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Abstract

The behavior of copper throughout the whole process of wastewater treatment plant that uses the activated sludge process
to treat the wastewater of petrochemical industry that contains low concentration of copper was investigated. Total inflow
rate of wastewater that flows into the aeration tank was 697 m3/day with 0.369 mg/L of copper concentration, that is, total
copper influx was 257.2 g/day. The ranges of copper concentrations of the influent to the aeration tank and effluent from the
one were 0.315 ~ 0.398 mg/L and 0.159 ~ 0.192 mg/L, respectively. The average removal rate of copper in the aeration tank
was 50.8 %.

The bioconcentration factor (BCF) of copper by microbes in the aeration tank was 3,320. The accumulated removal rate of
copper throughout the activated sludge process was 71.3%, showing a high removal ratio by physical and chemical reactions
in addition to biosorption by microbes. The concentration of copper in the solid dehydrated by filter press ranged from 74.8
mg/kg to 77.2 mg/kg and the concentration of copper by elution test of waste was 2.690 ~ 2.920 mg/L. It was judged that the
copper concentration in dehydrated solid by bioconcentration could be managed with the control of that in the influent.
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Fig. 1. Diagram of activated sludge process and sampling points.
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Table 1. Dimension of the activated sludge units
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of o8l] 7FaE] 1L = K34 37 ulle Al 23S that
© &2 fE|giek it Hl=A g AAE Al W
A3HE] (CuCh)E SR ARSRE FollA] WA=
= 5 IR 34471 160 m/day, 1 £ %ﬂ
E TRk g2 #4271 200 m/day 7t A E| AL
t}. JelE et gl GRS fU1EAw E}
FO] 719474 (organic-Cl)o] 3£3FE o] glo] A
=M A7 & =]A] oFof 3]44= 261 m/dayE At
goto] AETH a7t 7hsdt sER 3|4ste] A
E5H4 A& 8kl otk

Hle=Ae3ge] E5Eet ARE AFHIT S
Fig. 1] JERHQITE AR 4X7E 1M 02 1Y 63
of| A S AF kL &3 F hEARE THES
o} E3F Z7| oA 29| AA dE FIsH] 9
3l 20947 7|2 fRet fFERolA AlRE AFH st
o F2]2] A%-S A E ka1, E7]2 Yol A uj P&
ot B E-5EAGE ERIsHATE A7 AFH Al #Hl5=A]
2574 2] =2]eh4] 2}2-E Table 1] e Sic

2.2, =|A'1H|'

Ko 4=gol 20] eyl 1

FE o] Frp oz Lhiro] AAjskgch 48
o] AL g7 EF Al whek AAls)
o, IFE T= E3 (mixed liquor) W 2] 7-2]
(Cu™)9) HA12 7hat (Aabr Tt ah oz §718S
o] MAe] & 7|5 AIg el whet

A& ARSI E3E G2 A B 71 ES A
ol whek A RE U 27]2 uh

ol HCl -89 7Fsto] pH 5.8 ~ 6302
AJE 100 gof] thate] 1:102] Bl
+ 3 ZZ 5 cm, 200 rpmof| A 6A]7F
SR 3]

oL AL
E |
1o

}lv
l

BN o
% 4;
o X
e}
h 3
12
o

lo)

mL& &

Aesto] 824713, of3t

—
(=3
(=3
(=)

ol

off
2
I

H B QRS B RE BB

Fel B4 AlRe) FAH e FFU) ol FEE 5
% Ei sAslglon], H IR R ARl et ¢
S48 =A| (USA, Perkin Elmer 3100)5 ©]-8-5}¢]
324.7 nmoj|A] AA )3k Al BLMe] T E =AF}
AL wje] 2pgeh g oRE 1o g el
=rE A}Eo} o, vlEAE-E skl B AT

3.1 AEMF ™Y 122 5=
Fig. 10 Yepdl 7} 3ol A 2.12] Al7 2] 1
of et ARE AFstel o HES BAT 20tE
Table 2] eIt 7<= (influent)= 1215 &
St Hlof S HROHA] o HleE i E,
Trojs SRR ] T2 S 1409 mgl oISic
54 HE (piH @ = Eefsket AAA
2 FUAA dHle 5 T E S AR A =
A% (storage tank) 2 ©|55| o] 34 H|2} &9t
v F2lo] FEk 0945 mgl UERdrh sl
(dilution tank)= 4= 5 71 B FAd2o] th
FHpElo] glol Aatet BB A Sletol
S|4 (raw water) S A St AR 24 129
Ere= 0369 mg/LE UERtTh Z7]% (aeration
tank) A|R+= &7])2 £31H (mixed liquor)& 3087
HAT 5 ArEole AFste] ele] Pk Bl
Fom, 71 Fr= 0.191 mg/LZ YeERth vkex
(return sludge tank) T3l E3tolS 3087+ 2 7FA|A
IR F SN AFistel BAse, %)
AN Sp3eal 442 0181 melLs btk
== (effluent) = H8]9] == 0.106 mg/LE e}
gou], AR ANENEsE el 3

I



1122 AR [ Y

Table 2. Concentration of copper (Cu”") in sampling points

No. Sampling point Concentration Flow rate Total Cu Remark
(mg/L) (m'/day) (g/day)

1 Influent (with Cu) 1.409 110.00 155.0 Liquid

2 Physical and chemical treatment 0.300 50.00 15.0 Liquid

3 Storage tank 0.945 160.00 151.2 Liquid

4 Dilution water 0.000 261.00 0.0 Liquid

5 Influent (without Cu) 0.000 200.00 0.0 Liquid

6 Filtrate 4.017 27.00 108.5 Liquid

7 Thickness tank 0.817 49.00 40.0 Liquid

8 Dilution tank 0.369 697.00 257.2 Liquid

9 Return sludge tank 8.729 516.00 4,504.2 Mixed Liquor
10 Mixed liquor of Aeration tank 4.036 1,213.00 4,895.7 Mixed Liquor
11 Ist Settling tank 0.191 645.00 123.2 Liquid

12 Cu in Return sludge 8.413 568.00 4778.6 Mixed Liquor
13 1st Settling tank sludge 2.519 52.00 131.0 Mixed Liquor
14 FeCl; Storage tank 223.000 0.16 35.7 Chemical
15 2nd Settling tank sludge 2.039 25.00 51.0 Mixed Liquor
16 Cu in Thickness Bottom sludge 7.404 28.20 208.8 Mixed Liquor
17 Effluent 0.106 620.00 65.7 Liquid

18 Cu in Filter cake (mg/kg) 76.500 1.27 97.2 Cake
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