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Abstract

The pollution of Acid Mine Drainage has become the worldwide severely harm.
neutralization method. wetland method and microbiological method are the most
commonly used method to process Acid Mine Drainage, and some other processing
methods are suitable auxiliary.Recent years, the study on processing methods and the
crafts, which have better selectivity, and the processing effect, has been growing day
by day.S” has smaller solubility with each kind of heavy metal ion, which makes it
has better capability to process acidic waste water. Therefore, It is widely used for the
Acid Mine Drainage s processing and the recycle of noble and heavy metal.

It processed waste water by the improvement Sulfide precipitation process.
simulative heavy metal waste water and the Dession copper drainage was processed
by the ateration of vulcanizing agent, specimen handling way, process time, and then
determined the remaining ion content with ICP and recycled the waste water of the
Dession copper.

The main conclusions as follows:

(1)Based on the effect of the multi-skill heavy metal waste water's processing,
the hydrogen sulfide aeration method has better processing effect comparing with the
sodium sulfide precipitation method. It can achieve better processing effect, only
needing pass over equal to 1.0 time of chemical equivalent HS, the elimination rate
of Cu”, Pb*, the Cr* is 93.85%, 86.45%, 93.75%. Recombining two sections of
neutral processing, other heavy metal ion can achieve the designated standard.

(2)By the way of the H,S aeration method - lime precipitation craft, it is able to
remove the heavy meta ion of the Dession copper Acid Mine Drainage effectively,
realizing the waste water cleaning treatment. Less this craft has the, faster speed of
deposition, lower cost is the craft’ s advantages. Taking H.S as the precipitating agent,
it is easy to realize the CU** selective precipitation and the recycling, its elimination
rate reaches 99.341%, the recycling slime copper factor achieves about 45%, the
moisture content is low, and the method has economic value.

(3)Comparing the method of the depositing copper Acid Mine Drainage 's heavy
metal ion by the metabolite of sulfate reducing bacteria with the neutralization method
and the sulphuration process, method of sulfate bio-reduction produces the
precipitation quicker, and the subsidence effect is better. The raw material of the
sulfate bio-reduction process is widespread, and sulfate reducing bacteria is easy to



raise, it also uses the organic matter of other organic sewages to fermentation,
achieving use waste control waste, and save the cost greatly. The method of
processing heavy metal sewage has great application potential. This research has
proved that the method used for processing Cuw**, Fe**, Zr**, N¥*, Po™ Cr** of the
copper Acid Mine Drainage got better effect, the elimination rate is. 99.58%th,
80.77%, 98.22%, 98.89%, 99.96%, 99.68%, and it has the industridization
application prospect.

Obvioudly, with designing the right technical process and the parameters, and in
accordance with the character of the method, the improvement curing neutra
precipitation method can process the copper Acid Mine Drainage to designated
standard. Therefore it has great application prospect.

Key words: Sulfide precipitation Aerate, Copper Acid Mine Drainage, Sulfate
reducing bacteria, Wastewater Treatment
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3.1.1
(VISTA-MPAICP-OEYS) , 3-1.
——» ——Pp
i'ﬂ Hes
Na2s ><] ——P I s
3-1H,S
—» —
cu
[><] ICP
3-2 Ng,S
3.1.2
(1) NaS80.5 1L : 200 ml
HCI10ml 190m 0

Na,S+2HCl %% 2NaCl+ H.,S-
(2) HCI (36—~38%,)
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: HCI
(3)
1)  400ml
2)  200ml

3) H,S ,

14ml. 18ml. 20ml.

4)

16mil.

5) , pH

6) .

7) H,S

(4)

1) 0.82gNaS

2)  400ml

3)

1.4 Na,S.
NaS :

100ml

4)
5) NaS

3.1.3

@

NaS

HCI .

0.7. 0.8. 0.9. 1.0

ICP

H,S
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[80] .
%)) (64
£ > GB8978-96  3-1 , CU". Zre', Cr'. Ni#t .
Pb?* 3-1¢ cr*., Ni#* . Pb*
)P
3-1 Cu*. Zn?*. Cr**. Cd?* : mg/L
mg/L mg/L mg/L
Cu** 0.5 1.0 2.0 ICP
Zn?* 2.0 5.0 5.0 ICP
Ni2* 1.0 ICP
Pb2* 1.0 ICP
Crs* 1.5 ICP
©)
. 381miITI, 52.6 /mm, 165—1000nm;
Ar( 99.9% )e 3-2 .
3-21CP-OES
uv VIS
W /L.min? /Pa /L.min? /t.min? Is /s
1150 15 25 0.5 100 20 15
(4)
ICP-OES .
(BEC) )
3'30
3-3
(nm) (Mg L)
Cu** 213.598 0.999992 0.832
Zn?* 206.2 0.999391 2.41
Pb%* 220.353 0.999852 2.42
Cr3+ 206.550 0.999788 2.19
5)
CU.

Zrt*, Pb*, Cr* .
. 3-4.
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3-4 { : mg/L}
Cu?t 0.0 0.6 1.2 1.8 2.4
Zn%* 0.0 0.4 0.6 0.8 1.0
P2+ 0.0 0.4 0.6 0.8 1.0
Cr3* 0.0 0.4 0.6 0.8 1.0
3.1.4
: ( ) (
3 VISTA-MPXICP-OES . D60-20
. BS101 . pHS-3C pH .
: CuCl.2H,0. CrCL.6H,0. ZnNO;.6H,0.
(NO.J , e
. HClL. NaS.9H,0 . o
3.2
CuCl.2H,0. CrCL.6H,0. ZnNO,.6H,0. Pb(NO,),
, 20mg/L.
400ml, pH 3.28, .
pH ,
, pH
. pH.
pH! =] L]
3.2.1 Na,S
(@)
L] Nazs L] L]
pH ; NaS : Na,S ,

0.6. 08. 1.0. 1.2. 14 s
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5.08mg/L,

2

14 |
“ r v,
— L
J13)
glz o —&—Cr
— 11-— —®—Cu
L —4A—pp
YT . —w—27n
o L \
s |-
7 \
6 |
5 \
L \
3
2 1 . 1 . 1 1 1
0.6 0.8 1.0 1.2 1.4
3-3
90
85 |

L%

o

80:— ./

65 X —&—Cr
60 L —®—Cu
r = —&A—Ppb
S e— —%—7n
50 |-
a5 |
40 =
35 |
80 -_ 1 N 1 1 1 1
0.6 0.8 1.0 1.2 1.4
3-4
©)
33~ 34 : NaS :
, NaS 0.6—1.0 : :
1.0 cu”
3.58mg/L., 82.10%, 70%
1.0
1.2 . Zr .
74.60%, 80%
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P>, Cr* 3.07mg/L. 3.11mg/L. 3.58 mg/L.
NaS 1.4 , Zrt'. Cr* . Zrf,
Cl", P . 412 mg/L. 2.95 mg/L. 2.93 mg/L. 3.01 mg/L,
. Cu*. Pb* s
, 14 o
, . NaS
3.2.2 HS
(D) H.S
1)
, H,S , H,S
: H,S . 0.7. 0.8. 09. 10
, H,S . 35~ 36,
2)
12
g 11 |
2 10 N —=—Cr
—&—_Cu
= 9k —A—pb
8 [ —W%—2Zn
7
0
6
T \
4 =
°r \-
5
1 1 1 L 1
0.70 0.75 0.80 0.85 0.90 0.95 1.00
3-5HCL
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F /
85 |- u

80 |-

v
75 hd
0 L /A

65 |-

%)

[

60 |-

> —w—2n
50
45 -

40 1 . 1 . 1 . 1 . 1 . 1 . 1

i

0.70 0.75 0.80 0.85 0.90 0.95 1.00
3-6 HCL
3)
3-5— 36 , H,S : H,S
H,S 08 ., Cw ,
. 50%~70% . 2t 53.40%. Cu**
4.92mgL, 75.4%,
, Cu* (- pKsp(CuS) =36.1), s* cu’
H,S 0.9 . Cu”*. Pb*. Cr*
, CU*. P, Cr* 3.31mg/L. 3.58mg/L.
3.16 mg/L, 83.45%. 82.10%. 84.20%:- Z
. 6.25mg/L, ¢ "y
, , ’ nS
10 , 2 .
4.08mgl/L, 79.60%, Cu"*. Pb*. Cr*
90.30%. 85.30%. 91.25%. 1.94mg/L. 2.94mg/L. 1.75 mg/L-
H,S 1.0 ,
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NaS

1.2 1.4 : H,S
, : 10
H2S ] HZS ) .
(2 H,S
1)
H,S : H,S :
0.7. 0.8. 09. 1.0 , 37— 38
2)
= 10
Sn ol ¥
= N \ —&8—Cr
b —e@— Cu
7 - - —&—PpPph
-t ‘ \ —V—Zn
N \.
4 |- e
3 |
2 |-
‘L 1 1 1 1 1 1 ‘I
0.70 0.75 0.80 0.85 0.90 0.95 1.00
3-7HCL
T / /v/cr
70 | x-%z/ —e—cCuy
—&A—Pb
-} / -




3)
37— 3-8 :
: 5 H,S 0.8 , Pb* 70.8%,
cr* 76.65%.  H,S 0.9 :
, P 84.95%, Cr** 82.45%, Cu** 84.85%,
A 70% : 5
1.0 , 2 : 1.96mgl/L,
90.18%, Cu*, Po™, Cr* 93.85%. 86.45%.
93.75%, 1.23mg/L. 2.71mg/L. 1.25 mg/L.
L] st L]
3.2.3
L L) 25
: 10 (
)! L] a L]
: R{R=M /M, 7,
: 87.80%, 35~ 37
, , 25% ,
3-5 Cu (mg)
Cu
1 2.214 mg 27.68%
2 3.244 mg 40.55%
3 4.532 mg 56.65%
4 5.622 mg 70.28%
5 6.127 mg 76.59%
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36 Cu (mg)
Cu
1 3.24mg 40.50%
2 4.169mg 52.11%
3 5.288mg 65.85%
4 6.208 mg 75.25%
37 Cu (mg)
Cu
1 3.972 mg 49.65%
2 5.032 mg 62. 89%
3 5. 762mg 72.03%
4 7.024 mg 87.80%
3.2.4
: pH 6.5—7.0. .
, Zré*. Cr*Ccutt, Pp* 3-8~ 3-10.
3-8 mg/L J
Cu2+ Pb2+ Zn2+ Cr3+
1 0.042 0.089 0.332 0.035
2 0.055 0.132 0.252 0.032
3 0.059 0.092 0.363 0.043
4 0.064 0.083 0.204 0.047
5 0.034 0.137 0.158 0.066
3-9 mg/L !
cuw?t Pb?* n?* Cr3*
1 0.036 0.084 0.341 0.040
2 0.045 0.114 0.278 0.033
3 0.059 0.093 0.301 0.031
4 0.057 0.072 0.259 0.053
3-10 mg/L !
cuw?t Pb?* n?* Cr3*
1 0.032 0.099 0.322 0.038
2 0.065 0.122 0.352 0.042
3 0.049 0.102 0.263 0.033
4 0.054 0.081 0.224 0.059
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@

) : H,S
(3)

87.80% , 25% ,

(4)pH - pH
. : pH

. 95%
) .
., CU#'. Pb*, Cr

93.85%. 86.45%. 93.75%:

1 hl L=

(6) H,S ;
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4
4.1
4.1.1 3-1, 3-2-
)
ICP-OES ,
(BEC) 41,
4-1
(nm) (Mg /L)
et 206.2 0.999875 245
(ol 224,700 0.999987 1.785
NP 221.648 0.999913 220
o 267.716 0.999789 219
Fet 239.563 0.999989 116
P 217.00 0.99994 257
@
, 41 , CP'. CW&. Zr*'. NP Po?
4-2,
42 {mg/L
1 2 3 4
(ol 0.6 12 18 24
e 04 0.6 0.8 10
NP 04 0.6 0.8 10
P 04 0.6 0.8 10
o 04 0.6 0.8 10
Fe 20 40 80 160
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4.1.2
4.2
; ICP ,
4-3;
4-3 (mglL)
Cuw?* Zn**  Pb** Ni#* Cr¥* TFe Cd?*
tmg/L} 20.67 7.851 1.386 7.071 0.183 242.76 0.071
4-3 . . 3-1
; Crer . Cw*. Zret. Pb*. Niz, Cad?
4.2.1 Na,S
)
400ml . . NaS
: NaS .
06. 08. 10. 1.2. 14 ,
5-1.
)
4-4 NaS
{mg/L} cu? Ni2* Zn? Pb?* Cre+ Fe?
Na,S 0o
0 20.67 7.071 7.851 1.386 0.183 242.76
0.6 14.627 7.049 7.687 1.376 0.143 241.53
0.8 12.301 7.021 7.623 1.364 0.121 240.23
1.0 4.657 6.982 7.394 1.353 0.096 239.58
1.2 3.451 6.813 6.932 1.342 0.084 236.54
1.4 2.227 6.679 6.924 1.327 0.079 235.21
©)

32



4-4 , NaS
1.0 . Cw" . Ccr*
80% . 50%-
1.4 , CU
90%, NaS . cu*
. Ni?*, Pb*., Zrf*
Ni#*. Zré* . s
L] L] pH L]
0.6 1.4 .
7.751mg/L 6.6mg/L 6.9mg/L,
Pb2+
: NaS
PAM . .
: NaS
4.2.2 HZS
(1) H,S
1)
H,S .
: ( 1500~30017,
0.7. 0.8. 09. 10
10ml. 20ml. 30ml. 40ml-
4-2.

2)

33

. 0.6—0.8 ,
cu” 40% .
2.227mg/L,
R Cr3+
NiS. ZnS ,
N, zZnt* .
7.049mg/L
1% 2% 7%  11%,
14 .
, . PAC
NaS
NaS
H,S , H,S
H,S ,
. HCI
. 4-1—



20 °\ —m—cCr
| —®—cCu
—&— N
g 15 —w—FPb
g; —e—7Zn
| A A \i
% M - ~I M
HCl (nl)
4-1 HCI [ )
100 [~ cr /.—.
—~ r —@—Cu
= g0 —A— N
~ | —%—Pb b
——2Zn
20 -_ /‘j:
O ._ . /
HC I (nl)
4-2 HCl { J
3)
4-1~ 4-2 : HCI 10ml
Cuw*. Zr**. NP?*. Po™. Cr** 17mg/L. 7mg/L. 7mg/L. 1.3mg/L.
0.18 mg/L., 14%. 1%. 1%. 6%. 6%, ;
’ st 1
. HCI 10ml . cu” ,
HCI 20ml , C»* 75.28%, 5mg/L, Ni**.
Zre', Po*. Cr 6.658mg/L. 7.658 mg/L. 1.23 mg/L. 0.178 mg/L.
Pb2+
4% . s HCI 30m , Cu*
. cu* 99.16%.
HCI, 40ml cr*. Pp** .

: 0.17mg/L. 0.8mg/L, N, Zr?*



, 22.82%. 33.06%- » Nis

MS(s)+2H"(aq) U M* (aq) + H,S(a0)
K3, (MS)

e T KR OKE(HS)
4-1) . -pKsp(NiS)=18.5, - pKsp (ZnS) =24.7,
Ni. Zn , ,
(2H,S
1)
, . 0.7
10s, ,
; H,S 0.7 40s,
3s . 3s. H,S
46s. 51s. 58s. ,
2)
25
- - —&—Cr
20r \, IEF

10

HCl (nl)
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100 | —m c o—o
-~ —e®—_Cu v
= —aA— N
- for —w—pPb
——2Zzn
“f / -
-_ /____A
HC I (ml)
4-4 HCI ( )
3)
4-3~ 4-4 »  HCI
20ml  Cr*. Pp* 11%. 7.65%. HCI 30m ., Pb*
62.20%. Cr* 15%, HCI 40ml
, NP, Zr?? 86.91%. 81.81%: .
] st E]
4.2.3
TFe . 250mg/L, Fe* $* \ s
Fe?', FeS , o9l

2Fe*+3S*=S" +2FeS

FeS & pH , F&' & FesS,

Fe?*+S* %) FeS™
Ksp=[Fe*'][S* ]=6.3" 10 (4-2)

Fe* OH , & H
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Cs

C=C.-Cs

pH

my/C)

Fe

Fe?*+nOH" ¥ Fe(OH)n 2 (4-3)
bOH_ =[Fe(O H), ™ /[Fe’* ][OH ]’ {4-4)
n=1. 2. 3. --:m
S +H' Y@ HS  b,,=1Ka, (4-5)
HS+H+'?Z4@ st l:%42::|-/KalKaz (4'6:'
K&P=[Fe][ ] =KSp>a,c, o) Bish)
a(F82+,OH) :1+b10H >{OH_]+|— L + b4OH >{OH_]4
agy =1tby, fH T+h,, {H']?
i Cre : C
, Cs=Cee ,
Fe? .
C=K P o o) By 1/2 (4-7)
Cs >C,, .
C=K Sp >a(Fe,OH)a(s,,H)/(Cs'C(:u ) (4' 8:'
Cs<Cr Fe™* :
(4-9)
(4-6). (4-7). (4-8) H,S
C pH . pH , Fe 3 .
4 FeS , pH 7 Fe? .
250 \- —8— Fe
245
240
235
230
220
HC I (ml)
4-5Fe HC f )
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14

12

10

(%)

Fe

255

250

my/C)

245

240

235

Fe

230

(%)

Fe

—=—Fe| /
0 10 20 30 I 40
HCI (nl)
4-6 Fe HCI i )
\ :
-\




4-5— 4-8 : Fe
: 10% : .
, pH ,
\ pH  65—75 . Fe
. NaOH .
pH 6.5~7.0, \ %B5% .
10mg/Ls N'*, zZn** , Zrt*Y, Cr* Cu, Po™ 4-5~ 4-6.
4-5 mg/L J
Fe* cuw?* Ni2* Pb?* n* Cr3*
1 4.891 0.072 0.398 0.199 0.422 0.0684
2 5.759 0.035 0.427 0.222 0.352 0.0716
3 4.392 0.049 0.382 0.192 0.363 0.0632
4 3.408 0.024 0.424 0.157 0.558 0.0659
4-6 mg/L ¢ !
Fe* cuw?* Ni2* Pb?* n* Cr3*
1 5.86 0.084 0.484 0.0968 0.543 0.0468
2 4.52 0.042 0.321 0.172 0.368 0.0521
3 5.42 0.029 0.584 0.154 0.443 0.0641
4 3.94 0.032 0.321 0.141 0.327 0.0296
4.2.4
, 10 ( )s
4-7~4-8 : : R
(R=M /M J 85% :

. 45% . o
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4-7 Cu
HCI (ml) Cu (mg) (%)
1 10 0.818 10.19
2 20 5.01 62.62
3 30 6.66 83.19
4 40 6.84 85.46
4-8 Cu
HCI (ml) Cu (mg) (%)
1 10 0.843 10.53
2 20 5121 63.84
3 30 6.61 82.29
4 40 6.775 84.54
4.3
) : .
, Cu* .  Fe" .
) ;
., pH : Cu* Cu(OH)" pC ,
., pH7-11 ., C@ Cu(OH),
,  pH : Cu(OH), Cu(OH)* Cu(OH),>
. H,S : : CWw, Cw'
Fe’ cu* .
3 H,S : H,S
, Cu*™ N, zrn** 99.34%. 81.81%. 86.91%,
(4 HS —
, Zrt, Cr* Cu*. Pb* 95% ° '
, . H,S ol
: . 45% : : o



) SRB
(_ Sulfate-reducing bacterium, SRB. :
11 . 40 (82, .
SRB
SRB, ;
5.1
5.1.1
1)
)
: K,HPO, 3H,00.5¢g. CaCl,; 2H,00.1g. MgSO,: 7H,02.0g.
FeSO, 7H,00.5g. NH,CI1.0g. NaCl1.0g. 1.0g. 5.0g.
1000mL,  20% NaOH pH 7.0~75 - 1210, 0.1 MPa
20 min, 5

20g °
©)
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5 SRB
5.1.2
(1)SRB (83]
1g:10ml . 1:10
, ., 350 7d- ,
; SRB ;
(2)SRB
1)Hungate®!
Fe(NH,),(SO,), 6H20 ,
4.5ml, = 12101 20min.
; . 500
15-20min. 2.5ml 0.5ml . 1
, , 1 0.5ml 2 ,
1 30s: .
10*, 10% 10° 10* °
2)
350 . . o
3)
Fe(NH,),(SO,), 6H20 ,
4.5ml, « 12101 20min.
4)
1-3 . SRB 0
(3)SRB
1)SRB
2)SRB . o, (8]
€ Pt
(5) [86,87]

NaSO,. NaSO,. NaS0O,

S
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. . , pH7.5, 350
PbAc H,S .
(6)SRB
, 1:2 (.
. SRB  S0,* S
{ICP) .
5.1.3
3-1. 3-2.
1
|CP-OES .
(BEC) )
4-3,
5-1
(nm) (Mg/ L)
Cr3* 267.716 0. 999975 2. 19
Cu?t 327.395 0. 999993 1. 785
NiZ* 231.604 0. 999013 2. 20
Fe** 238.204 0. 999013 1. 16
Pb2* 220.353 0. 999013 2. 57
Zn%* 213.857 0. 99987 2. 45
(2

5' 2o

5



5 SRB
5-2 {mg/L}
1 2 3 4
Cr3+ 0.4 0.6 0.8 1.0
Cu?* 0.6 0.8 1.2 14
Ni2* 0.4 0.6 0.8 1.0
Pb2* 0.4 0.6 0.8 1.0
Fe?* 5 10 20 40
Zn?* 0.4 0.6 0.8 1.0
5.1.4
VISTA-MPXICP-OES . PYX-DHS
44mm (
)~ . BS101S . pHS-3C pH
52
5.2.1
SRB, SRBI. SRB2. SRB3. SRB4, 4
5-3.
5-3 SRB
SRB1 1.0mm
SRB2 0.2mm '
SRB3 0.2mm
SRB4 0.5mm :
5.2.2
4 SRB 5-4, 4 SRB



5 SRB
54 SRB
SRB1 0.5-0.6*2.6-3.1um
SRB2 0.5-0.6*4.0-4.2um ,
SRB3 0.5-0.6*2.1-2.6um
SRB4 0.5*1.9-2.1um
5.2.3 0,
<€ >, SRB
. . 4 SRB (
, 4 SRB ,
: 4 SRB 0, .
5.2.4
5-5 . 4 SRB
HZS’ a
55 SRB
Na,SO, Na,S,0, Na, S0,
SRB1 + + -
SRB2 + + R
SRB3 + + -
SRB4 + + -
5.2.5 4
< >[88] “ ”
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5 SRB
o A, B « A
, B . 1984 4 > o
" 9 . Desulfuromonas .
H,S 7 o . 4 A
14, 4 .
\ . ( Desulfovibrio)
, SRB Desulfovibrio sp.. 4 SRB
5.2.6 SRB
1)
: 2.0
~N V.
g 1.8 —3—Cr
1.6 —®—Cu
= —&—Pb
1.4 —W—7Zn
1.2
1.0
0.8 A
0.6 \
.
0.4
0.2 =\.T \v
0.0 A A y —— T T ——f——————ua
3 6 9 12 15 1(8 hjZl 24 27 30
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= 100 = A—A A—— = —d&
— i =;"4' v
98 /
i v —®—Cr
96 —®—Cu
—4A—Pb
i —W¥—Zn
94 |-
92 |-
. /'
90 |
o s s s e a1 a0
5-2
5-1~-5-2 : . Cr'. Pb*. zn**
0.306mg/L. 0.243mg/L. 0.02mg/L. 1.9mg/L, Cu&* . Cr. Pb*, Zr*'

3.8,
; SRB
6h

0.268mg/L. 0.233mg/L. 0.01mg/L. 1.79mg/L.

. SRB

Zrt*
12h~30h ,

, CU',
98.87%,

)

98.47%. 98. 78%.
9%. 3
pH

o

%5h ,

Pb2+

. Cr', Po*. Zn*

SRB

, CU'. Cr, Pb™,

0.007mg/L. 0.224mg/L. 0.007mg/L. 0.86mg/L.

; cu”
Cr*. Pb*. Zn**

pH ,

99.86%. 99.85%. 99.97%.
. 0.029mg/L. 0.031mg/L. 0.005mg/L. 0.225mgL,




SRB

mg/L)

(

% 3

(

20

18

16

14

12

10

mg/1]

[

Fe

- A\\\\ —=—Cr
B —@®— N
L —&—Cu
- —w%—Pb
F e ——17zn
| \ \A
B L J
- \\\\:K\‘ﬁo
- —e—__
- == i i k k k L L -
0 3 6 9 12 15 18 21 24 27 30
hl
5-3
110
100 v v v v v v
90_— /-/- u
80 [ /-
- -
70
60 /
- /./
50 | ___—e
L g —=—Cr
40 / ® N i
30'_ —&—cCu
L —W%—Pb
20 | ./ ——2zn
10 |
0- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 3 6 9 12 15 18 21 24 27 30
C hl
5-4
250 |-
—8—Fe
200 |
150 |-
100
I\
50 ]
P R N R N R S R S B |
3 6 9 12 15 18 21 24 27 30
L hl
5-5 Fe*




90
= e[ .
e 70 L
60 -
T —=—Fe
20
© > - /.
o 20
o [ /
o L o
’ ’ i T S T
5-6 Fe?*
5-3~ 56 . sh , Pb. Cr .
98.34%. 74.62%, 10% . SRB pH
6.5~7.5, » SRB pH . pH 30 .
SRB . pH 2.3, SRB
pH SRB ,
pH : SRB : pH SRB
SRB : pH, ATP
- SRB pH, pH
- . SRB pH ,
- . pH SRB .
SRB .
. Oliver
; SRB Cu Cd Ni Zn Cr Pb.
cu* . 20mg/L, SRB ,
(OH) . . ,
Fe’ . Fe” SRB .
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: SRB Fe 20~400mg/L - SRB :
, 0.2 <, Fe , F&*
° CUr* SRB : ,
: s : S : PO
cr* . : = O O S
6h , . . pH .  SRB
H) Cu2+ H) L]
, CU* . F&" . Z** . NP, P, Cr* 18.11%. 16.16%. 54.24%.
48.02%. 99.12%. 83.44%: . pH . SRB
L] L] Cl-‘|2+ L]
Cu* ' 5h , 36.75%,
- ° 12h , S . Cu™ .
Ni** ’ 92.31%. 75.68%, 30h , .
Ni?* -
@ 5
~  0.40 |-
<' L
2 o035 —&—Cr
—®— Ni
—  0.30 | — A& Cy
L —w—Pb
0.25 —&—1Zn
0.20 A\R

A

A

- .\. ®
u * —a
0.00 - —v— v ——p w -
s | s | s | s | s | s | s | s | s | s |
0 3 6 9 12 15 18 21 24 27 30

[ hl
5-7 { 5
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% 3

C

% 3

C

Fe

100 | v v S £ V- ! !
L - °
98 | -~
96 - a
L -
94 | —&—Cr
L & —®— N
92 L —a&—Cuy
I . —W%—Pb
——Zn
90 |-
r L 4
88 [~ /
B L 4
g L 1 00wy s )
0 3 6 9 12 15 18 21 24 27 30
C hl
5-8 { 5 1
L] 50 b
Z L
o 45 |
= L
20 | —8—Fe
S -
35 |-
30 |-
25 |-
o 20 |
w L
15 -
- L]
10 | T .
5 i 1 . 1 1 1 . 1 1 . 1 1 1 . 1
3 6 9 12 15 18 21 24 27 30
C h2
59 Fe?* i 5
90
80 - /-
l ]
70 - /
60 |-
m
3 —l—Fe
50 |-
40 |
30 |
20 |
10 |
0- 1 . 1 1 1 1 1 1 1 . 1
0 3 6 12 15 18 21 24 27 30
¢ hl
5-10 Fe* { 5 1
57~ 5-10 :

51




SRB 10 mg/L,
10.26mg/L, . SRB
, (ol ,
(1) Cu* ;
(2) cu (-HS) . ;
(3) Cu” .
pH . 2.6, 3h .
85% . 90% . CU . NP . P
93.07%. 91.35%. 99.8%. ,
» SRB . o 30h , Cu™.
Fe*. zn**. Ni**. Pb*. Cr* : 99.58%. 80.77%. 98.22%. 98.89%.
99.96%. 99.68%.- . . -
5.3
(@) .
, 350. pH7.5, .
o pH
' ' pH.
2 4 . SRB
: . , CU. Fe™.
Z*. Ni#*, P, Cr** : 99.58%. 80.77%. 98.22%. 98.89%. 99.96%.
99.68%.
(3 H,S ,
, H,S ’
H,S ,
) . H,S .
H,S ’
H,S S °
(4) ;
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Q)

1) ——SRB

H,S (—
~ _~ ~ _~ ifi
:\V :\V :\/ SRB
2) 5-11 -SRB
i —
~_~ ~ _~ 1T
= = =

5-12
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6
6.1
1) ;
99.34%. 81.81%. 86.91%,
Fe o
@ HS —
“ H,S
. 45% . .
(3)pH - pH
. : pH
(4) -
(5) SRB
Fe*. zZré*. Ni#'. Pb*. Cr*
99.96%. 99.68%-
(6)SRB
: SRB
CO2,
) SRB

SRB :
: H,S
0.7 H,S,
1.0 H,S, CU?" NP Zr?*
cu* .
6.5~7.5
H,S : H,S

, Cu™,
: 99.58%. 80.77%. 98.22%. 98.89%.

SRB

. SRB pH



(8) : HS &

6.2

, H,S R
L] st L]
TFe .
] - st
53 ,
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