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Bioassay of Stream and Watercourse in Busan using

the Water Flea(Daphnia magna)

Na-Na Yoon', Mi-Hee Kim, Sung-Won Kang, Ki-Won Kwon, Jae-Hun Bin and Ho-Kug Park

Environmental Research Division

Abstract

In order to evaluate bioassay on four streams and one watercourse in Busan, this study performed a toxic test by

using Daphnia magna, analyzed factors affecting toxicity through correlation analysis between the toxic value of

Daphnia magna and physicochemical parameters, and figured out the comprehensive condition of streams.

It was identified that toxicity was not observed at all in Daecheon Stream and therefore the stream is healthy

without risk. Oncheon Stream did not show toxicity during a nomal times. However, during an first flush rainfall, it

showed the average toxic value of 6.28 TU. This is because that contaminated matter in overtopping dirty water from

streams generated toxicity through interaction. In case of Dong Stream, Daphnia magna toxicity is 0.47 TU due to high

Cu and salinity. As the result of correlation analysis, salinity (r=0.917) and the toxic value showed a high correlation.

In case of stream inflowed from Ilgwang mine, Daphnia magna toxicity is 22.25 TU due to low pH and high Cu.

As the result of correlation analysis, Cu (r=0.982) and the toxic value showed a high correlation. In case of Gamjeon

Watercourse, it showed the highest pollution load such as organic matter and heavy metals and the highest toxic

value of 32.90 TU. In Gamjeon Watercourse, the high density of Cu, Zn, and Cr were detected enough to generate

toxicity. As the result of correlation analysis, the highest correlation between Zn (r=0.927) and the toxic value was

identified.

There is limitation in the current evaluation of water quality. Therefore, it is thought that a comprehensive method

including bioassay is desirable to evaluate water quality.
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Fig. 1. Sampling sites in Busan metropolitan streams
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Table 1. The physicochemical parameters and their analytical method
Parameter Unit Method
pH - YSI 556
Salinity % YSI 556
DO mg/L YSI 556
BOD mg/L Winkler-azide
COD mg/L Mn oxidation method
Ss mg/L Filtered and Dried at 103~105C
T-N mg/L Photometric method(BRAN+LUEBBE)
T-P mg/L Photometric method(BRAN+LUEBBE)
NH;-N mg/L Absorptiometric Analysis
cd mg/L ICP-MS(Agilent 7500)
Pb mg/L ICP-MS(Agilent 7500)
Hg mg/L ICP-MS(Agilent 7500)
Cu mg/L ICP-MS(Agilent 7500)
Zn mg/L ICP-MS(Agilent 7500)
As mg/L ICP-MS(Agilent 7500)
Cr mg/L ICP-MS(Agilent 7500)
EFA EE/AJ A ¥ (Standard Reference Toxicity Test) MEZ Mzl 0|31SIMEIE HA{Z 70| ATty BA
SRR AREE AldEsEe el g vz US—EPA°|A AA&H= probit methodE  ©]§-3}

T7F AsHA A E ook sh, & SAE AN A3l
2 AFEAE wetep gtk ol FRlsh] $lsted
KoCroOr 5 ARSAHAEAE ARt BFEAXRSAADS
FHEAE 1SO0ME &R FE7 2 mg/Lold, Ul
79 #§9 Aol 10%clsteln EFEAESAEZHI
KoCra078] 24A17F ECsoake] 0.9~2.0 mg/Le] H$ ol
NowW AlFlo] AstA o] Fol RS ATk SF3ivk
D KoCro02 o]g38 REARSAANY A}, 2443
ECso%tel 0.91~1.14 mg/L= IS0 A3 9] el
= Zog gelEglon 7 Ay Table 201 YeERS
t},

X

Table 2. Acute responses (ECsp) of test organisms to
a standard toxicant, K;Cr.O;, demonstrating
the inherent variability of the toxicity test

K2Cr207 ECso (mg/L)

Mean SD  CV(%)

1 2 3

24h 1.14 0.96 091 1.003 0121 121

ECsots 78313, o5 ofelle} &2 e ofste] A
$ (Toxic Unit, TU) & A2-al3itt.

TU = 100/ECs0 %

@ 100% AlzellA =5 0~10%] FaFe] 3l
79 TU=0, EW% 10~49%¢°l =3
0.02x94% we HAER TUS ALt} (299
NE7NE A4 498

olgletA g A EWE S A 24
2 SPSS for Windows (ver. 13.0) X2 13S ALE-35}o]

pearson J¥HE-A1S AT

3ol

Zu 3 H

CHEEo| EHE S Zat

HHe] $443%= BOD 0.2~1.8 mg/lL, COD
1.6~3.4 mg/L, T-N 1.519~2.857 mg/L 522 AFA
7l wpel 7o)l Hof oF 100mm F% x|z} wont
Aol Aol A WEe AL Utk © SSE
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Fig. 2. Water quality of Daecheon Stream

Table 3. Water quality of Daecheon Stream

First sampling Second sampling Third sampling  Forth sampling  Fifth sampling

Sixth sampling

pH
DO
Salinity
BOD
COD
Ss
T-N
T-P
NH;-N
Cd
Pb
Hg
Cu
/n

Cr

79
18.6
0.11

0.4

0.8

1.4

1519
0.104
0.083

ND
ND
ND

0.009

ND
ND
ND

7.9
10.4
0.06
0.5
3.4
3.7
1.862
0.063
0.070
ND
ND
ND
ND
ND
ND
ND

7.7
7.9
0.05
0.7
1.6
0.2
2327
0.074
ND
ND
ND
ND
ND
0.005
ND
ND

7.5
8.4
0.05
0.2
1.8
13.9
2.260
0.065
0.068
ND
ND
ND
ND
ND
ND
ND

8.8
9.2
0.08
13
20
0.9
2.857
0.084
0.258
ND
ND
ND
0.003
ND
ND
ND

7.3
11.0
0.08

1.8

3.2

4.6

2129
0.092
0.212

ND
ND
ND

0.001

ND
ND
ND

Table 4. Acute Daphnia magna toxicity test of Daecheon Stream

First sampling Second sampling Third sampling Forth sampling  Fifth sampling

Sixth sampling

o 24h >100 >100 >100 >100 >100 >100
VY 48h 5100 5100 100 5100 5100 100
24h 0 0 0 0 0 0
TU
48h 0 0 0 0 0 0
hHHe EWHE FAEANES F3st 27 Table 4 mg/l) FEE EWE =XS vxe % o]gt®E e
9} o] 6ateEl BT HAo] AEHA QdTh EWE 54 FE&o7 Qg B4 we glee o 5 stk
AlE d SS= oPetE R geks mAR| ook, dntkeky
ol AF AARCE FLrt 53] ol B S 545 1 2FFO| EHE =4Znt
Auret 2 UehdA] okgta, 93] EWE Al F AL AAY B R F-o] Al A
3] Aggo g xRy o et AUy A4S 1 Qe o R o s AS 27 AA A A, A
Hol= oz #EHLE Cu, Zng A3t T35 i AH 5 AHAA dFEHE 5= Q| 29xr 443
B EAZo|glon HEW Cu(0.009 mg/L), Zn(0.005 A Z7te= AAolth. webr] HAASE 2717494 B
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Fig. 3. Water quality of Oncheon Stream

Table 5. Water quality of Oncheon Stream

First sampling Second sampling Third sampling

Forth sampling  Fifth :sampling  Sixth :sampling

First sampling Second sampling Third sampling

Forth sampling  Fifth sampling  Sixth sampling

pH 8.1 75 78 79 75 74
DO 10.2 55 7.2 75 33 6.0
Salinity 0.19 0.11 0.07 0.09 0.39 0.08
BOD 33 22 _ 3.1 83.0 393
COD 5.2 42 48 34 32,0 17.0
sS 43 31 186 7.6 815 233
T-N 2.149 2,424 2,402 2488 20.250 16.512
T-P 0.147 0.120 0.108 0.085 1335 0.969
NH;-N 0.341 0355 0.253 0.380 15.900 13.700
cd ND ND ND ND ND ND
Pb ND ND ND ND ND ND
Hg ND ND ND ND ND ND
Cu 0.010 0.009 ND ND 0.012 0.012
Zn ND ND ND ND ND 0.017
As ND ND ND ND ND ND
Cr ND ND ND ND ND ND

Table 6. Acute Daphnia magna toxicity test of Oncheon Stream

First sampling Second ampling Third sampling Forth sampling Fifth sampling Sixth sampling

ECso 24h > 100 > 100

(%) 48h > 100 > 100
24h

U 0 0

48h 0 0

> 100 > 100 26.29 48.67
> 100 > 100 13.25 19.95
0 0 3.80 2.06
0 0 7.55 5.01
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Fig. 4. The concentration-response curve of Daphnia magna toxicity test on Oncheon Stream

o] EWE FA542 Table 63 o] 27| 7§
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T & wkekal, D02 A5 H4
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Fig. 5. Water quality of Dong Stream.
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Table 7. Water quality of Dong Stream
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First sampling

Second sampling Third sampling

Forth sampling  Fifth sampling  Sixth sampling

pH 7.2 7.2 7.3 7.6 7.6 74
DO 29 39 4.8 3.6 4.2 5.8
Salinity 8.72 1.09 2.89 13.90 434 1.81
BOD 13.4 34 37 4.0 30.2 47
COD 13.6 42 46 44 20.4 6.6
SsS 7.6 6.2 3.7 41 36.5 47
T-N 7.557 7.446 3.867 2.965 15.858 5.847
T-P 0.435 0.179 0.182 0.138 0.621 0.498
NH;-N 5.380 4,708 1.930 2.100 14,340 4755
cd ND ND ND ND ND ND
Pb ND ND ND ND ND ND
Hg ND ND ND ND ND ND
Cu 0.126 0.023 0.031 0.064 0.015 0.036
7n 0.005 0.007 ND ND 0.008 0.014
As ND ND ND ND ND ND
Cr ND ND ND ND ND ND

Table 8. Acute Daphnia magna toxicity test of Dong Stream

First sampling Second ampling Third sampling Forth sampling Fifth sampling

Sixth sampling

ECso 24h 70.70 > 100 > 100 70.70 > 100 > 100
(%) 48h 70.70 > 100 > 100 70.70 > 100 > 100
U 24h 1.41 0 0 1.41 0 0

48h 1.41 0 0 1.41 0 0

First sampling Forth sampling
g 20% g 20%
£ E
’ ’ Con‘caentra(:)sn(%) SO e ’ ' Con::Zmranzsn(%) h w

Fig. 6. The concentration-response curve of Daphnia magna toxicity test on Dong Stream
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Fig. 7. Water quality of stream inflowed from Ilgwang mine.

Table 9. Water quality of stream inflowed from Ilgwang mine

First sampling

Second sampling Third sampling Forth sampling

Fifth sampling

Sixth sampling

pHl 4z 42 38 48 35 40

DO 9.2 9.2 8.0 10.0 8.5 11.2

Salinity 0.61 0.19 0.21 0.15 0.23 0.22

BOD 0.5 0.8 0.3 0.5 16 13

COD 2.8 2.0 0.2 1.6 4.6 2.0

SS 48 22 21 3.4 11.4 5.4

T-N 2.268 2.486 2.647 1.600 2815 3.197

T-pP 0.170 0.014 0.034 0.021 0.105 0.046

NH;-N 0.410 0.157 0.162 0.310 0.114 0.059

Cd 0.021 0.009 0.013 ND 0.022 0.015

Pb ND ND ND ND ND ND

Hg ND ND ND ND ND ND

Cu 2,562 1.502 1.445 1.853 2.335 0.737

n 4.825 3.787 2.540 1.902 2.405 0.721

As 0.004 ND ND ND ND ND

Cr 0.005 ND ND ND ND ND
DA vl F]lekde A 6k BE & 5 TuHOE s 540 vrhd Zor dAdEgd=H v
dol yehem, 53] 1x+ A7l 32.79 TUR H57do] o W2W UWA O R Daphnia magnae pH 5014 24A]
EbstH(Table 10). 93334 w5 % el 10%7+ éoﬂ% pH 4.2¢4= 60% ol7de] Abd

H 5o

| AES}7] o

Jol JFL vlxE

pH| <

d&E
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Alet A3} Fig. 83 o] HAo] tha TAas]e 35le 5740 et Ao® wekdn) Fig. 9+ <334t w4
v ods] =2 S5AEE YERISIth o= pH el B /U8 EHWE S5 IA 42 sE-REFA
5 gAEAES fEsld st v59 Cu(0.737~ (concentration—response curve) 2] ZA o]t}

Table 10. Acute Daphnia magna toxicity test of stream inflowed from Ilgwang mine
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First sampling Second ampling Third sampling Forth sampling Fifth sampling Sixth sampling

ECso 24h 5.90 7.92 10.08 9.86 8.50 18.80
(%) 48h 3.05 5.20 5.88 451 3.17 9.28
U 24h 16.95 12.62 9.92 10.14 11.76 5.32
48h 32.79 19.23 17.00 22,17 31.55 10.78
40
I 48h TU before pH adjustment
[ 48h TU after pH adjustment
30 o
-]
'_
= 20 4
<o)
<
) I H I H
0 T T T T

First sampling Second sampling Third sampling Forth sampling

Fifth sampling

Sixth sampling

Fig. 8. Toxicity change of stream inflowed from Ilgwang mine after pH adjustment.
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Fig. 9. The concentration-response curve of Daphnia magna toxicity test

on stream inflowed from Ilgwang mine,
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Table 11, Water quality of Gamjeon Watercourse
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First sampling

Second sampling  Third sampling

Forth sampling  Fifth sampling Sixth sampling

pH 38 48 44
DO 6.2 3.5 438
Salinity 4.03 0.81 1.06
BOD 14195 117.5 54.3
COD 780.0 128.4 113.9
SS 166.7 34.0 17.8
T-N 320.500 35.630 14.230
T-P 2.400 0.105 0.080
NH3-N 58.100 27.000 12,300
Cd 0.040 ND ND
Pb 0.050 ND ND
Hg ND ND ND
Cu 4987 0.181 3.758
7n 45.420 10.424 6.392
As ND ND ND
Cr 14.821 0.762 0.331

6.8 72 39
0.9 0.6 15
0.34 031 5.30
13.3 278 2899
36.0 34.0 780.0
275 39.0 40.0
13.300 16.180 485.600
0.163 1.030 3.100
6.000 12.925 212,130
ND 0.003 ND
ND 0.10 0.16
ND ND ND
0.143 0.265 2.202
1.939 4210 49.800
0.029 0.008 0.009
0.100 ND ND

Table 12, Acute Daphnia magna toxicity test of Gamjeon Watercourse

First sampling

Second sampling Third sampling Forth sampling

Fifth sampling Sixth sampling

ECy) 24h 3.3 11.15 597 19.74 52,34 3.51
(%) 48h 1.83 7.24 3.13 14.35 26.03 1.16
24h 29.50 8.97 16.75 5.07 191 28.49
v 48h 54.64 13.81 31.95 0.97 3.84 80.21
ARMgEo] Y FoH FH| Ff UiE =HER
100 Al 58] T-N(r=0.816), NH;r=0.843)9 o+
o] BT a O.05eTSHAA 4K TU @ & R AHIS
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Fig. 11. Toxicity change of Gamjeon Watercourse G o/AlE Rtk #asmel A9 f7ladst $552
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Fig. 12. The concentration-response

curve of Daphnia magna toxicity test on Gamjeon Watercourse,

Table 13, Statistical correlation analysis between 48h TU and physicochemical properties

pH Salinity BOD COD T-N T-p NH;-N
Oncheon Stream r -0.677 0.084 0.619 0.618 0.816* 0.772 0.843*
Dong Stream r 0.070 0.917* -0.087 0.004 -0.336 -0.213 -0.306
Illgwang mine r -0.121 0.613 0.076 0.712 -0.334 0.793 0.590
Gamjeon Watercourse r -0.799 0.974* 0.485 0.920** 0.949** 0.858 0.900*
Total r -0.755"™ 0.076 0.545 0.834** 0847+ 0.681 0.801**
Cd Pb Cu Zn As Cr
Oncheon Stream r -0.281 (a) 0.578 0.963 0.386 0.122
Dong Stream r (a) (a) 0.839 -0.142 (a) (@)
Illgwang mine r 0.471 (a) 0.982* 0.637 0.623 0.614
Gamjeon Watercourse r 0.301 0.626 0.616 0.927* -0.278 0.317
Total r 0.483 0.669 0.791% 0.880** 0.029 0.412

* & Correlation is significant at the 0.05 level (2-tailed)

# . Correlation is significant at the 0.01 level (2-tailed)

(a) © Cannot be computed because at least one of the variables is constant
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