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B G RY R ER NP AR, R T R R BN ERRY ; F A R R R A, BB Y T R E SRR R
pH=4.5 > pH=5.0 > pH=5.5 > pH=6.0 > pH=6.5 > pH =6.8, 4 ¥ ##k G fI 10 3 1 7 (pH = 6. 8) 24h 48 % [ 28 1% 9 - BCFE fh L4
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Leaching toxicity and biotoxicity of waste residue from MoO, production under
simulated acid rain conditions
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Abstract: Physicochemical analysis, leaching toxicity test and biotoxicity tests were used to investigate the leaching toxicity and biotoxicity of waste
residues from MoO; production under simulated acid rain conditions. The results indicated that the content of Ni from the leachate exceeded the standards
and could be categorized as hazardous waste. The leachate had high acute toxicity toward Daphnia carinata. The acute toxicity of leachate on D. carinata
increased as the pH of the simulated acid rain decreased from pH 6.8 to 4.5. The lowest toxicity of leachate was at pH 6.8, where the LCyys after 24 h
and 48 h were 0. 3775% and 0. 2184% , respectively. Therefore, the waste residues from MoO; production should be disposed of safely to avoid
immersion or leaching of heavy metals during storage and transport, especially by acid rain. Otherwise, the leachate could pollute the nearby water and
soil and do great harm to the local environment and people’ s health.
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7K % ( Daphnia ) J& F H 72 490 R K B A1 25 1Y
WK AN, |1z #4043 T W 3% L0 e o, 2
KEBYHTHXBEY  EKEESRET AR
W BB A b AL (fT 7R O, 2000) . i Z E R
(Daphniidae) FEUFAEYX FRKIEF A EY R (E
&R RHGE) WBEUR, EMKERRS EEZ W
TN AK A7 0 RN TE 5 0 A 3 A4 fb oo 72
K B ARk B 2 I 0 A9 B AR A B (Adema,
1978 ; ik & 55,1989; EFERE, 1994; Rk i=t4&,
2004; Wu et al. 2007). B, B A 402 F45 Tk
BREERBEE LA EERRRER D (S
REE,1986; 155G 3E,1989) . AH 5% o 40038 i H Ak 43
W BEEESTMAEYEERRHES SN FE,
MREMHETHR N EENEYEE, BERNE
AGBE A 77 B O 3R BE 5 PR B TE iR EL R LR
KA.

2  ##5Fi%(Materials and methods)

2.1 SBRAMHK

LERAMEBRA SN EEREHESR
TN (R A =TEBEN), B, &
JE¥ERE . FE AW, BREE F it 100 B 437, A
“PUrEeT 4y LYy 10g B9 18 1 HERE &R
SRR GERKEFH.
2.2 REES2BEAEMN KRB ERN

K e R A& s A B AL H7  H H NiiZn, Cu,
Pb.Cd, Mo6 F4:J& % F PE5100 % J& 71 Uk St 154X
W (EE). el REFREOEIE NI E K. Ca,Na,
Mg & BE, BREXR(<EAT VWO >HS
/NG L1974 ) # B i K,0.Ca0,Na,0 MO H) & &.
AL O R FHIER DR 25 B 15 /€ ; Fe, O, R I E SR R 41 1
FE BT ZE 510, R F MR 2 RZE TR K E B € ;
PIBRERADEY 9S0C 4 2h FEEENE
(<EATYHIT >RHE/INH,1974). As Hg A%
B -2 & B -JR 7 9OR 6153 E . [ e, A
FD-3013B ZUE REALAMNE (v) B ( LB HER
PHECA BR A 7)) 0 78 B v B9 O (NS () ) %8 55t
&,
2.3 BHEBREEZR
2.3.1 BREBAHEAFEERE BRBGURHKGR
i B BN [F] pH. B B 75 W8, LA 400 5% 4 O ] b XK
S TR pH {8 (3 41 2£,2006) , 4Kk K 4.5.5.0,
5.5.6.0.6.5.6.8,A7& /K (pH =6.8) fEXI B (H

Imol-L™" NaOH 7). & Fh 8 BUFI § 3 4~ F47. B
10g Tl T 250mL {19 #E T2 , 3% B ¥ o & 712 4
FMRTR 1:10 in AR BOGH. BB ]k AR (110 =
10) %-min ', F THZ-82A XK EERE 4 (L
BERHEBEST 4 W) ) ik 8h, # 1L 16h.

BHWBEHEEEBIEAKTIE, HH 0. 45um
WAL R U85, T R 24 (5 A AT
HNO,#& 1 24h) , i BP I /€ &2 W /Y9 pH {H. R
TRBE 43 B 2 ), — 0 VR S BR , (754 & P Y pH
<2,ETUKAE 4C T, LB R 5 — 1
HEBOKAE T 4CHR 5, Y iR .
2.3.2 glwkELN KRERBFEHSFIAES
pH B S RNV R A5 B IR % pH i AR A €
ASCF B 5 0 AN (B AR & R W E 5K Ca,
Na,Mg. Al, Ni, Zn, Cu, Pb, Cd. Fe, Mn & & X H
WFX-110 J5i W% e ot 6 BE it (A6 5 5 F) 23 47 08
AIRAHE).
2.4 EYEHERR
2401 RBAEHEESF FLBRANERE
(Daphnia carinata ,Dc) Jy 2 24098 M A= %8 | 4546 1Y
BATEE A A Wk Ded2 ( Rk H%E,2004; Wu et al.
2007) ,EELBmELZZAIEFEH T AR, EXKA
20 ~25d I8 B Sk R IR 3 5] — BUORY S IR TR IR
H(20.0 £0.5)C . EBEAH K 14h-d™" LR K
1200 Ix FYFFEE T 43 35 ( Rk R %,2005; Wu Y G
et al. 2007). fE¥E MR, B 2. 4.2 T Hl &
BB IR KK 3 I, BB EEREHTKER
12,5 B B2 8 B 3% M2 57 & A} A= M 3 ( Scenedesmus
oblquus) Y4E W K &Y, B mL A 2.0 x 10° 4~ 3 41 ffy
(De Meester, 1993; & jk & &£, 2004; Wu et al.
2007). REE Hi 4 48h B4 E A T AW FE KR, &
A BE R B IR AR R TS W COK B W) % %
FK(RBIWE) 2T E ) (GB/T 13266-91)
Mt s% B #EAT.
2.4.2 REAAK KEBEEFHAKIETBIHA
BB K, KIEHN 23 ~24.0C,pH 5 8.0 ~8.2,H
R K 607pS-cm ™, i FIETH FEAHLIE AL DO >
8 mg-L7".

PRI VR R K KB W o i 28 (R &Y
) AR E 7)) (GB/T 13266-91) o fill B9 A
THBK, H pH H 7.8 0.2, H § KR 570
pwSeem ™', DO K 6.5mg-L~". fif PHS-3C 4§ % pH it
( L#PRERHMXAR A ) W pH, LA JPB-607 A 4
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E N T 28 %

T ( LR RS2 B Tl DO.

2.4.3 RB#FI  RBIEFMHETTIER KK R B
EEBPARREKEREN LI RER, Sxf H
iR, WA RBRKREREN0.1% 1% 5% .
10% .20% .50% .100% £ 7 Nk EHE, BB
2. 4.2 5 Hr G A A RE K BEAT # RE, LA B OK R Xt
A, NE 2 R A 48h /Y 4 3. & SCHR ( 1SO,
1989 ; 7k ik ,1989; Wu Y G et al. 2007 ) #4745
FHERR, 5 EERE 2 MPAT.

TE 250 A AR 478 004 1 24k 3R T VR P K
BRI TEL, fE R & 27 1 R R0 B Bk £ 3
FeIRAR o B Z 1), B 5 TE =X 3K 50 VA R A Wk B X JH]
RIGHEX BRI BER E 6 & 45 % (0. 1% .
0.18% .0.32% .0.56% 1% \1.8% .3.2% ) } %} F&
HONLWBEAK) (JKIK,1989). Kk FH# R
KR, AR LA S PAT.

il # 15 0 1E Sl B 3 7 (20 £ 1) C A9 1E IR 3
BT, LR PR A E BONE S (L
) Kol BV B R B (LR ) 42 4l
FENAHIBER 65% +5% £, LhE L5 E R
2.4.4 FZEAERSFHKLC, WM KRBREHN
215 VE IR T B9 — YAk 100mL 2R ER K A , 1o 36 Bt 72
AR AP R VA W 40mL, F B 3 IR A A AL IR R 10
R B A5 2 8% N, ol 56 30 1) R R R4, 1
RG-S HEMIEIFAHR. KERIET LA TTAKIE,
IR IR A TOATART SR ” R BE T W b E (SR K 52 5%,
2005; Wu Y G et al. 2007) , X% FF 44 J5 §f 12h FE 3%
SEWLEE , SR J5 7E 24h 48h [ 96h Xf X 5 & 1Y A7 15 1F
BLFEATIE .

2.4.5 HEHITEH oM WIEKERILTEHKLIE
T[] ] I AL % {6 ¥ (probit method ) (F %¢3%,
2000) >k 75 24h 48h .96 h 1y LC,, 18, b FH & KSR
(maximum likelihood ) f 18 T J5 1 Xt 3 97 1R T 4 %%
N2 A W 20 B S L B ) ST B 3 X L S Bk
Fr 800G, X B 19 & it (8] Bt i 2 g [ )5 05 B AT R O7
B (RAKRE,2005; Wu Y G, et al. 2007). R
4 848 43 >R A DPS2000 4t i 73 4 B A2 (7 Ja X
&5,2002) #E4T.

3 Z R (Results)

3.1 ARHEFRETEERENER AN
Fh T SR o B 2 TR B e TSR (3R 1) AT,
PR H & A NiCd Al Pb 855 —RIFIFITHLH), Mn,

Cu M Zn 5555 2RI, o] GBS T8 i 72 35
BEI5 Y. ST Ky (MoS, ) ¥ il BR ¥4 it J& T R 3% 1 v %
F-EBNBEMPLBRESR, RN KERE —EHN
TS D (y) AR B R 0.21pSv-h ™', FEK
BEOXAL BT EMNTR ISR ER LK
B MR TR K AR A, X 2 R 5 A R A K
BT E TS 4. b, = S 40 50 A 7= HE B R R AT
RERL A B 1912 B M AR 19 AR W) Bk
R1 REERHASHER

Table 1  Analytical results of the main metallic components in waste

residue

5% S B4y 5y Uikgigd
Si0, 39.12% Ni 1.34%
Al, 0, 8.63% Zn 0.25%
Fe, 0, 15.81% Cu 0.11%

Ca0 12.42% Pb 0.072%
MgO 0.85% Cd 0.004%
MnO 0.045% Mo 0.003%

K,0 1.56% As 0.0005%
Na, 0 0.072% Hg 0.0007%
s fik 18.89%

3.2 AEBWAHNRZEAFYLERERERR

W%

B 18R T AF R E#&EBER Cu,Ni,Zn,
Mn . Fe.Pb.Cd B30, IBA A1 f5 2 B2
FA B —3(, 5 Pb SRR 6 FhOT R B R E R ERERR
T R B Y /N T PR AEG, P % B o R B U A R, BB TR B
W BT X ULE, R P B TR,
HRo6MERGE TR . ERESF(1989) #F
5 THREGH pH XU Y B E £ /& (Cu.Zn Mn,
Cd) By ma , 32 18 158 4 (2006 ) A 58 T % BR & 18
Mn.Cd & B, W SRR GE R LM B 1c.1d
BN, REJE pHEKNZEASGIE Zn F1 Mn Ji 2K
BE R ARk

HH & 2 mTAT, R [R) BR WX 32 A pH B K
SR, UL B AR A B BRI R R R B
i 6 MR I pH EE P AE 4. 16 4 (bRl 2=
4 0.06).
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Fig. 2 The effect of different pH of simulated acid rain on the pH

of leachate
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Fig. 1 The effect of different pH simulated acid rain on concentrations of metals released from waste residue
e 3.3 GG R R WP B TR A A IR
- I A o
4400 oiRAH 8 REF A7
435
a3 BRI 4R (% 2) S A M E S R R 5
z 1207 B8 (e 1) A H BT A2 3L, BEE S T Zn M,
sosf Ni B & b B, o BB Zn B Mn RO Ni
100 28.8% \17.0% \16.3% , 3B o] Vi k4 B 19 & B 4
390 : : : : ' H& Cd7.65% .Cu2.0% Fe 1.5% Pb 0.36% . H

H AZE A K AR S 3B TR B0 98 R R N R R R
218.993 mg- L', M id  fE R B W 2 Bl bR vE—— 32 1)
M%) (GBS5085. 3-2007 ) L& B {8 (Smg- L")
40 %, [FImE Ni f1 Cd B9 BR B B 3 (15 Kk 54 HE
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% %

28 %

R E) (GB 8978-1996 ) HLAE Y 25 — 15 Je W) e
FEVFHERL R BE 200 A5 A0 3 £%, Mn, Cu I Zn B9 R &
WA (5K & HEObR ) (GB 8978-1996) — %
PRAERY 3 5.4 1536 5. AR 35 (2 K R W 4 5 AR
HE——R ML) ", = A AL A7 HERCY

FERATAERY, H UL, %5 75 77 2
WP EZEAL R, B L& R K B E A
JRATS G B 7K (AR 398, X 7k A= A W AR AR 4 LA
VINLN 3 3 EinE

R2 EERUBTIZESRETRURERBRERIN

Table 2 Concentrations of the main metals released from waste residue versus pollutant regulatory limits

W& it e B Bl B H—K15 - 75 7K kT -

BHE iR/ i/ hER, k% HEEY/ Efﬂﬁﬁ@ m%m{g‘a/%—%%*% PR B/ kgl

(107'g-g™") (mg-L™") (107" mg-g™") (mg-L7") MR (mg-L7") I (mg-L7h) b
Zn 25.00 72.15 7.22 28.86% 100. 00 - - - 2.00 36.07
Fe 1105.75 81.34 8.13 0.74% - - - - - -
Ni 134.00 218.99 21.90 16.34% 5.00 43.80 1.00 218.99 - -
Cu 11.00 2.09 0.21 1.90% 100. 00 - - - 0.50 4.18
Cd 0.40 0.31 0.03 7.65% 1.00 - 0.10 3.06 - -
Pb 7.20 0.26 0.03 0.36% 5.00 - 1.00 - - -
Mn 3.49 5.94 0.59 17.04 % - - - - 2.00 2.97

T - O S B8 152 1 2 0 s o —— 52 o B 22591 ) ( GBS085. 3-2007 ) ML RE BUME ;@ — e K T AR AR SR LE AR SR AR o vh R AE ML E 5 ® 5 7K &5
£ HETHORR BB (58 — 2895 e Wy doe s Fe VP HE O BE ) 5 @ 95 7K S5 4 HIETHORR Ml BRMEL ( — AR VR ) -

3.4 FARBRWAHAAMHEET REWE YK £
MEENY W
ARIE PR W R SR B BOEAE A, LA R R
TER R — A2 I 8] )5 4 B0 B8 T R A B R i R
WS K IR B AT A B R/ R RALRAE IR RS
24h.48h 96h K LCs, 18 3 15 B 4H 5L 19 3 J [0 15 07 72
(3R 3) s L i e R AR AR B9 48 3 7 1 3% 3 ) 1R AR 7 %

K TR ¥ SN L 9] =2 18] B9 5% AR ST 8 R AU O
X HS BTG , I X P15 £ e B A 2 5
FRBTRITRE . GRERY, ProRE S B IH L&
JRIR A R 8 R X B R IR Y B AR A R B 18
. EYREFEEXRRN, RER HBA &R
AW, K AEEYAR R EEM.

R3 TEARWHRGMNRHENELZNHIEER

Table 3 The mortality of D. carinata in the leachate from different acid rain conditions

BRW pH{HE  BfB/h LCs0 95% A7 X & 7 18 )4 75 R WA BERIE
4.5 24 0.0779% 0.0001% ~0.2267% y =6.1139 +1.0049x 0.7437 6.3024
48 0.0031% - y=7.1797 +0. 8666x 0.3835 2.9028
96 - - - - -
5.0 24 0.0554% 0.0000 ~0. 1768 % y =6.4288 +1.1370x 0.7649 6.1504
48 1.5934% - y=7.1797 +0. 8666x 0.3835 2.9028
96 - - - - -
5.5 24 0.1701% 0.0000 ~0.4881% y=5.5187 +0. 6742x 0.6242 5.9474
48 0.0149% - y =6.1782 +0. 6450x 0.1749 10. 4807
96 - - - - -
6.0 24 0.2778% 0.1294% ~0.4279% y =6.1020 +1.9813x 0.8989 4.1899
48 0.1381% 0.0218% ~0.2503% y=7.2232 +2.5855x 0.9662 1.0592
96 - - - - -
6.5 24 0.4176% 0.0623% ~0.7947% y =6.3210 +3.4831x 0.8095 19.977
48 0.1272% 0.0164% ~0.2541% y =6.4657 +1.6370x 0.6246 11.9959
96 - - - - -
6.8 24 0.3775% 0.2392% ~0.5109% y =6.3477 +3.1852x 0.9667 4.0532
48 0.2184% 0.0855% ~0.3172% y =8.0187 +4.5680x 0.892 3.1648
96 0.0590% - y=9.1308 +3.3610x 0.8939 0.4972

QO —FRR EHE SRR, A, R, QB IEET B y=a+bah, y HRAEWHMNXN FYWRE » 8992 L6, B
LCso,x A REYWEE ,a A b i3 55 KA SR bR 5038 3 77 ¥ (Maximum likelihood ) $RA8: i) % 25 49y o BE 1 32 458 A= 9y 2L 38 S 7 L ) =2 6D [ 4 A6 284 iy i
2%
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&l 3 BN, 12 K 24 .48h XL IR AY LC,, BERR
W BR B A /N T 8, 5 R 8 B AL S B (B
DA XEH BWRERL, BHNERE
(Pb BRI FRE U BE B, A2 4 3 A GR . R LER T
MEEEAE TR EBENEETLE —EN
.

0.45% -
0.40%
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Fig. 3  The effect of different pH of simulated acid rain on

biotoxicity of leachate

4 4518 ( Conclusions)

1) =8 A =HB MR ES &F Ni.Cd
Pb S5 — KB e ¥ K Mn, Cu. Zn 555 K
B3y, FeBA —ERBE, TRREAER
¥ B BRI AR

2) ANFRRE RN (BIERT ) X2 Y pH
FMA KR B E BB CuNi.Zn Mn Fe Cd % 6 F
JUER Y T B ViR FEE I R T R JRE /0N T R AR, T Pb Y
Jo B vk B D) e R B v /N T B . R AT Zn,
Mn.Ni B & B8 &, & & Zn, B Mn A1 Ni §9
28.86% .17.04% 16.34% , BB R 5 k4 8 W BA A
84 H K Cd7.65% .Cu 1.90% .Fe 0. 74% . Pb
0.36% . . LAZE 1B /K AR o B U B8 1B Ni 1Y
JREWE HF 218.99 mg-L .

3) ZEACHE A T HEBOR BB B W K A A
YWEEBGRMAEYFEERN. ARRERRENTE
HRAEYEFEEHRBREHIKK A pH=4.5 > pH =
5.0 > pH=5.5 > pH=6.0 > pH=6.5 > pH=
6.8, 4 W) 5 M AR A9 2 3 W (pH = 6. 8)24h (48h X}
B 2% 8 Y 2 B B8 1R R 43 %0 LGy, 43 51 A 0. 3775%
0.2184% .

REEEEN AR, BLE AR, ZENEHXHF
BEGGRESNETENHFFRAIE RRIX2K.E-
mail; ygwu72@ 126. com.
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