009 0.005 0.012 0.035 nd.
Norym-chun 0.038 0.022 0.051 0.159 n.d.
Kooke-chun nd n.d. nd n.d n.d.
Poongsan-chun n.d. n.d. n.d. n.d. n.d.
Hyunha-chun nd nd n.d. nd. n.d
Waya-chun nd. n.d. 0.013 n.d. n.d.

n.d. : not detectable
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Table 5. Concentrations of organochlorine pesticides in water, soil, and sediment from 10 streams
Organochlorine Banbyun-| Daekok- | Songya- | Kilan-| Mi- | Norym- | Kooke-|Poongsan- Hyunha-| Waya-
pesticide chun chun chun | chun | chun | chun | chun chun chun | chun
ALPHA-BHC nd nd. n.d. nd | nd nd nd. nd. nd. nd.
GAMMA-BHC nd. nd. n.d. nd | nd n.d. n.d. nd. n.d. n.d.
BETA-BHC nd. n.d. n.d. nd | nd n.d. nd. n.d. n.d. nd.
DELTA-BHC nd nd. nd. nd | nd nd nd nd nd. nd.
HEPTACHLOR nd. nd. n.d. nd. | nd nd. nd. nd. nd. nd.
ALDRIN n.d. n.d. nd nd | nd n.d. nd. nd nd. n.d.
METHOXYCHLOR nd. nd. nd nd | nd nd. nd. nd. nd nd.
a-ENDOSULFAN n.d. nd nd. nd | nd nd n.d. nd n.d. nd.
44'-DDE nd. nd. n.d. n.d. nd. n.d. nd. n.d. nd. nd.
DIELDRIN nd. nd. nd. nd | nd n.d. nd. nd. nd. nd.
ENDRIN nd. n.d. n.d. nd. nd nd. n.d. n.d. nd. n.d.
44’-DDD n.d. n.d. n.d nd | nd nd. nd. n.d. n.d. nd
B-ENDOSULFAN nd nd. nd. nd | nd n.d. nd. nd. n.d. n.d.
44'-DDT n.d n.d. nd. n.d. n.d. n.d. n.d. n.d. nd. nd.
ENDRIN ALDEHYDE| nd nd. nd. nd nd. nd nd. nd nd n.d.
EI\IS%%SFELL,‘II:SN nd. nd. n.d. n.d. n.d. n.d. nd. n.d. n.d. nd.
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Table 6. Concentrations of dioxin-like PCB congeners in water, soil, and sediment from 10 streams

Dioxin-like PCB congeners|Banbyun- | Daekok~|Songya-| Kilan— | Mi- | Norym-| Kooke- | Poongsan- | Hyuntha- | Waya-
(IUPAC Number) chun chun chun | chun |chun| chun | chun chun chun | chun
3,3'4,4'-PCB (81) nd?® n.d. nd. nd. [nd | nd nd. n.d. nd. n.d.
34,4’ 5-PCB (77 nd. nd. nd. nd |nd| nd nd. nd. nd nd.
2,33 ,44'~-PCB (123) n.d. n.d. n.d. nd |nd| nd n.d. n.d. nd. nd.
2344’ 5-PCB (118) n.d. nd. n.d. nd. |[nd | nd nd. nd. nd. nd.
2,3'44' 5-PCB (114) nd. n.d. nd. nd [nd| nd nd. nd. n.d. nd.
2',344' 5-PCB (105) nd. n.d. nd. nd |nd| nd nd. n.d. nd. nd.
33'44' 5-PCB (126) nd. nd. nd. nd |nd| nd nd. nd. nd. nd.
23,3',44' 5-PCB (167) n.d. nd. n.d. nd {nd| nd nd. nd. nd. n.d.
2,3,3',4,4' 5-PCB (156) nd. n.d. n.d. nd |{nd| nd nd. n.d. n.d. n.d.
2,3'44'55'-PCB (157) n.d. n.d. n.d. nd |nd| nd n.d. n.d. nd. nd.
33'44'55'~-PCB (169) n.d. n.d. n.d. nd |nd| nd nd. n.d. n.d. nd.
2,33'44' 55 -PCB (189} nd. n.d. nd. nd |nd | nd n.d. nd. nd. nd.

’n.d. . not detectable
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Fig. 2. Effect of field water samples on cellular im-
mune response of Spodoptera exigua, where,
hemocyte nodulation was assessed in response
to bacterial injection with Escherichia coli.
The error bars indicate standard deviations of
three measurements. The asterisk above the
error bar indicate significant difference of the
mean at Type I error=0.05 (LSD test). 'Cont’
represents deionized distilled water. (A @ Daekok-
chun, B : Hyunha-chun, C : Kilan-chun, D : Mi~
chun, E @ Norym-chun, F : Poongsan-chun, G :
Songya-chun, H : Banbyun-chun, I : Waya-
chun, J : Kooke-chun).
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Fig. 3. Effect of field sediment samples on cellular
immune response of Spodoptera exigua, where,
hemocyte nodulation was assessed in response
to bacterial injection with Escherichia coli. The
error bars indicate standard deviations of three
measurements. The asterisk above the error
bar indicate significant difference of the mean
at Type 1 error 0.05 (LSD test). 'Cont’
represents deionized distilled water.

FARE EYZ FHF A 79

o
oo 2 AT DuE e
S ole g addA oAsHol

4z

rlo

591

=t
o

o] 3 4

20

07

Number of nodules/larva

cC D E F

Soil samples

The effect of field soil samples on cellular
immune response of Spodoptera exigua, where,
hemocyte nodulahon was assessed in response
to bacterial injection with Escherichia coli.
The error bars indicate standard deviations of
three measurements. The asterisk above the
error bar indicate significant difference of the
mean at Type 1 error 0.05 (LSD test).
'Cont’ represents deionized distilled water.
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Fig. 7. The effect of field soil samples on phenoloxidase
(PO) activation in the hemolymph of Spodoptera
exigua larvae. The error bars indicate standard
deviations of three measurements. The asterisk
above the error bar indicate significant dif-

Fig. 5. Effect of field water samples on phenoloxidase
(PO) activation in the hemolymph of Spodoptera
exigua larvae. The error bars indicate standard
deviations of three measurements. The asterisk
above the error bar indicate significant dif-
ference of the mean at Type I error = 0.05

(LSD test). "Cont’ represents deionized distilled ference of t/he mean at Type .I error = 005
water. (A : Daekok-chun, B : Hyunha-chun, C : (LSD test). "Cont’ represents deionized distilled
Kilan-chun, D : Mi-chun , E : Norym-chun, F : water.
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. 8 Effect of "Waya' water sample on PLAz activity in
the hemolymph of Spodoptera exigua larvae.
PLA> activity was measured indirectly by
monitoring phenoloxidase (PO) activity in the
presence or absence of arachidonic acid (AA).
The error bars indicate standard deviations of
three measurements. Different letters above the
error indicate significant difference between at

Type I error = 0.05 (LSD tests).
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Fig. 9. Effect of '"Waya' sediment sample on PLA.
activity in the hemolymph of Spodoptera
exigua larvae. PLA» activity was measured
indirectly by monitoring phenoloxidase (PQ)
activity in the presence or absence of
arachidonic acid (AA). The error bars indicate
standard deviations of three measurements.
Different letters above the error indicate
significant difference between at Type 1 error
= 005 (LSD tests).
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10. Effect of field water samples on hemocyte
apoptosis in the hemolymph of Spodoptera
exigua larvae. The error bars indicate standard
deviations of three measurements. The asterisk
above the error bar indicate significant dif-
ference of the mean at Type 1 error = 0.05
(LSD test). "Cont’ represents deionized distilled
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chun, F : Poongsan-chun, G : Songya-chun,
H : Banbyun—chun, 1 : Waya-chun, ] : Kooke-
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Fig. 11. Effect of field sediment samples on hemocyte
apoptosis in the hemolymph of Spodoptera
exigua larvae. The error bars indicate standard
deviations of three measurements. The asterisk
above the error bar indicate significant dif-
ference of the mean at Type I error = 0.0
(LSD test). 'Cont’ represents deionized di-
stilled water.
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Fig. 12. Effect of field soil samples on hemocyte
apoptosis in the hemolymph of Spodoptera
exigua larvae. The error bars indicate stan-
dard deviations of three measurements. The
asterisk above the error bar indicate sig-
nificant difference of the mean at Type I
error = 0.05 (LSD test). 'Cont’ represents
deionized distilled water.
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