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Characteristics of Ecotoxicity in Industrial Effluent using Daphnia magna
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Abstract

The water quality and ecotoxicity were assessed at 30 emission facilities across eight industrial fields in Busan. The Toxic Unit(TU)
was highest in the semiconductor and other electronic component manufacturer(16.1), and was followed by plating(2.8), assembling
metal manufacturing facilities(1.2) and hospital(0.8). It was shown that Cu and Zn was the main source materials for the ecotoxicity in
the assembling metal manufacturing and plating facility. It was 2.0 for influents and 0.0 for effluents at the public sewage treatment
facility located at industrial area, and 1.4 and 0.4, respectively at the one located at urban center. The reason for the 0.4 of TU for
the effluents from the sewage treatment facility at urban center seemed to be the chlorine disinfection before discharge, and it is
recommended to replace the chlorine disinfection of ultraviolet disinfection for the final effluents in order to reduce the ecotoxicity. The
TU was 25 at a hospital from three ones. This may be from the chlorine disinfectant used for sterilization of final effluents. The
statistical correlation analysis between the TU and physicochemical items showed that only Cu(r=0.375) had marginal correlation

(p<0.05), while there was no correlation for the remaining items.
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Table 1, Industry type and number of discharge facilities
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Assembling Metal Manufacturing Industry
1st Steel Manufacturing Industry
Plating Industry
Hospital
Alcohol Manufacturing Industry

Food Manufacturing Industry

Semiconductor and Other Electronic Component
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Table 2, ECs values and 95 % confidence limits for heavy metal using Daphnia magna

48hr ECso 48hr ECso 48h ECso 24h ECso
Heavy (mg/L) (mg/L) (pg/L) (mg/L)
metal Mount, D. 1'® Khangarot, B. S.!” Lucia Guilhermino®® Jae—Won Jeong?"
(1984) (1987) (1997) (2000)
ca 0.118 1.88 9.48 0.054
(0.089-0.155) (1.09-3.29) (9.27-9.69) (0.048-0.060)
- 4.400 3.61 ~ 0.74
(3.600—5.300) (2.83—4.4) (0.46—1.20)
- ~ 0.0052 15 ~
& (0.0042-0.0072) (1.47—1.48)
0.093 21.0 0.030
Cu 0.146 (0.081-0.112) (20.93-21.09) (0.026-0.036)
916
Zn 0.56 (909-923)
A 3.800 - - 3.4
(3.300—4.300) (2.8—4.1)
0.050 0.12
cr (0.039-0.065) 1.79(1.24-2.49) (0.08-0.19)

Fig, 1. Structure of Daphnia magna,
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Fig, 2, The concentration—response curve of Daphnia magna toxicity on standard reference toxicity substance,
Table 3, Wastewater quality of lst steel manufacturing facilities
(unit : mg/L)
Saf\?gle COD SS TN TP CN Cr6+ Cr Mn Fe Cu Zn As Hg Cd Pb TU
Al 6.5 3.5 2.140 0.432 ND ND ND 0.042 0.32 0.102 0.056 ND ND ND ND 0.7
A2 4.8 3.1 1.723 0.356 ND ND ND 0.021 0.13 0.056 0.045 ND ND ND ND 0.0
A3 4.1 2.2 1523 0.312 ND ND ND 0.056 0.23 0.032 0.032 ND ND ND ND 0.0
Mean 5.1 2.9 1.795 0.367 ND ND ND 0.040 0.23 0.063 0.044 ND ND ND ND 0.2
%o)to|H FZAFEAEZQ] K2Cr2072] 24417k ECsZko] 9] ZZ4 FHEL Taple 37 ZH0] Mn, Fe, Cu, Zno] 2F
0.9~2.0 mg/L9| W] Yol o Ago] AgsiA o]Fo] EOE SRS AEEA it 2=l #@3

e ek sk,

E oA K2Cr207S 0|83t RREAANE 41}, 244
7F ECuztol 124 me/Le 150014 A5 W o] ol A
o8 IRIFGY Fig 2+ FTARSGAIEA AREHE
K2Cr207 0.5, 1, 2, 3, 4 mg/Lo| tish ZHE 24h S-dA
HE )2 L 5
curve)©|t}.

W82 A (concentration — response

Znt o nE

2 AFolM= 87l dFol thste] olgkehE] s 74 W
=S (Daphnia magna)e 183 FHl5AdE A5

HAEL 37H9] wiEss Al
BEE o= %ﬁﬁ}oﬂt} COD 4.1~6.5 mg/L, SS
1.523~2.140 mg/L ©|H, 12} F7AE

12} AR 0] B s SAAES =38gh Ay} Table
31} o] Al vjE&4s A|EofA] TU(Toxic unit) 0.7%2 E=A]0|
RS B UmA] 2709] AR = FAdo] L}EMN
gorom et 0.2 TUR EAESITE AIARS] ¢ COD
mg/L, SS 3.5 mg/L TN 2,140 mg/L. 5o =2 T,—7]g7\‘
4 TEE oy 540 yeRd 212 CuZt 0.102 mg/LE
E3lo] whEm CuQ] 48h ECx Zo| 0.021~0,146 mg/L1%%2)
2 S B4S 4o rhsAdol dokal wohEch wEkA
Al HjE5= AR A9 curt BHE AeEiEAe Helolzt
wokEch B3 12 F7RARIAA ] AEEAd Y] F3E =
aglog FE|e} ofd =i FAOA WA 4, 33
oA AR 484 edul AT Al FARER TAY
He 94 50] TZﬂﬂ 2 %E} ESE 12} HAGAA

A=Z2 Chloride2 F

ATy
[e)

o

H]-}\g_T’_ al oz Ua] §]_6-L
2 AgE sk ﬁliﬂi, Olﬂif& WHorE SE5S AlAst
7lols v wlEdt Aos ddEnh ol Hekslr] fiske



136 AT

w o 334 A

;(_]71- kg /\ 01 0

oM

HIFENMEHEAIA

HHSAIBARALEL 137 viEs AEES diges 2
234t COD 3.8~29.3 mg/L H# 13.4 mg/L, SS
2.3~12.2 mg/L ¥ 6.2 mg/L, TN 0,063~46.320 mg/L
Bt 9.867 mg/Lolm AYFEABAZALL] Fa4 =
2 Table 49} Zo] YePQt. Table 404 Hi= e} 7o)
HEEAe] 0 Yol Y Cuol A Hd BHE~A
0.324 mg/Lo|H Zn& 0.015~9.640 mg/LE el E
3 C10 HlES A|Ro] A Zno] 9.640 mg/LE A3 3

ogEe] WEHE/IE 5 me/LE ETSIcE 2YFEA

o

- HEHl - oA
FAEAEAEY] E8E SHAIES % Ak Table 404
oF o] 1B W& AR F 97 uiEsg AlECA B0
UEpten 671 Aol TU 10)4elm, C10 Alee] 7%
TU 6,28 E40] &7 L}E}‘«Pu} €3, C4, C5, C6, C139]

$ TUZLo] 1.2~1.80]0 oA EuE JASES fU6
7l°ﬂ SES Cu? Frolt), olE &l 49 Curt &4
5 FAEAEYelE ddEch Cl0 WRR A TU 6.28
ZHTEAZTARAILY HiES AR F AHSEPITU)O|
7P o Cuk = & £ & = SRR 5 A9.640
mg/LE EHE JA5H A9 Zno] 48h ECs gfol
0.56~0.92 mg/LYP & ZH3 B4 2oz 7RsAo] 9l
b3 SbEcy 183 Fig, 32 C10, C13 Hj&S: AR &
HE FAEAAEA de sE=-55=iAl(concentration

— response curve)©|t},

Table 4, Wastewater quality of assembling metal manufacturing facilities

(unit : mg/L)
Sa&“{?le COD SS TN TP Cr Mn Fe Cu Zn As Hg Cd Pb TU
C1 4.4 23 2.049 4.849 0.08 0.083 0.16 ND 0.046 ND ND ND ND 0.0
C2 3.8 3.1 0.063 0.288 ND 0.183 0.03 ND  0.063 ND ND ND ND 0.0
C3 8.8 3.3 16.420 0.238 ND 0.007 0.70 0.088 0.015 ND ND ND ND 1.2
C4 9.4 5.3 1.530 0.083 ND 0.010 0.47 0.063 0.060 ND ND ND ND 1.4
C5 105 7.2 16.068 0.012 ND 0.009 0.69 0.122 0.048 ND ND ND ND 1.4
C6 12.0 8.6 4.635 0.003 ND 0011 051 0.132 0.08 ND ND ND ND 1.6
C7 134 122 3434 0300 ND 0692 0.30 0.013 0542 ND ND ND 0.02 0.0
C8 150 9.4 7.620 0.048 ND 1.732 0.18 0.007 0.184 ND ND ND ND 0.4
C9 245 89 6.834 0584 ND 0.391 0.31 ND 0418 ND ND ND ND 0.0
Cl10 205 7.9 46.320 5.442 ND 0.035  0.09 ND  9.640 0.010 ND ND ND 6.2
Cl11 7.0 39 10970 0.250 ND ND 2.02 ND  0.0056 ND ND ND ND 0.7
Cl12 15.6 3.0 - - ND  ND 2.86 ND 0025 ND ND ND ND 0.7
C13 293 56 2463 0.016 ND ND 0.13 0324 0.052 ND ND ND ND 1.8
Mean 13.4 6.2 9.867 1.009 0.01 0.243 0.65 0.058 0.860 0.001 ND ND ND 1.2

c1o
100% /
80% /

60%
40%

// ——24h
20% / -

. .

3.0625 6.125 12.5 25 50
Congentration(%)

Immobilization rates (%)

0%

Immobilization rates(%)

C13

100%

80%
60%
40%
// —e—24n
20% A//
0% - ‘ s s

6.125 12.5 25 50 100
Concentration(%)

Fig, 3. The concentration—response curve

of Daphnia magna toxicity on C10, C13,



SHES o83 AlelS WiEae] AEAEY AT

At
off A=
e A
o7 AR A=A g2 ve2 A=A
A}ﬂw ZAFEABARAN
= x|, duul A=A A
ke o zEe o AT

AR = AAHs, g4

ol WA wE A WSS S S0z lslo] 54
S APsAe] B FR BH 9T 99 BYRE wjup

e, ofdl Hom Lpehta e,
A RS AeRE AXSe] fUSE W5 £Y

S wleAf 2| Aol THEEE A] she] Hlg A2

Aol A HfEE e oo g2 BlaL
S ekl Qleh & AqtlA =
oA AES BAsIQIch =FAMelE COD 6.4~24.0
mg/L Hi 14,6 mg/L, SS 4,2~13.1 mg/L H 8.5
mg/L, TN 0,682~24 840 mg/L H4t 12,919 mg/LZ YE}
wow TFAAY] FF4 FFEL Table 59 7o) Mn, Fe,
Cu, 7Zno] A&EFHNSH Cu? ZH9 DI WHg A=A
0.951 mg/L HAEHSoH A3 FHeP=do vi=s87]
%3 mg/LE 27E ZTehAE gkt

Al E8E SAAYES s Aa TU 7.8, 0,
0.7%2 W TU 2.8 UERton, DI Wi A7) 49 <
vl &+=291 COD 24,0 mg/L, SS 4.2 mg/L TN 13,234 mg/L

3
YRS

3o

0=
om,

s = T oln AJE EAGES TU 7.8 7l etk DI W)
5 =Y = 9o, iERE 52 AAE S 24 78 Table 5004 Hi= e} Zro] Cu} 0,951 mg/L= EH
TR Y=L AE 4 gleka TerEo?, ol FeiEde fdsilel S5 sEolth  Fig. 4= DI
AR EHE  FHEABAIN Qe HE-ueEA
=AM (concentration — response curve)©|tt, E=gAlAHLS] g of
EEAAS S5 ARSSt] 28 B s ARE g 7] 754 24 SolAE 83 AL AE, ofd, F,
5 el WA, & B8 Aol AT O E3E ANS U, R4, A9 Soln Ay AL S 50
A e g Al S D G4 S0 28D & Bhel] olo] oIF B el AT Fopt e
o Zo| ERE AT LS YIom AL =l =
Table 5, Wastewater quality of plating facilities
(unit : mg/L)
Saﬁgle COD SS TN TP  Cr Mn Fe Cu Zn As Hg Cd Pb TU
D1 24.0 4.2 13.234 ND ND 0.005 0.05 0.951 0.014 ND ND ND ND 7.8
D2 13.3 8.3 0.682 0.422 ND 0.205 0.17 ND ND ND ND ND ND 0.0
D3 6.4 13.1 24.840 0.043 ND 0.270 ND 0.032 0.019 ND ND ND ND 0.7
Mean 14.6 85 12.919 0.155 ND 0.160 0.07 0.492 0.011 ND ND ND ND 238
D1
100% o
) /
% 80%
% 60% /
o /
m 20% // ——4n |-
m ./‘,
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3.0625 6.125 12.5 25 50
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Fig., 4. The concentration—response curve of Daphnia magna toxicity on DI,
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Table 6, Wastewater quality of hospitals
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2 BAslyth QuiglEo® COD 117 mg/L, SS 2.5
mg/L, TN El5A4646 mg/L2 UERG oY, SF43E-2 Table
7o]Aet Zo] Mn, Fe, Cu’t v HEHIE ¥ U S5
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(unit : mg/L)
Sample cop Bop SS TN TP Cr Mn Fe Cu Zn As Hg Cd Pb 0@ Ty
F1  19.0 19.2 9.6 7.585 0.700 ND 0.005 0.20 0.097 0.021 ND ND ND ND <30 0.0
F2 247 347 3.9 3.870 0.070 ND 0.036 0.64 0.036 0.006 ND ND ND ND <30 0.0
F3 880 86.2 91.3 10.1751.925 ND ND 0.09 0.059 ND ND ND ND ND <30 2.5
Mean 43.9 46.7 34.9 7.210 0.898 ND 0.014 0.31 0.064 0.009 ND ND ND ND <30 0.8
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Fig, 5. The concentration—response curve of Daphnia magna toxicity on F3, El,

Table 7, Wastewater quality of semiconductor and other Electronic component manufacturing plating facility

(unit : mg/L)

Sample
No COD SS TN TP Cr

CN  Mn

Fe Cu Zn As Hg Cd Pb TU

El 11.7

2.5 12.646 0.020 ND 0.02 0.016 0.28 0.061

ND ND ND ND ND 16.1
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Table 8, Wastewater quality of food and alcohol manufacturing facilities

(unit : mg/L)

Sample cop Bop SS TN TP Cr Mn Fe Cu Zn As Hg Cd Pb TU
G1 6.0 2.2 9.3 10.424 0.039 ND ND 0.10 0.008 ND ND ND ND ND 0.0
G2 14.4 17.7 4.8 - - ND 0.008 0.14 ND 0.029 ND ND ND ND 0.0
J1 247 85 3.4 1.620 2.155 0.01 0.184 0.23 0.039 ND ND ND ND ND 0.0

Table 9, Wastewater quality of public sewage treatment plants

(unit : mg/L)
Total
Sample No COD BOD SS TN TP Cr Mn Fe Cu Zn As Hg Cd Pb .
coliform
raws 72.0 54.0 43.1 34.840 1.590 0.01 0.075 0.32 0.106 0.115 ND ND ND ND 20000 2.0
H
effluents 18.4 3.0 1.1 14.975 0.882 0.01 0.161 0.24 0.019 0.405 ND ND ND ND 110 0.0
raws  56.0 105.7 77.9 34.250 2.760 ND 0.201 0.27 0.014 0.003 ND ND ND ND 45000 1.4
I
effluents 10.5 0.9 3.0 19.688 1.736 ND 0.017 0.13 0.009 0.011 ND ND ND ND <30 0.4
Table 10, Mean Toxic Unit(TU) of industry type
Industry type Mean Toxic Unit(TU)
Assembling Metal Manufacturing Industry 1.2
1st Steel Manufacturing Industry 0.2
Plating Industry 2.8
Hospital 0.8
Alcohol Manufacturing Industry 0.0
Food Manufacturing Industry 0.0
Semiconductor and Other Electronic Component 16.1
Manufacturing Industry :
Public Sewage Treatment Plant 0.2
Table 11, Statistical correlation analysis between 24h TU and physicochemical items
COD SS T-N T-P Cr Mn Fe Cu Zn  As Hg Cd Pb
r 0.113 0.024 0.352 0.052 -0.101 —0.159 —0.086 0.375% 0.253 0.268 (a) (a) —0.091
TU
p 0.567 0.905 0.078 0.802 0.609 0.418 0.663 0.049 0.194 0.168 - - 0.647

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

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



Sae] HsEAd 87 A% 070 Al
bom ddd HEsa SUXY By

AU

=
Q
o
o+
o
5
IS
=
N
o
oE.
N
N
ol
ok
2
_:L
r;l
(i)
r]o
mlo

L‘

. ZREFEARAY, EFAAY Fa AEEg A &

&o8 FE(Cu)et oFd(Zn) R Yepgon
Weko| Havh o WA Al HEe] JezE
ato] fY=le Hee 2 53k B9 deA Al
of IS WA Flo] H AT AL wY ¢ o
F713E 52 AAE Sl g% o Aesde
Azrek 4= Qlckal wekEct

WA 2 7)ER MR BEA AL AeiEAdgk> TU
16,12 uj$- Eokon da =M dER wiEs|E7|=o]
Aozl gHEolele] o2 AEiEA Y9 BAR Qdte] A
5ol SHEAY B 77t L AEYEC]
e Bl M, Ao m53 5o AEEA
Ao Az}

SEoEA A TR e §RIgE AAES 5
22 TU 2.0, 984 TU 0,008, ZAo] 2|3t HalA]
Mo ©ols TU 1.4, WHE2s TU 0,42 LRt E49

ofN N
!
B
mﬁ ofd
N o rlo

ol

u

923t FFsReA YA WHRS TU 0.49] AL HE
&) HRAA Adaselet danmoRr UE

o, SR dtasg A daamAY) A
A At AR WAsAL daisA At

. HHEAA 3 viE F 17H9J HjEpollA] TU 2,52 AJE]|
o] Ueiten, o= L=
HaamA o] RGO %P%mj g A= o] A=
A—Io] OHPQOJE]_

C 87 ZAF 9 = wied) 9 v)E AxRE
EE/d3k(toxic unit, TU)O| 16,12 7}
A TU 2.8, ZHIFEARAE TU 1.2,

8O 2 BT
EHES o|8st AHiEA4RT olEAgETe] AR
Ag AXZE A3 Curt W2 ARIAE Ui, v
A FEETE EAE vehA] gsitt o)A 22
FEolete AMdHG viEA| Ao wEt fT1ESE FE )
E3e AA, FEE F YR SIS B B2 AY
(Cu, 7Zn 5 S Z7] tjekst g4 by EAS LeRYy|
‘IHTOH *"EH *é ko] A L7417P ‘JrEMX] U= Floz
HH o} Aluhy}
*l Hd#ﬂ 714 # ‘il% ‘%Hﬂ Yi £ 8

AoE 35

242 o] A
Boron], wg
BN TU

il
nﬁ

_!
p

10,

11.

12,

13.

14.

15,

141

id
Kl
MO
ol

A, AdEle HEAIAAAE $42003).

oGt 5, "o, Daphnia X ZF} Ames testE o8
@AY B4R U SR B4 W, aEednd
1317, Vol 7, pp.100~109(1991),

EPA, Methods for acute toxicity tests with fish,

macroinvertebrates  and EPA-600/
3—75—-009(1975).
EPA, Methods for measuring the acute toxicity of

(3th

amphibians,

effluent to freshwater and marine organisms
edition), EPA—600/4—85—-013(1985),

OECD, OECD guidelines for the testing of chemicals,
Method 202(1993).

OECD, Series
23(2000),
TR, eEA RS AElEA H7HE 9IRF Microtox—EH
QA oshd AAFSHRl=E

on testing and assessment, No,

% Tandem Bioassay,
(2002),

WAE 9, "R EHS, FEAEHEIECRE
o BATY, tferESsts =Y, pp.421~427(2000).
Wong, P, T, S.,
Water Quality, Envo,
pp.9~17 (1995),

Leal, H, E., et al, "Acute Toxicity of Hatdboard Mill

.
o183t %

Dixon, D, G,, Bioassessment of

Toxicity & Water Quality, 10,

Effluents to Different Bioindicators", Envo,
& Water Quality, 12(1). pp.42(1997).

Mark, U,, Solbe, J., Analysis of ECETOC AQUATIC
TOXICITY(EAT) V—-The
Daphnia magna as a representative test species,
Chemosphere, 36(1). pp.155~166(1998).

A7)A REARLS Bl Agd: AWyt stokdfstn
ek AAFER]=5(2004).

Anderson, B, G., "The toxicity thresholds of various

Toxicity

Database, relevance of

substances found in industrial wastes as determined
by the use od D magna’
16(6). pp.1156~1165(1944),

Anderson, B, G,

toxicity to Daphnia magna for chlorides of various

Sewage Works Journal,
"The apparent thresholds of
metals when added to

Amer, Fisheries Soc.,
Buikema, A, L, Jr.,

lake erie water"', Trans,

78. pp.96~113(1948).

Lee, D. R., Carirns, John, Jr,
"A Screening Bioassay Using Daphnia pulex for
into Freshwater',

JTEVA, 4(2).

Refinery Wastes Discharged
Journal of Testing and Evaluation,

pp.119~125(1976).



142

16.

17,

18,

19,

20.

AAgT

Biesinger, K. E., Christensen, G. M., "Effects of

Various Metals on Survival, Growth, Reproduction
Metabolism  of 29(12).
pp.1691~1700(1972).

Baudouin, M, F., Scoppa, P., 1974, "Acute toxicity

and Daphnia magna’,

of various metals to freshwater zooplankton', Bull,
Environ, Contam, & Toxicol , 12(6). pp.745~751(1974).
Mount, D, I., Norberg, T. J., "A seven—day life

cycle cladoceran toxicity test", Environmental
toxicology and chemistry, 3(3). pp.425~434(1984).
Khangarot, B, S., Ray, P. K., "Correlation between

heavy metal acute toxicity values in Daphnia magna

)

and Fish". Environ, Contam & Toxicol, 38,
pp.722~726 (1987),
Guilhermino, L,, Diamantino, T, C., Ribeiro, R,

Goncalves, F., Soares, A, M. V. M., "Suitability of
test media containing EDTA for the evaluation of
acute metal toxicity to Daphnia magna Straus',
Ecotox, Environ, Safe., 38, pp.292~295(1997).

SRt Aah

gl - EWET - o)Al

21, AAY <], "EHF gt FE& 4 € WS
e 783 ], 10(4). pp.293~298(2001),

22, AWA, " @A EHERE o8 woko AHE
AAEH A, st ofsh AAksRel=E)(2000).

23, 2R, @ S(Daphnia magna)& o83t ASAY &
3 9 RdEAdol et A, FAM Sk dishel AAfst
H==(1999).

24, /NSES 9 fn, IREHEYIERE, R, pp.690~692

25, AR, FEALATHAF7|E (2008),

26, AL, "EWEI gt Elols o] 83t At Hlae] A
E5/d%7tol gt A, gheFista i whAbelel=
)(2006),

27, AR FuiEAld S 2 2 A7 7]t
A41(2008).

28, A, A=A A7 71& AW AR (2009),

29, AFE, $£EAEHY FEAE =duerh A
(2003)

30. oY 5, "AHdEls Rl AeisA B, deEd





