LEEWFE33(2): 123~133, 2000 193
SAHBARBRRE A REZZED

RIEEY WEEY R

WiFHE - 8856 H7H : S HE 892 H 14 H

wm =

AW B R PRI A HAEH IR KRR E 22 - MRBSEEA R E
BFIRETE 100 mg Cu/L-d LUK - 5 EANERERRHBKEENEZE  MERAWE
200 mg Cu/L-d DL LI - $VEREEEHGIHS - IR AN 200 ~ 400 ~ 600 ~ 800 mg
Cw/L-d 3 » HEE “EZ ERERS IR EHRER 86% - 73% ~ 67% K 61% - {HEE=EE
FHCBREREXIAES - ERAEEREEHAAMYSNRE  R&HIERERERS
S IR 5 AT 118% ~ 97% ~ 89% R 82% - FEFRHIE/KEJTH » SHEF AR 600 mg Cu/
L-dFf » i COD f BOD B fAH BRI - U H i iR FE BE VR AN SFSE B i g m - 4%
5381 - RAAVRHIR SHBRE TR 18 ~ 32 ~ 48 R 52 mg/L - fEAGKBE R E TR T 91% ~
93% KR FIRERRIT RS - Rt HE#ER AT EE NSRS REAER GRS —EE
W ERRRE -

BgRE © 4 IR RIR -
T

HHEENERZUFN - BREEERFTIFIHEL A= FI3~6 mg/L » NRC » 1988)
ERRTRELR - EFEFEEFEPRINSEAVEMRN - MAEEFHNEE - K& (88% - R
BB - 1991) @RHEHIBES - ERFEETRY RIS BRS o RIEAESEME 5 HFEEHEE
B $E8% 61 ~ 1791 mg/kg - BEMEMEA > FIGER 495 mg/keg (FR 0 1997) - BT
R i RS R R IR B R - DUEIER AR B Bk R R e R BURR T 28]
B Sl ERE 2% » REITAE

ERESBHREFEEZENVTAES AP EHREREESESANESRZ
— (Lin, 1993) - ARifi >R ATE & B R R B ISR RIAEE 1% - M3 (1991) ByoEss
H RSP ER A A AR PTRE AR SZ RSB LR  ESIRAE R 3.2 me/L Iy » HIE MR 2R Y50 % -
Hickey ez a/. (1989) 2 E/KIJ=RE IR Ry 10 K - SREE 90 me/L & kTR Z 1K 50% -
Barth ez a/. (1965) ERREEE S A ZNIHEEE 10 mg/L ; MEHATR 10 mg Cw/L-d & >

|

WTBE R R G EEHRBEATITIERE 995 5% -
@TTHEREREZEGRERBITEREER -
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SISVR TR AT ATIE 280 mg/L - YK (1901) BIVES B = FER RN - RERAE 10
RGN 10 mg/L W » AL S REFHRD > 100 mg/L L ERIZHHD - 400 me/l. b LB,
Bt ST - TSR (1989) 353  VRIIRRES By 150 mo/L LU R SRS B MRAABRBET L1
-

AR PR B I PSR PR A 2 R » TIPSV PR
EEH (Lawrence and McCarty, 1965) - ZRARIERH - HESHHE - MENVEGRES
Bt e o DBUEENSBEET TS  UES ORI EE pH (BB B 4 pH 7
99% IR ERTE YIRS - TifE pH 5 5 > [ 14% MRS AT AMER S (Fletcher and
Beckett, 1987) - [} » ISR - EAEBAERNE WA BT LNTICY - 55
B E S IR - 5 B AR LIRS AVIR (Lawrence and McCarty,
1965) B T EERSV SIS AT RUTRS) » B S BINSRGISVE P I Y A LR
HY'E gE&: (functional group) #&& @ MAEE/KTBEE - FEHHERE) 0.5 ~ 3.5 mM (9.2 ~ 64.3 mg
Cu/g TS) FF - 95% SHEERBISRAE ST ER (Artola ez /., 1997) -

A MRERERS » RERHREIHOTR Q0SS - BARS) - SRR ENT
Al (TR SERAK - ETEKE)  STIMBRRLARYA R | pH - BRELTSRSIER
i B 1 B RS PR RERE SRS TS L) - B S TR RS2
MEEAE  LHRERERAARGRIENE  EAERRTITE - SREERRRETS R
FI= B SRR - $CoP RRSGIRTE R R 2 A B RSO - BCRREERY RS -
A REHRESN R BER R SERA BB HRRRE - BB LB EE T
IR - B BRI P B R A0 S R AT R T » o A ST O3 -

M ETTA

(1) FERIRACSRERTE © FFAAEEETE30~50 kg Z N5 - ISR R FEIR - IFERR IS RN -
18°C {R17 - FEHEMFZ ~ IEVEHOEE - WIERERFR ZEERE (TS) - MEREERR (VS)
TS -

(1) FRSRBEIEEE AU MG IRIE « AR A/ DR 7 D A B0 R B R (E 1) - HAMAE S L
BfE 18 L - $f# 27 L - SABRHIRI 2 H IR INEEZFE3E 69 ¢ ReFER 400 g - IivkE 45 L > K
REREECERANER 1 g VS/L-d » KIJSEKRE 10 days - BB BERERRE

B T HTHEBOKE - WERIATEE T PRI R B AREAS - (8RR S BT AR
© 0 ~ 25~ 50 ~ 100 ~ 200 ~ 400 ~ 600 ~ 800 mg Cu/L-d -

() 5347 E : MEEERE DnEERmnEs  RRERTHRERELR - BESITERBR K
FitiiZzpH ~ {LE2FHAE(COD) ~ A£{LFHAE(BOD) ~ TS -~ RIZE R (SS) AR 1 K - E
ARk MR Rk VeHE R 8 - MBS TS REHE -

(IV) 35« KBTS RITEECRE REZ RIERERAT (1992) Z/KBEWRER T ERER - TS -
SIS Rz i ] 5 e RAVE [l R AR B Tk — BB IR (J71K201.1) ~ /KPR B DUR T R BOERNE
(71£301.1) ~ BOD kA (LTFAEMREE VTR (J735501.1) ~ COD DIE sKMEMENEE (5
515.1) T -
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Fig. 1. Feature of experimental anaerobic fermenter.

(V) $REtoiT S B s 2 0 JEIR K B BUB R FAIARE T 47/ (Statistical Analysis System; SAS,
1988) » HEITHEE 4T » DI— iR =\f2fF (General Linear Model Procedure; GLM) #717
BN LB K288k (Duncan’s Multiple Range Test) » FLE R 2 2 L8
E 2

&R B 5 AR

L &S &7 (< 100 mg Cu/L-d) ¥R R 8

ERRBEE S HRARR 1 g VS/L-d ~ AT R 25 ~ 50 ~ 100 mg Cw/L-d I » HIFERE
B BURVR NS BHIEAE 22 2 AE 10% 2 (8 2) - RS K B A R38R » 42 COD i »
SEAERINSAFER - AR RN R Rz COD B L& 2 EREE: (18 3) » i &
B - JRENSAZ IR HERK COD RIS E - ERNTERE (SS) 1 HE » HZIRIE R 8
THIEE ([ 3) - AEgHfET& A2 BOD {HE fREEE 2 2 - {EAERINEREE 4 B 5 R - SAEBRAH I B IR
Mz R ERAREE - HMEZMATEE - BOD (EEERE(E 3) - LERRIN®IH2 £50E
R B ORET AT - BURR T B VR S8 B AR SR B 7T R 50 B 100 mg Cu/L-d 2 3BeiE
BN RHEEE AR - HEHBEYEEE ER (R - BRVHB GRS 2R LR 2
EARRE(E 3 ~ 4 ~ & 1) - {EFRINEH 5 HE - FIRE 25 - 50 & 100 mg Cu/L-d ¥ - FbHil &
SRR 2 AR 9 mg/L - BURIRIIIEEEZ 8% ~ 8% 9 % - HEXRRMEE 2R ERE -
TRIBE B - IR S T E S RE ELFI 5 ks 92% ~ 92% F2 91 % - y5¥e arsf EhEse
PRIIE BT 5 F 2 BRI - Ky h & 5 0.2 % ~ 0.45 % £ 0.7% -
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Fig. 2. Effect of low copper loading (< 100 mg Cu/L-d) on the biogas production of anaerobic
fermentation.

fre A E#ER - BIBESHC &1 E100 mg Cw/L-d » SN BREREERERRHRKEE
ZRK - Barth ef a/. (1965) E2 Dilek and Yetis (1992) & A REHBEE ALK THZ S &% 10
mg/L DURH > MAENHRRUEHE R EESRREFAEE  WEFHATER 100 mg Cu/L-
diy H=RARENGEPE 2  EFRTHESEMES  HEBEMEKR RS —8E
WFSERRRE -

I1. B8R (= 200 mg Cu/L-d) & B G e s & 52

A E200~800 mg Cu/L-dif - SRR <R E R AN A% - $HE7200 mg Cu/
L-df » E—EABERERRY &Y BH 90% » 8 SEH 1 86% ~ 90% » BB BER
FE B BAMRIKIE RN INSART /K ¥  {HEEVUSEM X BAtAH MRS (E5) - $AATR R 400 mg Cu/
L-dLLERf > {EREES LB E 7200 mg Cu/L-dz 3RERREAENL » (B ISR A s B R
EREEERA - SHEF 200 « 400 - 600 5800 mg Cw/L-dE » 5 BNEREESIIRES
EREHEAY86% ~ 73% ~ 67% K 61% - AR HEREREMGRE - BRRIABERS > EE
RIEEERE  B20REEHEHEN 118% - 97% - 89% K 82% ([E5) ; BE_EHEEEEER

# 1 ESATR (= 100 mg Cu/L-d) HREI KK E 2 B2
Table 1. Effect of low copper loading (=100 Cu mg/L-d) on the chemical composition of anaero-
bic effluent

Cu loading pH EC BOD COD SS Cu

mg Cu/L-d mS/cm mg/L
0 713 + 0.11 565+ 020 201 +76 1176+ 67 263+ 43 0.26°+ 0.37

25 711+ 0.05 5.62 +0.22 251499 1160+ 146 253 + 42 1.54°+ 0.20

50 712 +0.04 570+ 0.13 292+ 96 1245+ 170 243 + 37 3.80°+ 0.64

100 712 + 0.07 585+ 0.07 319+ 41 1290+ 93 278+ 34 8.08*+ 1.96

»beData with different superscripts in the same column differ significantly (P<0.05).
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" Fig. 3. Effect of low copper loading (=100 mg Cu/L-d) on chemical composition of the anaero-
bic effluent.
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Fig. 4. Effect of low copper loading (=< 100 mg Cu/L-d) on the copper content of anaerobic

sludge.
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Fig. 5. Effect of high copper loading (= 200 mg Cu/L-d) on the biogas production of anaerobic
fermentaion. ’

EES A REEHEZ 99% ~ 80% - 72% K 68% -+ fAR A =M 400 mg Cu/L-d K » {BREEHY
WHHAEEEZR (p<0.05) -

PR E TH - ISR RYSR6E pH B/ TR - EREAK (B 6) > rERERNEE
MEBRIE I B - TEHN T BB/ T5 R RK SRR B RS VS 18 300 mg/L - [KIEA 4 AR SZ Sss By | - s
HHES N 30 mol/m?® - {# pH g 7.8 %2 6.7 (Muller and Steiner, 1992) - £ RE /K HMR
EEER  EAERERE pH By 2K - A MIFEESS  SREREEEDK - B2
FEARRA » #E 1 mS/em 2% (I 6) - &R BEERECRE - #EHIATeE R s Bk BT E AN
Wz - $HETE 200 mg Cu/L-d DL ER; > 88—3EP COD ~ BOD ~ SS &H TREMIEE - HEBESR
EREESENTRRE - HKERESNERI SRR RABRBSCERE S » T Re2 B E
JRHFRE YIS S o SRR E RN - ez SS ~ COD ~ BOD R - {2
B TE R B ERE S - SR ARNERT I COD ~ BOD ~ SS ¥ fHHE (& 6) - Hil&
AT — 2 B ¥k E - pH ERFRRITEE IR - EZER 8% - ECER]
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Fig. 6. Effect of high copper loading (=200 mg Cu/L-d) on chemical composition of the anaero-
bic effluent.
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& 2. BHAR (=200 mg Cu/L-d) HRRIHERAE Z %
Table 2. Effect of high copper loading (=200 mg Cu/L-d) on the chemical composition of anaero-
bic effluent

Cu loading pH EC BOD COD SS Cu
mg Cu/L-d mS/em mg/L
0 723 +0.05 597+ 0.12 122 + 16 1094* + 108 241 + 77  0.11°+ 0.03
200 723 +0.03 5.87 + 0.09 144%° + 29 1220®+ 66 255+ 75 15.94°+ 2.66
400 7.20 + 0.04 5.82 + 0.09 165® + 26 1213*+ 94 270 + 64 26.42°+ 5.10
600 717 + 0.04 5.79 + 0.07 176® + 24 1324* + 113 234 + 51  40.77*+ 9.07
800 717+ 0.02 5.74 + 0.12 199* + 23 1331* + 80 267 + 78 46.70*+ 5.88

*b<Data with different superseripts in the same column differ significantly (P<0.05).

BESRVR IS 1 FHT R - 2 F/NFEES (£ 2)  BOD J COD B#il &R o s » HeHEmih
800 mg Cu/L-d | » EL¥fi ¥ BOD SRR B2 2 ¢ LR 600 mg Cw/L-d I LR » Vit
TRCODER AR % R (R2) - HLAh » RSV RS VB o 2 LA 2 o 2 TEAER (1BI6 7 -
$2) - Vi RS EE B IISRE B - 45 5 A EERT200 + 400 + 600 5 800 mg Cw/L-d 23
Bl IR S SRS AR 18 - 32 + 48R 52 mg/L + RENIILZ 0% ~ 8% - 8% K 7% »
BRI 2R  RIRE BT - VI B RIB BRI LRI A AR 91%
9200 + 920 K 93% o 5t 2 L B BRARVR MBS TN » 48 5B iRAIE VB & 9 B A FI TR
1.3% ~ 2.2% ~ 3.2% K 4.5% (B 7) °

. ZERREE & ESRE

RIBLL LRSS - EEBATR 1 g VS/L-d ~ /KIJEERR 10 RZMBEXFEER RRERE
& > SHE TR 100 mg Cu/L-d DU SRR & ERE & R HR/K B AR E » &R
200 mg Cu/L-d RUF4AE RS E A IR » U&7 200 mg Cw/L-d > (5 —HBERER
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Fig. 7. Effect of high copper loading (= 200 mg Cu/L-d) on the copper content of anaerobic
sludge.
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W 2= $ G 2 86% 5 AT 600 K 800 mg Cu/Led B% - FEVLHK COD 5 BOD B fRfH A B =
R HPHEZEES IR COD 21.0% ~ 21.7% K BOD 44.3% ~ 63.1% - 3ER#k (1989) LI4 =t
R R E R 25 IR IISRE Ry 150 mg/LLU S RSB R BN B HIEI7ER - Y1200
mg/L B FESHENGIER - W0 250 me/L RRRIE B EHIFIVER - ER RS 20% - Mueller fI
Steiner (1992) $8HEL10 KoK S IFEERIEEBE LR « SE 20 BRRE T AR ZR
IKIFIERE - AT R 300 mg Cu/L-d » HFHERERES 60% » iR H BT LE 4 i E
SRHY 64% [BE2E 51% - FEHAEAR 500 mg Cu/L-d - HITERERD 64% - i85 LeiEREIANS
ABEAESRAENE - FERRIEE Z SRR 7E 200 mg Cw/L-d DL | - MRS B A RBR RS
EERE RIS VRIRET » SERATIEAY R 12.3 ¢ VS/L ~ 1Mk 5.4 g VS/L » DU EBR G AT I 8H & 7 5 0.
016 Cu/VS-d RFH IR BB REERINEIER -

EEERISREERER - BRCEEERENRS > HATWRSREEERE 58
B RRIA A VB SRR A AR ST - ZERMIBRIGTRIUSARS - RS EE A P R B R A2 JIME
M ERAEE TR — R MR R E AN EZ TR - BREHRE 2 TS A B MR a Ty -
SR (Muller and Steiner, 1992)7/R$g H 75 818 = B SRR B IR II— 2RI EEZE 1000 mg /L BLA
HUSH > SRR 4 FRBERY SRR HE AR & RIZ BISAR0 B BT R A, - (H2ARR— BR RS s - #heEsa/E
> ARERAFRRMEEEFEBREASMIE : 250 mg/L R 18 X » 300 mg/L Tl 26 X »
700 mg/L 7R 33 K » T 1000 mg /L FEHF 43 K - ZFARHHME 300 mg/L AUsA A 700 mg/
LE9sd - ERERDEERZERAIN 700 mg/LAAER » HEFEFENRLEHE - Fr R
B WRE B2 G EIERE IR0 - AT - AWISREEER IR ST - SRR Bt 2 RER R
W A RTAR400 mg Cu/L-d FRERE BEC &R WRE - BIGERERERE S TR
L PN R SR B B < B R ST SR S FE B 11 BB 2 T B A TR -

HEBIRBEHBBRRAEEEHRATT 1 g VS/L-d LUF » FESHER61~1791 mgkg (£ -
1997) - AURRRBEE A TE 100 mg Cu/L-d DUF » RIS R AR & B8 R REE - ZEiE
TR SR SIRER  HRRRHEZENTIRIE - AT - EEEEER SR FREA
MR RS BE RS - HITTZ BRI L) (sulfide) ZEREA (Jin ef @/, 1998 ) » LIRIEHE 2 -
B BIREZBRRGREERENE  REMEERBERY - B GRS R YRS
R EE - 1A 7 R Ry Yk A B R SR R A -

R

EAE TR R BB S B A 7E 100 mg Cw/L-d DAF > 5 EAEERE B RITHIRKE ERES
E - B 200 mg Cw/L-d M EHBRRIREERERIEIFIRS - ERHEBKEHE - &
AT 600 mg Cu/L-d I » Wiz COD K BOD #ef Rl BEE 1 - i R R ISR ea &
PR ITSHSEEE TR - AR B AR - (AR A MRS R BN -

2£E Rk

TR REF RN - 1992 « KERE LR - FHRBERESRERBA - &
It -

PRECHS ~ ML ~ BREE5 - 1991 - BB BREMSLERBERAE B - 8 16 BB/ EE T
WET @ > pp. 305 ~ 314 -
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FE  BRSES - 1991 - RBSIAF B H AR E R RAHE 2 2 - PEERE G GIEYT
20:32 -
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Abstract

The purpose of this study was to determine the effects of copper at different concen-
trations on the anaerobic treatment of swine wastewater. A bench-scale horizontal anaero-
bic fermenter and formulated swine wastewater were used for this study. No significant
effects were found on the biogas production and the chemical composition of anaerobic
effluent, when the copper loading was less than 100 mg Cu/L-d. When the copper loading
was over 200 mg Cu/L-d, the biogas production was reduced. The reduction of the biogas
productions at the second week were 86%, 73%, 67% and 61% that of control, as the
copper loading were 200, 400, 600 and 800 mg Cu/L-d, respectively. After the second
week, the reduction began to recover, but the recovery was lower with the higher copper
loading. The high loading of copper (above 600 mg Cu/L-d) significantly resulted in the
higher COD and BOD of the effluent. The copper concentration of effluent was getting
higher as the copper loading day increased. After 5 weeks of copper loading, the concen-
trations of copper in the effluent were 18, 32, 48 and 52 mg/L, respectively. During anaero-
bic fermentation, 91 ~93 % of influent copper was accumulated in the anaerobic sludge.
Hence, the disposal of the sludge with high content of copper needs further study.

Key words : Copper, Anaerobic treatment, Swine wastewater.
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