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Ecotoxicity Assessment of industrial Effluent in Incheon
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Division of Industrial Wastewater, Incheon Institute of Public Health and Environment

— ABSTRACT -

To evaluate ecotoxicity from industrial effluents in Incheon, physico-chemical analysis of
water pollutants and a set of biotests using Daphnia magna were performed with industrial
effluent groups including Land transport and automotive repair, Primary metals
manufacturing, Fabricated metal products machinery and equipment, Waste water
treatment and others. Ecotoxicity of public sewage treatments were also monitored for the
evaluation. The industrial effluent groups of Land transport and automotive repair (0.8
TU), Wastew ater treatment (1.5 TU) and Others (0.6 TU) are within enhanced ecotoxicity
criteria (Current standard: 2.0 ~ 4.0 TU; After 2016: 2.0 TU) while the rest groups did not
fit the standard that Fabricated metal products machinery and equipment is 2.6 TU, the
Primary metals manufacturing is 5.4 TU. The group of Fabricated metal products,
machinery and equipment manufacturing was mainly affected by Cu while the Primary
metals manufacturing group was affected by Cu, Cr and CI". Correlation analysis reveals
that COD, TN, TP, CN, Residual chlorine, Cl-, Conductivity, Salinity, Ammonia nitrogen and
Cu were significantly correlated with ecotoxicity (P < .01). Also factor analysis shows
Ammonia nitrogen, Residual chlorine, TN and Salinity were found to be the most
significant causes of ecotoxicity. Though regions including Gajwa, Sunggi, Gongchon,
Namhang and Songdo(2) have zero ecotoxicity in public sewage treatment effluent, Gumdan
region’s 2.5 TU ecotoxicity did not meet the standard (1.0 TU).

Key Words : Industrial effluent, Toxicity, Daphnia magna, Factor analysis,
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Table 1. Industry type and number of
discharge facilities

Number
Industry type of
facilities
Land transport and 44
automotive repair
Primary metals 33
manufacturing
Fabricated metal
products, machinery and 28
equipment manufacturing
Wastewater treatment 10
Others 15
sum 130

212 F3AYANA

AEE YAREE Swst, £4 @ g7t
A YR AAC)sIR 2™, Cr, Mn, Pb, Cd,
Zn, Fe, Hg Cu As 5¢ 3% 334
BODs, CODwn, SS, T-N, T-P, ABS, CI, CN,

H=, 5o 5L FHodTEAI YR

o] 3f A3 ZAE=E  portable
meter(HANNA), FREAE pocket

colorimeter(HACH)E o] &3} th.

2.3 SASAAE

A 54 Ade A4 AFETA B
Z(Daphnia magna)S ©] &3ty +do Y
A A498 ol whel A Fe Ao
24112 wlwte]l o Y-E1 S(neonate)S 244
L mEAX & EHEY 50%7F FDA el
(immobilization) & ¥ o7]= Alg&% % (EC50)
S ZAAsta w9 gkl s el S %
(TUE Al4FsFATHTU = 100/EC50).

2.4 BATH £4
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(Principle component)

Table 2. Characteristic of public sewage treatment plants in Incheon

Site Tﬁé‘g{lﬁlt Tcreeiatargietnt Sewage Collective Coagulant disinfection
(m°/day

Gajwa BNR 350,000 Combined system P.A.C Chlorine
Gongchon  KSMBR 65,000 Separated system Alum uv
Namhang  Bio-SAC 65,000 Combined system - uv

Sunggi MLE 275,000 Combined system P.AC Chlorine
Gumdan Biostyr 40,000 Separated system Ferric chloride uv
Songdo(2)  Biostyr 30,000 Separated system Ferric chloride uv




L i |

Fig. 1. Location of public sewage treatment plants in Incheon
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Fig. 2 Response curve of standard toxicity test using K,Cr.O;



Table 3. Eco-toxicity test of wastewater using Daphnia magna and water quality
characteristics by industry type

Land Primary Fabrﬁi;géiitgnetal Wastew
transport and | metals . ’ ater
Pollutants automotive | manufac machinery and treatme Others
repair -turing equipment nt
manufacturing
COD (mg/L) 18.9 35.1 60.1 45.9 23.9
BOD (mg/L) 14.5 12.7 56.2 46.5 9.3
SS (mg/L) 13.4 23.0 8.2 7.7 11.9
T-N (mg/L) 3.352 23.006 14.193 18.585 11.110
T-P (mg/L) 0.103 0.880 0.501 0.133 0.215
Hardness
305.8 214.5 315.9 235.5 381.3
(mg/L as CaCO3)
CN (mg/L) 0.000 0.068 0.013 0.047 0.001
Phenol (mg/L) 0.001 0.003 0.035 0.009 0.002
ABS (mg/L) 0.682 0.303 0.028 0.018 0.116
Residual chlorine
0.03 0.15 0.10 0.02 0.03
(mg/L)
Conductivity
595 4287 1942 583 3066
(uS/cm)
Salinity (%) 0.2 2.6 1.0 0.2 1.6
Ammonia nitrogen
0.827 7.718 8.246 6.690 6.643
(mg/L)
Cr (mg/L) 0.005 0.111 0.019 0.032 0.019
Mn (mg/L) 0.165 0.025 0.070 0.390 0.046
Fe (mg/L) 2.549 0.510 0.590 0.541 0.524
Cu (mg/L) 0.082 0.221 0.893 0.080 0.006
Zn (mg/L) 0.314 0.082 0.186 1.098 0.029
As (mg/L) 0.000 0.000 0.000 0.000 0.000
Hg (mg/L) 0.000 0.000 0.000 0.000 0.000
Cd (mg/L) 0.000 0.000 0.000 0.000 0.000
Cl- (mg/L) 124.5 534.9 263.2 77.1 460.9
Eco-toxicity (TU) 0.8 5.4 2.6 15 0.6




T 28T 718 AFelM =
0.6+£22(N=15)2 Aej=4do] Ut [§74

T R AsA FAAAL PTG FolA @
[e]

e S o] whehbA ekgkont, (A%
Az A= A=A 16 TU o)<l A
Gt 337 % & 7312 212 %°) VG =
1, Wzol 54 TUR =3t}

Toxcity, TU

i TTh

f2x  1A34 ZYISHE AN 7Iet
FOAEAE 21 2 Ew ME

RNk~ FZA L

Fig. 3.
industry type

Comparison of ecotoxicity by

322 fF4 ogstd 74 A
HEE olshety 24 A
T2 FAAA] dFe] B
AN
T=7F 1 0682 mg/Lz: Eskow, H A4
w0l 2549 mg/LE Bt vl of SWiE =
A SAHAT ARG TAM AHF2 ol
ol&st= Akl Zg, vhavlE, w4y
EFl 9% Aoz Ao H AHFo
%ol 8§24 Aoz AddAn.
(1A=% AZ=AALA fF71Ed8d of
Uzt CN(0.068 mg/L), 774 4:(0.15 mg/L),
“

AN AEE(4,287  1Slcm), B2.6 %),

Cr(0.111 mg/L), &40](534.9 mg/L) & °I
= AT =5 A5 Y¢S
F= 29929 Curt 0.221 mg/lLE ZA} 5
A=l Cuel 48h ECs #kel 0.021~0.146
mg/L(Mount et al., 1984), Cre] 0.111 mg/L2.
Z 48h ECs 0.08~0.19 mg/LE F &3] 54 &
doz Wk F=qUT o9 AeEAd B
Fe = F de 82 ONF 4HAFA
A FAtER BAEE 94 5ol Atk

[(Z2HaS5 AF 714 2 Al Az 2]
A1+ COD(60.1 mg/L), BOD(56.2 mg/L), &=
(0.035 mg/L), ¢EYold & 4(8.246 mg/L),
Cu(0.893 mg/l) s°] =A SA=HIJT. 4=
Yokl A4 g9 Cu a7 5ol |
< Fe Ze=E Hridt

(A gAAdlel = Mn(0.390 mg/L),
Zn(1.098 mg/L)e.2 Zne] 48h ECs
0.909~0.923 mg/L(Lucia Guilhermino, 1997)<
He 552 A" 3] RS AL
2 dddn

DIetd FlAE  H=@81L3 mg/l  as
CaCO97F &A1 &4 = Aoy CN, H=,
4 T AHFAN 9FE = F U 2

7

d

rl

i

=

K3

[e=]
=

_T
=4
=

=

N
rlo
5%
rir
po)
o
ft
B
>
i
32
v



ir )
H PR | A_ V [~
w w
o L&
EE 4
L) &
Hi T o
= K %
I om < L
. * F o il xm ] * m
TR wl
iy K
+ :
L = L
] Fa ] + z
- T -
R <
Lob o= L di
0Kz 20
o g <+ i
T T T T T T T T T T .
o ° ° ° < ° s =& © o = = o
2 2 2 2 g S 8§ &8 & g8 &
3 3 3 8 2 8 & & £ 2
7B UopenusaioD dog 7B 'uopenusuey NL
i i
[~ . M
W L il g
+— L% 3 %
LY &+ Fi
1 8 &
fa z I
I e ’
| [ = <
* — | + ™ g . + A_.Aﬁ
L TR i
B M
| g &
. : Fe o
_ £a — 4t
3
A
4 Ko
wlh jab &
| ® Ko ko
i g < __A%
T T T T T T T
s o 5 = = = = o T T T T T T
M m % m ¢cu m 0 o =1 [=] (=1 (=3 o o
Q _.ﬂ\ ® @ < N

7B 'uoflenusauo) oo

bW 'Uogeuau0D S8

Z1H o Algd

=

I=A

ps

ok

S FHl Alg

Z1AH

=

A=A

o TSR

=t

FIZ=Al

Al

b

3+

g

H=A

A

100

| I | i
.TE_v R~ . w
o | W
L# _|r L
e * , 4=
= | ]
L) Wz
s | |Ea
LAz < » LA &
- o o § W mﬁ u\
wl TR F "
LY "
5 g
. - Mnm_ 2 . e Fed
i M S E
- "
o K
i L&
Lok o < 0K
0 K oz o
o g <k &
T T T T
T T T T o @ © -+ o =
© < ~ & - a S S o =
76w 'Uopenusolon 41 7w 'uoleueouy NO
ﬁ i
. [, w
” ~ . I H =
” o | il
r T
, i< i+ i
" T
o Y.
W 3
» L] WK ﬂ + L Mﬁ 5
R i T
n Iy
h_ b 4o
L= L=
. . ] ) o @
=R -
Aﬁ ﬂ b1 Aﬁ Enm
o= oy 140
+ o EXE ¢ 1+ B
TR o g
T T T T T T T T T
2 g g & = 2 3 8 8 8 g8 =~
5 § & B & %

TBw 'Uonenuasuos NFEHN

bW 'UopeAUsou0s) ssaUPIEH

4

=4

b

|

A AL

=

HZ=A|

Al

X

Fig. 4. Comparison of wastewater characteristics by industry type
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Aol AEE AXNFOEZN WFE 7+ BHEA oA FHBAAE YUY A& 7E
of thet tiAI A< & AAEET. AT AFTAH(FEHE 5, 20100914 10 psu ©] 4
BA B2 A #A S(Correlation coefficient) ol = 100 % XA AHES Hole 5 =2 4%
2 A, r olgte AR FdSh A4 AL e A2 ZAEHAY. @& ©]9
kol of TN, CN, &¥=E ol AiolA =2

AT FE(H)ZFE FEAHY W
(3]

3 ARE e 5 A, oA

2

° AL A= Aoz =AEAH.



Table 4. Statistical correlation analysis between TU and physicochemical properties

Component Peaggg?fii?é;?g%tlon Significance level
COD .3729%* .000
BOD .0083 .925
SS .0938 .288
TN 4568 ** .000
TP 4083 ** .000
Hardness .0999 .258
CN 4394 ** .000
Phenol -.0521 .556
ABS .2205 .012
Residual chlorine 5034 ** .000
Electric conductivity 4600 ** .000
Salinity 5461 ** .000
Ammonia nitrogen 4196 ** .000
Cr .1955 .026
Mn 1251 .156
Fe .2430 .005
Cu .3584 ** .000
7n .0465 .599
Cl- 3973 ** .000
note) #* : Correlation is significant at the 0.01 level (2-tailed)
wol W@ olslgt FrhEae golshAl @
3.3.2 29184 S AT 5, 2000).
Qo1 ®4 (Factor analysis)e WFE 79
AEAVAL BAG ] o5 ol FEAC 7k Ay
2 4g3ta Qe A" 2908 R3] B ATolAE BAE 28 g AN
AA 2A5E dHE F e HER 78 = stom, JEHFEY F FAS ol &
ol ZIHolth & AAIAV & QA5 3 FAE EAH(principal component
o] ZIXI St FEAL TAOR s analysis)& ©]83F] 8l& FE3H
449 R9lor FolFt Al o, R (Salinity) % g3t £35S0
webA] 8RS o g3t o Jle] W WA FAE A AERS diole
ez Fold Be ANE P A A4H FEe RN A2 2857 o)
ol A 8910 Hekate] tehgozA 4 ol 2ol A A<l
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Table 5. Communalities

Component Initial | Extraction
COD 1.000 .880
BOD 1.000 .819
SS 1.000 515
TN 1.000 .626
TP 1.000 .657
Hardness 1.000 458
CN 1.000 .490
Phenol 1.000 .569
ABS 1.000 .569
Residual Chlorine 1.000 .567
Salinity 1.000 .663
Ammonia nitrogen | 1.000 738
Cr 1.000 .489
Mn 1.000 .462
Fe 1.000 .807
Cu 1.000 .610
Zn 1.000 .436
Toxicity 1.000 175
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Table 6. KMO and Bartlett’s Test

Kaiser-Meyer-Olkin Measure 587
of Sampling Adequacy )

Approx.
Chi-square

degree of
freedom 78

724.285

Bartlett’s Test
of sphericity
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Q1 32 134 %, 82 4= 106 % ©+Fe] A2 st o

HeEs UebH, o& 47 el 9% A

HYe 67.1%% E49T. FAE E4HE vl &4 47

o] &3t & EAt @2 (& DI} Zh SRJAFEPHOEZE FARE BEAHS o

£33, 3 A8 kaiser A73H7F A= w9

Lo S 25 6RHESte] FHE F o<l 4 AHE
ARFEFS T3 AR eddqES Y GE 8O o] et 842345 T

317 A& FEE HEsty] 95t 8ES St 13719 AHHgs adiA S F3) 4

AT 2R1e FHstE olfr= MTe Hel gRle g & HAT 82 12 A

AW EQ Q5SS IHANOEN 2l 547 #EA] U= SJEE dEYolA

e FaA st Atk F IS S A, ZHFE4, TN, €702 #4480 8

ZF gRlEo] Foxl A& WEsA g 9l 2= BOD, ¥, CODZ FAE L, 22 3

T UAEE E9eh. JAAES A= 2 ABS, Fe, 8¢ 4= TP, SS, Cu 522

WHdle A& Y] A45E Ao s fA S dE T

e I e e I e i A s e St e = S T

A oA I HAT= A3 o] =,

E Ao s gubr o7 713 wol ALg-35}

= dlg]M 2~ g A (Varimax rotation)S A&

Table 7. Total Variance Explained

s . Extraction Sums of Rotation Sums of Squared
Initial Eigenvalues Squared Loadings Loadings 1
NO. % of | Cumul % of | Cumul % of | Cumul
% m % m % m
Total Van'a?lce tilxl/e u‘%? Total Variacr)lce tili/eu%a Total Vaﬁa?lce tili/e u‘%?
1 3.725 | 28.654 28.654 | 3.725 | 28.654 28.654 | 3.357 | 25.820 25.820
2 2.014 | 15.496 44.150 | 2.014 | 15.496 44.150 | 2.245 | 17.267 43.087
3 1684 | 12.957 57.107 | 1.684 | 12.957 57.107 | 1747 | 13.435 56.522
4 1.299 9.991 67.098 | 1.299 9.991 67.098 | 1.375 | 10.575 67.098
5 .944 7.263 74.361
6 .909 6.991 81.352
7 7147 5.748 87.100
8 .388 2.987 90.088
9 .366 2.816 92.903
10 317 2.437 95.340
11 .283 2.180 97.520
12 .247 1.902 99.423
13 .075 577 100.00




Table 8. Rotated Component Matrix

Principal Component

1 2 3 4
Toxicity .803 -.018 .289 .080
Ammonia nitrogen .756 144 -.009 =277
Residual Chlorine 719 -.099 -.052 163
TN .709 175 -.054 .062
Salinity .702 .017 -.013 .376
BOD .052 912 -.022 -.051
Phenol -.133 .762 -.065 .185
COD .544 761 .050 -.085
ABS .017 -.027 .895 125
Fe .018 -.015 .894 -.079
TP .396 -.037 -.008 .647
SS .084 .286 142 .592
Cu .384 .328 172 -.534

1.0 A7 o
® 00 o5 5.0 95 ° =3
=4 2=

Fig. 5. Component plot in Rotated space



Table 9.

Eco-toxicity of public sewage treatment facilities using Daphnia magna

(unit : TU)
Site Average| Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Nov | Dec
Average Influent 4.0 38 147 | 35129 | 37 |54 |39 | 38| 47 | 36
verag Effluent 0.3 0101|001/ 02]00)|001 03|01} 21| 12
Gai Influent 2.4 18 | 1.7 (21| 15|25 |72 | 23|14 | 13| 18
aVa  Effluent | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0
Sungei Influent 3.3 153117 | 11| 51|48 | 6.7 |12 | 70| 1.2
88 ["Effluent | 0.0 | 00| 0.0 | 00 | 00 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0
G Influent 2.6 39 13132 |25 |43 |11 |17 |13 | 25| 28
C%%%‘ Effluentl| 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0
Effluent2 0.0 - - - - - - 0.0 | 0.0 | 0.0 | 0.0
Nam- Influent 0.8 16 | 15116 |00 ] 19]00] 00| 00| 111 0.0
hang Effluent 0.0 0000|0000 ]00)|00]001]0071]00]1]0Q00
Song- Influent 2.2 27 125|126 |28 2530|2530 00 0.0
do(2) Effluent 0.0 00 00|00 |00]00)|00]001]|O001]00]1]0Q00
Gum- Influent 12.6 11.01160| 95 | 94 | 59 | 16.0] 9.9 | 16.0 | 16.0 | 16.0
dan Effluent 2.5 08 08|00 (13]00/|007]15]|05 /127|171
EET mi1E m28 m32 mE4E2 EsE EeE myE =) 118 128
16
14
12
E 10
u.T.- 8
o
&
a
5
0
Fig. 6. Comparison of Eco-toxicity by public sewage treatment facilities
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