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ABSTRACT : Samples of water, soil, and sediment were taken from 10 streams near Andong, Korea
in May 2004. To assess the degree of environmental pollution of each stream, chemical pollutants such
as total notrogen (T-N), total phosphorus (T-P), chemical oxygen demand (COD), heavy metals,
organophosphorus pesticides, organochlorine pesticides, and dioxin-like PCB congeners were analyzed
by standard process tests or U.S. EPA methods. In addition, biomarkers originated from insect immune
systems of beet armyworm, Spodoptera exigua, were used to analysis of the environmental samples.
Except Waya-chun stream showing T-N content of 9.12 mg/L, most streams were contaminated with
relatively low levels of overall pollutants in terms of T-N, T-P, and COD, compared to their acceptable
environmental levels designated by the Ministry of Environment. Contents of Pb and Cd in samples
of each stream were much lower than environmentally permissible levels. However, several times higher
concentrations of Pb and Cd were found in locations at Mi-chun, Kilan-chun, and Hyunha-chun streams,
in comparison with other streams. Diazinon, parathion, and phenthoate compounds among
organophosphorus pesticides were detected as concentrations of 0.19, 0.40, and 1.13 ug/g, respectively,
from soil sample collected in the vicinity of Mi-chun stream. On the other hand, 16 organochlorine
pesticides and 12 dioxin-like PCB congeners, known as endocrine disrupting chemicals, selected in this
study were not found above the limit of detection. Biomarker analyses using insect immune responses
indicated that Waya-chun stream was suspected as exposure to environmental pollutants. Limitation
and compensation of both environmental analysis techniques are discussed.

KEY WORDS : T-N, T-P, COD, Heavy metal, Organophosphorus pesticide, Organochlorine pesticide,
Dioxin-like PCB congener, Insect immune, Biomarker
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Fig. 1. Sampling sites near Andong, Korea: () Banbyun-
chun @ Norym-chun @ Mi-chun @ Poongsan-chun &
Songya-chun ®  Wayachun (&  Kookye-chun
Daekok-chun @ Hyunha-chun (0 Kilan-chun
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Fig. 2. GC chromatogram of organophosphorus pesticides. See
the details of running condition in Materials and Methods.
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Fig. 3. GC chromatogram of organochlorine pesticides. See the
details of running condition in Materials and Methods.
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Fig. 4. GC chromatogram of dioxin-like PCB congeners. See
the details of running condition in Marerials and Methods.
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Table 1. Concentration of total nitrogen (T-N), total phosphorous (T-P), and chemical oxygen demand (COD) in water of 10 streams

Sampling sites T-N (mg/L) T-P (mg/L) COD (mg/L)
Banbyun-chun 1.24 0.014 5.0
Daekok-chun 4.08 0.015 6.0
Songya-chun 3.53 0.166 7.0
Kilan-chun 3.43 0.035 6.0
Mi-chun 3.39 0.010 6.0
Norym-chun 3.77 0.020 . 4.0
Kookye-chun 3.95 0.005 11.0
Poongsan-chun 3.82 0.101 7.0
Hyunha-chun 4.83 0.024 5.0
Waya-chun 9.12 0.169 8.0
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Table 2. Concentrations of lead (Pb) and cadmium (Cd) of 10 streams in Andong district

Pb Cd
Sampling sites Water Soil Sediment Water Soil Sediment

(ug/L) (ug/8) (uglg) (ug/L) (uglg) (ugl/g)

Banbyun-chun 1.52 221 0.81 N.D.! 0.017 0.014
Daekok-chun N.D. 1.04 1.23 0.005 0.018 0.012
Songya-chun 127 1 0.22 0.50 N.D. 0.012 0.016
Kilan-chun 0.97 11.34 224 N.D. 0.152 0.032
Mi-chun 1.13 3.06 6.05 N.D. 0.066 0.130
Norym-chun 0.68 1.13 0.81 N.D. 0.027 0.025
Kookye-chun 0.06 0.75 175 0.101 0.010 0.014
Poongsan-chun 0.24 1.76 6.23 0.056 0.021 0.165
-Hyunha-chun 0.50 4.68 2.53 N.D. 0.051 0.055
Waya-chun N.D. 0.45 1.42 N.D. 0.004 0.030

' N.D. represents “under limit of detection, 0.001 pg/L".
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Table 3. Concentrations of organophosphorus pesticides in soil near 10 streams of Andong district

Sampling sites Dementon-S- Diazinon Parathion Phenthoate EPN
methyl (zg/g) (18/®) (u8/®) (18/g) (18/g)
Banbyun-chun N.D.' N.D. N.D. N.D. N.D.
Daekok-chun N.D. N.D. N.D. N.D. N.D.
Songya-chun N.D. N.D. N.D. N.D. N.D.
Kilan-chun N.D. N.D. N.D. N.D. N.D.
Mi-chun N.D. 0.19 0.40 1.13 N.D.
Norym-chun N.D. N.D. N.D. N.D. N.D.
Kookye-chun N.D. N.D. N.D. N.D. N.D.
Poongsan-chun N.D. N.D. N.D. N.D. N.D.
Hyunha-chun N.D. N.D. N.D. N.D. N.D.
Waya-chun N.D. N.D. N.D. N.D. N.D.

' ND. represents “under limit of detection, 5 ppb”.
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Table 4. Concentrations of organochlorine pesticides in water, soil, and sediment of 10 streams in Andong district

. . . . 1,2
Concentrations present in sampling sites”

Analytical residues

A B C D E F G H I J
ALPHA-BHC N.D. 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. N.D.
BETA-BHC N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
DELTA-BHC N.D. 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. N.D. N.D. N.D.
ALDRIN N.D. 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. N.D.
ENDOSULFAN 1 (ALPHA) N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
4,4’-DDE N.D. 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. N.D.
ENDRIN N.D. 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. N.D.
ENDOSULFAN 1II (BETA) N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
4,4’-DDT N.D. 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. N.D.
ENDOSULFAN SULFATE N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

' 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: Kookye-chun

2 N.D. represents “under limit of detection, 5 ppb”.
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Table 5. Concentrations of dioxin-like PCB congeners in water, soil, and sediment of 10 streams in Andong district

Dioxin-like PCB congeners

Concentrations present in sampling sites1,2

(IUPAC Number) A B C D E F G H I J
3,3°,4,4’-PCB (81) ND. ND. ND. ND. ND. N.D. ND. ND ND. ND.
3,4,4’,5-PCB (77) ND. ND. ND. ND. NbD. N.D. ND. ND N.D. ND.
2,3,3",4,4’-PCB (123) ND. ND. ND ND. ND. N.D. ND. ND N.D. ND.
2,3,4,4°,5-PCB (118) ND. ND. ND. ND. NbD. N.D. ND. NbD ND. ND.
2,3°,4,4’,5-PCB (114) ND. ND. ND. ND. NbD. N.D. ND. ND N.D. ND.
2°,3,4,4’ 5-PCB (105) ND. ND. ND. ND. NbD. N.D. ND. ND ND. N.D.
3,3,4,4’,5-PCB (126) ND. ND. ND. ND. ND. N.D. ND. ND ND. NbD.
2,3,3°,4,4°,5-PCB (167) ND. ND. ND. ND. NbD. N.D. ND. ND ND. ND.
2,3,3°,4,4,5-PCB (156) ND. ND. ND. ND. ND. N.D. ND. NbD N.D. ND.
2,3°,4,4°,5,5’-PCB (157) ND. ND. ND. ND. ND. N.D. N.D. NbD ND. ND.
3,3°,4,4°,5,5-PCB (169) ND. ND. ND. ND. ND. N.D. ND. ND ND. ND.
2,3,3'4,4',5,5-PCB (189) ND. ND. ND. ND. ND. N.D. ND. ND ND. ND.

1 A: Daekok-chun, B: Hyunha-chun, C: Kilan-chun, D: Mi-chun, E: Noym-chun, F: Poongsan-chun, G: Songya-chun, H: Banbyun-chun,

I: Waya-chun, J: Kookye-chun

2 N.D. represents “under limit of detection, 5 ppb”.
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Fig. 5. Hemocyte nodulation biomarker to detect exposure of
chemical pollutants in 10 Andong streams (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: Kookye-chun). Effect of field water, sediment, and soil
samples on cellular immune response of Spodoptera exigua, was
analyzed by counting hemocyte nodule 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.
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Fig. 6. Phenoloxidase biomarker to detect exposure of chemical
pollutants in 10 Andong streams (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:
Kookye-chun). Effect of field water, sediment, and soil samples
on phenoloxidase (PO) activation of the hemolymph of Spod-
optera exigua larvae was estimated. The error bars indicate sta-
ndard 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.
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Fig. 7. Phospholipase A2 (PLA2) biomarker to determine nature of
chemical pollutants present in Waya-chun near Andong. Effect of
Waya-chun water, sediment, and soil sample on PLA2 activity in
the hemolymph of Spodoptera exigua larvae was analyzed. PLA2
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. 8. Apoptosis biomarker to detect exposure of chemical
pollutants in 10 Andong streams (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:
Kookye-chun). Effect of field water, sediment, and soil samples
on hemocyte apoptosis in the hemolymph of Spodoptera exigua
larvae was analyzed. 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.
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