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Bioaugmentation treatment of drilling wastewater
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Abstract

Some strains that were used in biological treatment experiments were isolated from soil sample

which was polluted by drilling wastewater and seven strains were selected as composing strains for microorganism

agents. The strains which acted inhibition to other strains were rejected through orthogonal experiments and the

proportions of these strains were determined by orthogonal experiments. The five additives’ effects on microorgan-

isms agent were tested, and it showed that when the dosage of (NH,),SO, was 20 mg/L, the degradation was

60% , better than other additives. The bioaugmentation experiments showed that the average degradation of addi-

tion of microorganisms agent was 42% , which was higher than the control experiment (16% ) without addition of

microorganisms. And it also showed good resist load impact and stable biodegradation.

Key words

tion of strains; resistance to load impact
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U, 25 A TR TE TR HE 22 TR T ) i 0D 4 1. 000
1R TR AR R (5 97 2 8 1 TR R 0 25 T RO K T
HIEAKETE, i COD~400 mg/L) AT 503 4,
30°C ,200 r/min ¥R 3% i ,3 d J5 EUFEN 22 COD,
1.2.4 mAEEILER

I A L AR, X T AT . RS
R 4 KFIEAL S8 2 (SRt Wk 4) , sk
BB S BREE R S R, BE A&
4 7K 1.2.3 F1 4 mL, SEEG ) 264 100
mL KR B PR K (2 6 B B9 6 B K COD =~ 400
mg/L) 1) =B b AR 3 B s Bl i T R
25 3 A TR AE T L 22 AT IE ) B OD o0 A7 1. 000 14
R (7 2 R T TR 0 25 b T I KT B o IR
IKEIF, Wl iR COD =400 mg/L), P47 54 3 41,
30°C ,200 r/min ¥E ¥ 5,3 dJ5 BRI 2 COD,
1.2.5 Bhfeggie 06

0] 647 100 mL TR B R K (28 B 10 3 T
JE7K COD=~400 mg/L) ) = MAFHHPImA 1.2. 4 1
JE 1 S A 2H A TE bE TS A2 A AR ) TR R TR 10
mL, 73 BTG R B W R B 4 (Wl R — LB R
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B =101) FERE A 20 me/L, B A 4EAE R
R 1 mL/L A E TR R InE A 1 mL/L, L
N0 Bl 790 B4 S 56 (S TR) AR T BE 1 A A Tl A o v
B 10 mL) fE 28 B8, P AT S8 5 3 4,30°C,
200 r/min 4z 35 )R 3 d 5 BOREN 2 ¥ W) COD,
1.2.6 B A aF4kHFEKeg A i LB L

#£ 1 L Y SBR S W #% P A 20% 1 35 P 35 U
(MLSS 3.8 g/L, SV,, 34% ), I ¥ B (4 B % 0K
(COD =1 500 mg/L) #1744k , 35 77 — B o [a] {5
e P I B A A BT B4 AR T AR T A LAGE B, 58 A Y
A 5 T 18] B2 % 2 H DL 10% #4300 T 790 (SR G e
W23 A2 I 45 )R] A AROAS i A G 3 T e
XTHRSCHG . 1% SBR AP R 5 R F [A] 8] 4 K 19 5 =X,
FFRHAK 1R, 1 K 500 mL, B &K 5.0 L/min,
EAT LG Al R K HE I SR £ 2RI A B
i 4 fof FL Y B 2 20 mg/ L,

2 HROMETRR

2.1 SHEBEKRBGIE
Sl LSRG, — KR B AP R R 32 Bk
B, 50 Bl 7 28 ,30,32.35 A1 38°C Rl /€ 4% A 1Y

ODggy 0 255 P HT 73 8 BR 1 0Dy 116 T 0. 05, 3 3 73
PR R A DR 25 B (o o0 B dl R 51 Hh ) DA i v
B 16 BRAE K RGP BRR, 03X 16 Ak B 1E A W)
T RARELS AL L, sk 1w, 78 30 ~
35C N, 0Dy 1 A2 fE AN AR K, il i 2 38 °C i}
ODyo, I KB, 3 Hl T 0 20 B PR 119 o0 A8 1 B2
30 CL L 30 CHENIR e S il . X 16
R TR Tl I K B R i v Y A R D B AR
F 2R AL 3 d Y OD g, (I B A R B A B
fipie .t 2 AL TE 3 d A, TR RE AE B0 I [R] ik
I A SOR
2.2 ERWMEMEFGEEL

F Tl K o S 2%, e B AR AR JEE R K, P
KA A PO AL A R O &
P19 o ik Al IS A FH T 22 IR 0 B EL AR o ) 7= 4
DRI 0H 50 Aff 2 R 90 ol 218 TR R AR B0 A 14T L D D) ke
A WUEY R AR AR IBC H . T 4R
He K B R A R, 2% S AR 3l 22 bk B 22 8D T RE A G T
[ 2010, 1) R TR A5 BT R AR DA 52 s A B R 0 2o T 58
S A AR X A R 14 R T X R AR 2L A A
b, IEAR I mZE R R 3,

1 REEKEBEENESER

Table 1 Results of optimum temperature test

W, W, W, W, W, W, Wi Wi;

28C 0.1 0. 085 0. 105 0. 084 0. 069 0.138 0.128 0.078
30C 0.12 0.102 0.136 0. 094 0. 094 0. 152 0. 149 0. 095
32C 0.092 0. 097 0.129 0. 098 0. 087 0. 149 0. 154 0. 087
35C 0. 087 0.076 0.11 0. 099 0.077 0.129 0. 158 0. 069
38C 0. 054 0.031 0. 054 0. 085 0. 059 0. 089 0.132 0. 052

Wi Wis Wie W, W,, W,, W,, Wi

28C 0. 185 0. 142 0.174 0.125 0.089 0.121 0.089 0.11
30C 0. 197 0.152 0.178 0. 146 0.12 0.136 0.11 0.126
32C 0. 196 0.159 0.182 0. 149 0.108 0. 14 0.097 0.124
35C 0. 168 0. 169 0. 186 0. 154 0.1 0. 147 0. 087 0.12
38C 0. 136 0.128 0. 154 0.121 0. 066 0.119 0. 054 0. 087

x2 MERNELER
Table 2 Results of performance test

W, W, W, W, W, W, W, W,
3 d B ODgy 0.122 0. 099 0.134 0.102 0. 087 0. 145 0.163 0.097
Wi 2 (% ) 11.2 9.6 13.2 10.9 12. 4 14.5 19.3 11.8
Wi Wis Wie Wi, W,, W, W,, Wso
3 d i} 0Dy 0. 187 0.177 0.182 0.155 0.118 0. 144 0.1 0. 124
[ (% ) 16. 8 17.3 21.8 13.9 18. 1 19.8 10. 4 18. 1
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Table 3 Orthogonal experimental design of microorganisms agent compatibility and results of orthogonal experiment

ES
E2 s W3 (% )
WH vV30 WIS va Wl] VVZZ 24
1 1 1 1 1 1 1 1 11
2 1 1 1 2 2 2 2 27
3 1 2 2 1 1 2 2 35
4 1 2 2 2 2 1 1 41
5 2 1 2 1 2 1 2 32
6 2 1 2 2 1 2 1 35
7 2 2 1 1 2 2 1 29
8 2 2 1 2 1 1 2 17
PIE1(T) 28.5 26.2 21 26.8 24.5 25.3 29
PE2(1) 28.2 30.5 35.8 30.0 32.3 31.5 27.7
W2 R 0. 003 0. 043 0. 148 0. 032 0.078 0. 062 0.013

B AR AT LU 56 4 5 5000 A9 B A R 0
L A 15 SE 06 1 B i S e IR (H 3 — 20 A1 20 W
T LA R B TERE i R 1 3 SR (3 5 4 5
6 5 Sm) H W g 1 B AE A R K, 16 T AR
W5 AT RE XS HCAth 7k A 2 1 AR R n /R AT, T Al 1)
PRRR A Gt WY e A A ek B 2 R SR A R
587,05 Ry >R,, >R,, >R,y >R, >R,, >R,,,
XU Y 5 I o i 3 0 e E B R W TR PR, T W,
FW TR RN B A 32 0 52 e B /D o PSS [] T AR 1Y
AFEE R REMEA, Ly > 1y, Ty > 15,
Me>1 6, M,>1,, WA W, W, W, W,
W o B BR i i 8, B g s m 1, > 1,
Lo, > 10, JWBEHFEE W, 1 W, AR & & 038,
Wit figp 2 ST 1 oo AR T 16T 19 23 A, T LAIA L 4
W, HU W, PR B 5 AR T R A 35X 2 b B A R
Al TR PR Z 18] W] BB AE A5 HUAE T, PR AT DL 2% o 2 BR
X 2 BRE I HE— A0 B R A R R O i EAT R Y
1EAZ S5 o
2.3 EMHRERLEHE

3 A ) URE B8 S B 4 R B kS 3 R AR AE
R R R, P G ok TE 52 S 3 0 B TR Y AR AL o
IEAZ SR A R R 4,

LI A5 R TT DL M, 26 14 5 S50 1 I ik 3 i
B LIXULHT Wt Wt Wt Wt W =4:2:30 104
e bR B e i, X — 25 2R 558 — IR IEAC 52
G RA—FE X E T W, W, R LR,
Wi 3] 2 AN TR A S5 0 o ik — 2P AR AL g ) DLk I
TEREAR R B 4 S5 (11 5 12 5 (13 5/ 14
SR ) W W, 1Y A K T A
1R TR R ST Tt Y A P B Y PR ) R
R — AR B L 56 3R 0 T B AR AR A 2 i B 0E

RO o DR I e 8 il 5 5% 145 S B8 19 TR PR TC LU A B
R,
x4 BARAEXKREEITRIBER
Table 4 Orthogonal experimental design of microorganisms

agent compatibility and results of orthogonal experiment

B G Wi %
W, W5 W6 W,, W (%)
1 1 1 1 1 1 37
2 1 2 2 2 2 39
3 1 3 3 3 3 42
4 1 4 4 4 4 47
5 2 1 2 3 4 49
6 2 2 1 4 3 44
7 2 3 4 1 2 40
8 2 4 3 2 1 39
9 3 1 3 4 2 51
10 3 2 4 3 1 45
11 3 3 1 2 4 57
12 3 4 2 1 3 53
13 4 1 4 2 3 49
14 4 2 3 1 4 58
15 4 3 2 4 1 51
16 4 4 1 3 2 52
W1 412  46.5 47.5 47.0  43.0
W2  43.0  46.5 48.0  46.0  45.5
B3 5.5 47.5 47.5 47.0  47.0
Hiff4  52.5 47.8 45.3 48.2 52.7
e 2 0.113  0.013  0.027 0.022  0.097
2.4 BINIMIEETE

B K S R R A L RS R
FR R A 2 S 0 7R A T BEXT B K COD i i B R 5T
WRIYI R AR A AT B R SR LR A, R T



4

188 ®o% L

ol

o 4R

%8 5

2E TR 1) 14 I A 345 1, R e R PO D BE T, 7R S g
e B IR A (R B AR L W RR T (4R AR R AN UK
1 S B3, 2% 5 G Bl A 10 o i 15 4 0 9 s AR A T
FHER I Lo L Al X LA Bl 7R R A
A P2 e VR TR AN K W, FUAT S B PR e 1) I e
W A R P o 22— o, PR TE S5 B P T LS RS i —
SE AR TR DA B e IR A 5, i) F) B R ol T ROCR A
AT HE .

80
70 F

60 | 54% 55% 56% 56%

53%

ey

FH O WRE PHREHEL BT E2S
BT Bhsnls 25 BRBCR 2 R

Fig. 1 Influence of additives on removal efficiency
2.5 EABEMELERSN

Hy T C A £ T 7 2 50 B R A Ak B RV A v T
EAE R, BB /INEL SBR 4G 560 5 700 % 6 82 K
4 A Wy AL SR () SN i 5 B 3 1 9 8 X R
L AR 2,

2000
(a)
1500 W
a
)
£
= 1000}
@)
O
500 —*— #KCOD(mg/L)
—a— S IRSEIE H /K COD(mg/L)
—a— Bl LR K COD(mg/L)
P P AN
| 5 9 13 17 21 25 29
ZATHIE)(d)
60
(b)
50 F
~ 40F
S —x— N HESEIRPRARER (%)
ﬁ—— 30 b —u— WA SR PR R ER (%)
20 F
10 F
)

BTN IE)(d)
K2 SBR izf74s
Fig. 2 Operation results of SBR

I 2(a) 7 LLE H 7K COD 2 A8 1k, 7€
1~10d,E#iEK COD & 1514 mg/L;7E 11 ~15 d
WL HEAT S 1 Wk b 5 52 56, A6 U6 9 8] 9 S 3% aE K
COD /2 1 609 mg/L; 7 16 ~20 d #[a] , #E/Kk COD W%
H T W, FH¥3E Kk COD J2& 1 369 mg/L;7E 21 ~30 d
Wi, #E AT 5 2 Wb i Sk &, P 8 i Uk COD
JE1 655 mg/L,

M 2(a) F(b) A] LLFE H, A INEE A1) 5 A 35 P
TG XT BRECES R A6 1 ~10 d, i 7K COD ZEF§7E
1 500 mg/L,3F# 7K COD & 1 242 mg/L, F %
%k 18% ;7€ 11 ~15 d N, #E 7k COD W& 45 I FF,
I H K COD S 1365 mg/ L, YRR S A it T
R B 22 15% , 33 BH 0 A S o T 591 1) 365 PR s T8 &R
GEXT TR K W B2 PE AN UF 5 78 16 ~ 20 d ],
HEK COD FREZE 1 369 mg/L, - 7k COD J&
1 094 mg/L, V34 R& AR 2 20% ;78 21 ~30 d i [a],
SEHE K COD & 1 655 mg/L, ¥ 1 K COD J&
1 487 mg/ L, B fif R 10% , 3% i B 36 1 75 U
SPUELENE Sy NN 2 (TS WNE AR S E =17 S =g 5 S
ENREEE X UL RS o bl M S i B T
T P U8 1Y T PR, R = Y AR W 0 T (N RN A R
RIA B IEETG e TR o

WA A E e LR s 75 1 ~10 d,°F
B4 7k COD 2 1 085. 7 mg/ L, i 5 M\ W1 4 16%
EFE 4T% KRR 28% 76 11 ~ 15 d Py,
SEHH K COD & 1 002.3 mg/ L, i F ¥ B i 8 Hy
38% ; 1F 16 ~20 d i), F- H 7k COD & 666. 4
mg/ L, V- B R #3200 51% 548 21 ~ 30 d ][], °F
¥k COD 2 817.9 mg/L, i [EMER N 51% .
AAE WAL S 56 7K COD Fl R 1 14 B4 fife 2% 1T LA
18 ,7E#E K COD ZE+F7E 1 500 mg/L I}, 584k 5 48 1Y
Ve N 16% - F+ 5 47% 33 16 BH 1 300 16 18 45 38 1
WML RS 243Kk COD F FFi, s 4k 2 45 1
fiff 2R AE W NI A2 2 oo B R B 2 30% , B\ L #ok
Fe B W, X Ul R Ak R G AE 8 2 ol i fr B
B AT A2 P20 T 8 T s e, i HL S P A
FIEMETGIE RS, 1255 — WK pils T far 45 B, B4 fif 236
SEE| 47% 5 43F K COD R T Z 1 094 mg/L B,
B RE AR R TE R 51% , 3% Uk BH 5 Ak 3R 48 19 3 1 g )
AR5 ;T 2 COD fRk B FHE, s fb R & — 1
BIE N (2 d) J5 B SRR E R E, X 1 I 5R 4E
RGTEBE B Z 0 b i i, AR K BB 05 DR FF R 4 19 38 1
PR AR E 1 B A fig



514 VR B K 1 A 3 A b F 189
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(1) 3k & B 904k, D32 75 G4 38 v 0 1 ) Y
16 X 4l P2 7Kk LA 400 v 6 ik B 3 1) TR R o
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