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Abstract

In this study, the inhibitory effect of toxic metals was investigated on the activated sludge of the municipal sewage treatment

plant. The allowable concentration of toxic metals was also estimated for the stable operation of the biological treatment
process. The single and mixture toxicity of Cu®', AI’" and Zn®" were evaluated for the activated sludge microorganisms. As a
result, nitrifying microorganisms were more susceptible than heterotrophic microorganisms. ICjo (Inhibition Concentration of

10%) of Cu*, AI’ and Zn"" for the nitrifying microorganisms was 3 mg/L, 7 mg/L and 25 mg/L, respectively. The mixture toxi-

city showed three times more sensitive than the single toxicity. The concentrations of Cu”™,

A’ and Zn®* to minimize the inhi-

bitory effect on organic matter removal and nitrification in batch experiments were found to be 1.3 mg/L, 2.5 mg/L and 6.3 mg/L.

Key words : activated sludge, Al, Cu, IC, inhibitory effect, Zn
1. Introduction
204171 ol% AETA AMFFol SHEHHA, A AAH

o —-/\
TP S 9

oz QETA AT HeAE FFGAA st
9 Zzto]l HO gt MESH A FFL E7|X(aeration
tank) HellA Add oz dAsE A15E AABES o]
she o2 dEol 2 AAFES BF E?: 3k OlEiol
HAES dutd oz dg&ex e £

Bt pAELS A5 FF

KoN

SHAl Aot 2y #H 5
HPEHAE 95 4A
9 €485 AN
e SdE SHELY #
A AYFH9 292 A o
o]t}(Hartmann et al., 2013).
9 Z7te) A5 FELH 2
A3 Qo oleia 54

of
&9 o

og
o

n
S
Ozl'
ox

rr
NE

ik

o &2
B 2

.

i

e 1o
i [U'lﬂ mlo [U'lﬂ

%0, ML
oy 1%

N
!

ik
oft

(3

a8

4 g

T
T
0

r

iIN
e
Ju
ol o

" To whom correspondence should be addressed.
koyoyo@gg.go.kr

This is an Open-Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

N
23
=
=]

ol e,
A 2%
GRS
o w]Fo]

=2

o
%
2

o oo o
ox, od

i
o,

ox,
H o ok

I TH(Cokgor et al., 2007).
T gtz gz olm
ZZ&o] HAsA A HA
A FAR wEEE oAl (food chain)g E3 A
A &5 5 (bioaccumulation) =] o] AT ofu 2}

Qe E.AE 9 AeA L\?l-oﬂ 2 93del 2
SRR =
detE e 87
&5 AA =

2417}

5

A<

ool 9

S
o
o} Zn, Cu, Ni 59 &

(o]

s 7‘—1—0}7] HOHHJ- H

AEotE AGZFAAM & st FQa

1 TH(Dhokpande and Kaware, 2013).

o) AFS AmEd 20089 71F0E AddH S

o of 450/7} FFFAYAE FYEHE AR

Ha gk B3 97 FFFEAGA AN E T
[e]

A7t FURT ARAE, FFARA 59 ol =

)
H>i:lJo_>‘..—{

30 o 2 mo 30 4 4 Mg G

ol

Journal of Korean Society on Water Environment, Vol. 31, No. 2, 2015



9 W& &71EE &t ALEEY APATE A
Ao FUAIZIL Q= AFoltKYu et al., 2013). 18]
U
o

FERARAYANAE fUFE BT § £ 5

We AuEe AEA Y BA ABE obd vlEs
3@ 5 vk 9 ol 335 FRekn Ak 49
A7k A4s) ARHA B FFAFAYALL 49
2 F9ole AERH AYBPY ZHA £Fol 4T
2 mE FE Qe Fa0l MR MAL Sy
He ATES 44 Fad o4t H3 ek

A & AN QAN ol PISIE A

o1 2ol UW% =4 99 zAagom, oF
J—}éz—lo] ;Q_Q. H?l. ]:H}\l‘:'

49 AU 5ES SaskuA s T 4B
seiAol 9 BYEL) AA FsHe B AERAG

X ofn ot ¢
:(I)lé
ox,
ta
o =5 o
Y
R
SE
ohi
)
=y
O

2. Materials and Methods

2.1, M sE A0 CHEl SMHETL
21.1. /.\_F_“t_’.\_c"’(oxygen uptake rate)
HAEY 552 3714 FAEY 44 Z5FHA 84

2, g SHEZ g AESH 54F7b QlolA
e Fas a4vt Ha ok HAEY s 487t
=TT WHE 01%51 R, HAEY A
£ AF Zdse 9 2 vAEY AALFES o] &8
U g 3E5ES %@E}E THAJD B Fol o) &
Ha Qdth o] FolA STFES S YHS Y&
A(FEIY AE £ s vAE)d g A9 F
A7l dRtEo R Fo] AEEHE WHOR, ZHEH]
EANE B nAEY 5FEC] FLE F gL V3
I 3tk 38E Z3E Oxygen Uptake Rate(OUR)E =73

st Wyo] by ez o] gEHa vk AALREE(OUR)
2 o9 & ()T Zo] BAE F lom, AREEH ue

DO(dissolved oxygen)®] WSIE F43otal, ol &3
DO Z4%dES F3kA Fok(Cokgor et al, 2007; Dalzell
et al.,, 2002; El-Bestawy et al., 2013; Hartmann et al., 2013;
Ong et al., 2010).

OUR (mg O,-L"-min") = DOconsumption
(mg 0,-L™")/ Time (min) 1)
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et al., 2002; El-Bestawy et al., 2013; Hartmann et al., 2013).
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Table 1. The composition of the synthetic wastewater on heterotrophic and nitrifying organisms for the toxicity test

Composition Heterotrophic organisms

Nitrifying organisms

Carbon source Glucose : 300 mg/L

Ammonia source -

Ammonium chloride :

80 mg/L

Nutrients

Ferric chloride : 0.6 mg/L

Calcium chloride :

Magnesium sulfate :

68.8 mg/L
56.3 mg/L

Phosphate buffer solution : pH 7.2

Microorganism source

Activated sludge*

2,000 +200 mg/L

i Young-duk municipal wastewater treatment plant
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Table 2. The metal materials used in the experiment 2.3. Cu, Al, Zn0| EMM =2 X0 O|X|= MallFe ME
Metal Chemical form Cu, Al, Zno] #EoGBA A2 ag Ast 2 Aug
Copper (Cu™) CuSOy * SH,0 (Wako, 99.5%) e A S5 FASHA Y HXE 9TFE ZAE] Y5
Aluminium (Alﬁ) AICl; - 6H,0 (Wako, 97.0%) o SBEA ARe gt wes] LIS 2 Lojw, A

. 2+ 5
Zinc (Zn™) ZnSO4 - TH,0 (Wako, 99.5%) He 6A7F SOt AW AT pH 20| Pag A=
. IN FEIEENaHCO:)S AH&8le] 7.0+032 =235k
A G718 FFE A3l glucose(Wako, Japan)E AHEEFH L, ou, DOV} BEsA SEE ZEg wuw ¥/E 2o
A3l 235 ammoniats= ammonium chloride (Wako, Japan) Aok Ade] AHLE A2 B gAERe AL 2229
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FAYANAEAZ FYHE Cu, Al, Zns WFEZZ AHsA AsAth 2 FEEZ Total Organic Carbon (TOC) F&2
SH(Kim et al, 2012), =2 E AMEE A<y 2P TOC analyzer (Torch, Teledyne Tekmar, USA)E, &/ &
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Cu, Al, Zn9 B=E%

THA ARE APstdeh AdhAaEE 82 300 mL
€F9 BOD 7] Fv|et @& A AIRE

i, HAFeR ggEdY =5 =
Atk AL 27 DO BE7F 6 mg/L oo g 83 ¥
718 gHelA Al&std, HE DO 5%7F 2 mgL ©JstE
Z4E W7kA v 15% HFCSE DO FE9 WHeE XA
st DO &3¢+ DO meter(YSI 5100 (membrane elec-
trode type), USA)E AH&sIAT D=4 AAdA w4
A 10%8 AR=E dehlle 4229 5=(1C0)E
LSS, ol & HtgeR EFEE S HUtskH T

A9om, NHy-N 2 NOy-N g9 BEXHo= $2Az%E

EX7](AQ2+, Seal Analytical, USA)S o] &3al4th.
3. Results and Discussion
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Table 3. The result of OUR and SOUR in the single dose toxicity test

Metal concentration OUR (mg/L/hr) SOUR (/hr)
(mg/L) Cu2+ Zn2+ Cu2+ Al3+ Zn2+
0 (Control) 29.437 29.437 29.437 0.0153 0.0153 0.0153
5 27.851 27.965 28.730 0.0144 0.0145 0.0149
. . 10 24.609 27.813 28.035 0.0128 0.0144 0.0145
Heterotrophic organisms
15 23.278 26.495 27.156 0.0121 0.0137 0.0141
20 22.478 26.114 27.147 0.0117 0.0135 0.0141
25 21.605 25.782 26.623 0.0112 0.0134 0.0138
0 (Control) 32.697 32.697 32.697 0.0170 0.0170 0.0170
5 26.794 30.548 31.207 0.0140 0.0159 0.0163
i T 10 23.589 27.704 30.985 0.0123 0.0144 0.0162
Nitrifying organisms
15 21.286 23.082 30.543 0.0111 0.0120 0.0159
20 20.279 19.984 30.264 0.0106 0.0104 0.0158
25 19.351 19.853 29.859 0.0101 0.0104 0.0156

- MLSS (2252 £ 22 mg/L),
" : MLSS (2251 + 34 mg/L),

MLVSS (1929 + 35 mg/L),
MLVSS (1918 + 29 mg/L),

e

Glucose (300 mg/L)
Ammonium chloride (80 mg/L)
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Fig. 1. Inhibition of Cu, Al, Zn for heterotrophic microor-
ganisms in the single dose toxicity test.
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Fig. 2. Inhibition of Cu, Al, Zn for nitrifying microoga-
nisms in the single dose toxicity test.
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Table 4. The concentration of the mixed metals used in the

mixture toxicity test

Metal concentration (mg/L)

Type

Content ratio

Cu” Al In* (%)
Type 1 5.00 10.00 25.00 100
Type 2 250 5.00 12.50 50
Type 3 1.25 2.50 6.25 25
Type 4 0.63 1.25 3.13 12.5
Type 5 0.31 0.63 1.56 6.25
Table 5. The result of OUR and SOUR in the mixture toxicity
test
OUR (mg/L/hr) SOUR (/hr)
Type Heterotrophic ~ Nitrifying ~ Heterotrophic  Nitrifying
organisms organisms organisms  organisms
Type 1 21.531 12.623 0.0112 0.0066
Type 2 26.276 20.366 0.0137 0.0106
Type 3 28.740 27.659 0.0150 0.0144
Type 4 29.529 30.449 0.0154 0.0159
Type 5 29.730 32.731 0.0155 0.0170
0 (Control) 29.849 32.863 0.0155 0.0171

- MLSS (2255 +32 mg/L), MLVSS (1921 + 25 mg/L),
Glucose (300 mg/L), Ammonium Chloride (80 mg/L)

70

Heterotrophic microorganisms

60

~#-Nitrifying microorganisms

Inhibition (%)

40

60

Dosage of metals (%)
Fig. 3. Inhibition of mixed metals (Cu, Al, Zn) for heterotrophic
and nitrifying organisms in the toxicity test.
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7] EFEAY FYod g3 S9FTo] A HAEY
ol AfE Aoz & & Jed, ¥so] A& A&H
dA @& A e 59 Asacld FFE £ =
EFEZ o ANGTo] F4E Ao A F
o} 39 Chua et al. (1999)2 S4&A] FHANA ©
#9 £#458% FFEE BT 350 fUIEEY o

80

60

TOC removal (%)

40

~o—Control

=)
L)~
"
-
o

Time (hr)
Fig. 4. The effects of the mixed metals on TOC removal effi-
ciency by activated sludge.

Table 6. Concentrations of TOC and NH4 -N according to the reaction time and the removal of TOC and NH4'-N in the simple

batch test
Type TOC (mg/L) TOC / MLVSS NH4-N (mg/L) NH4"/MLVSS
0 hr 2 hr 4 hr 6 hr (kg/kg/d) 0 hr 2 hr 4 hr 6 hr (kg/kg/d)

Type 1 1252 18.1 115 10.7 0.241 14.433 13.863 13593 13.481 0.002
Type 2 1252 18.0 9.6 9.5 0.243 14537 12362 11297  10.039 0.009
Type 3 125.2 18.7 9.6 94 0.243 14.733 9.748 4.185 1.051 0.029
Type 4 125.2 19.2 9.8 9.5 0.243 14.350 9.070 2.072 0.773 0.029
Type 5 125.2 25.5 9.6 9.4 0.243 14509 6.804 0.539 0313 0.030

0 (Control) 1252 424 9.8 9.2 0.244 14.544 7.092 0.707 0.221 0.030

- MLSS (2214 £ 39 mg/L), MLVSS (1903 + 35 mg/L)
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Fig. 5. The effects of the mixed metals on NH,;"-N removal
by activated sludge.
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Fig. 6. The effects of the mixed metals on NO;-N increase
by activated sludge.
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T 60 E
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Fig. 7. Removal efficiency of NH,'-N and Inhibition of
nitrification by activated sludge.
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Table 7. The removal efficiency of TOC and toxic materials by activated sludge in the simple batch test

Removal efficiency (%)

Final concentration (mg/L)

Type

TOC cu* Al Zn* TOC cu* Al Zn**
Type 1 91.4 98.3 97.9 96.1 10.7 0.087 0.210 0.970
Type 2 924 98.4 99.2 98.3 9.5 0.041 0.040 0.214
Type 3 92.5 97.9 99.0 98.4 9.4 0.027 0.026 0.102
Type 4 924 96.7 98.3 98.4 9.5 0.021 0.021 0.051
Type 5 92.5 953 96.9 97.3 9.4 0.015 0.020 0.043

Z+Zy 0.027, 0.026, 0.102 mg/L
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4. Conclusion
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