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Application of bioluminescent bacteria test on evaluating

toxicity of coal chemical enterprise wastewater
SONG Zhangyang, WEI Hao, WEI Yue,SUN Xiaoyi, SUN Zhaodong, JIAO Ruifeng
(Yellow River Water Resources Protection Institution , Zhengzhou 450004 , China )

Abstract: The bioluminescent bacteria test was used to evaluate the toxicity of the incoming and the treated wastewa-

ter of chemical enterprise. The results showed that the influent wastewater had high toxicity, and the 15 minutes

acute toxicity test were consistent with 30 minutes. High toxicity wastewater was largely reduced by A/O (pre-denitri-

fication) biochemical treatment+BAF process of wastewater treatment plant. The results showed that there was a cer-

tain relationship between luminescent bacteria inhibition rate and COD,_,/COD. It was indicated that the proportion

of non-biodegradable chemical oxygen demand (COD,,) of the total chemical oxygen demand (COD) was higher,

when the luminescent inhibition rate was higher, and the water was more toxic.
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32007 4 55 WK B — 7K A 2 2R & o i
S0 A0 RE 5 39 43 < A FH VR T A ) T R 1 I
B 25 A Ry ik kAT
1.2 HRERE

FHAR A SR R o SRR KRR 5 Y
W TR K ARE AN B 23 S0, OF B B B B A F AR
JEAREL AT G ORAF . FE PR E N AE R FE IS 6 h i
11, 75 W) 75 22 2~5 CTF k6 R A7 R AR 5 AN
48 h,
1.3 HEmiaiE

XF A [ AR B T ) B A i, 0 0.5~1 h Bl B
Dol g bR, LA TR o

P pHFHF pH T & ), r A 1Y FF i 75 22 )
HpH, £ dh pH T B Ab T 6.0~8.5 Z [0 o 4 UE Y
pH, i FH 6 2 ol S A A W e AT Yy . Fh IR B A
AR B T T R BB L R AR B 5% (b LI
AT AT e VA B %) V5 VR R I AR RRL)

PAT R A (R S 8 A 52 ), AR i T 6 43 S
T NaCL R & A A 5 3 B i Wk B2 35 31 20 ¢/L
NaClFH B &M . X T & b AR AE &, B2
NaCl¥s HB & 7 15 %) 20 /L NaCl, ke 5 b & 4
20~50 g/L NaCl S fH ), MR 55 2 A #h (B e 245
hiE AEEH I 20 o/L NaCly B &M
1.4 AFFNFEIEE

P IR (Vibrio fischeri) W B A T8 . 0 A Y E
AR 7K 0T B M O 2 R & (R R4 T ) ZYT TOX kit
V. f#fFT-20 C.

FE B B W - 0T 1 VR BE R 20 /LAY NaCliE i,
4 CLRAE o INFTAE B BT 4% K

PR 2 BRI - 3K 70 65 E 45 19 ZnSO, 7 W T o vk
J£ R 1 000 mg/L, Zn™ i i 3% & A 24 F 227.36 mg/L,
AR 50% Sz 6 Y Zn® 5 BV N 2.0 mg/L.
R Hp B P BT AR WA T R 4.4 WL ZnSO, BRI A
495.6 wWLFE B B IR 2 o

HA B 2% - UKA , T At 3 A AR 5 4 ) v
T 5B (M500) , 4 357 I 1A i 7E (15£1) °C
Microtox Model 500 & 4 M & 1% 5 X 45 (E B 1L &
ML), A= 4 & SR A BE & /)R8 L 5 4 T T Tt B
OB HAH & G s pH s TE IR B WA L 10 wL
100 wl.1 000 pL.5 mL; # ¥ #5 Fid £ 04 3k 5 R4
IR A A R A SRR O

1.5 EXAEAUESENELR

YN (Vibrio fischeri) 1 75 P I E 52 56 4%
ML 2R AT .

fift £ B A B TR IR ) 4 AR BT TE 4 CR 4D | mLTA
TR TG W O AR & B ) o AA—20 CHUH 41 R R T
By B SRR BY 1 mL T A S0 R R AR T 4
W R S S AN TR VR TR PR i . RO RO
20 TR S R VR S it A S P O] TR L A AE 4 °C

M B 7F WA & (2 B Deltatox® user” s
manual""” 71 45% B-TOX # P MK 75 ¥ ) « FE 6K & 78
PREIF R A4 (10 min L E) W10 pL %4
BT, 500 WL B 4 R A2 U5 IR AN E T R IR
SRJE A 15 °C 1Y 4 Jm o i B o 77 A e v, - £
5min P F, TR 220056 o KA % 2L 5 i, 7]
VAt 2% AR 8 T R e JEAH ] B AR VK B2 T 100 mL =
AP B 2E .4 CREF -

D IR 2 0 R AR R R AE (15£0.3) °C
JUT A B 2 UL R VR 2 T 1 h R R A A A UL
EWN

M R BRI MR BRI W R,
AL 3% 24 AT HE

1 HLRBEEBRY

Table 1  Sample dilution series

e 1S g 1l > S
Fe o wikam WP o - gt
FEf /L AR/l pL
L Btk 2 0 1 000 1 000
2 PHMEFEREA 2 0 1 000 1 000
3 MR H 2 1 000 0 1 000
4 AR 4 500 500 1 000
5 MRERAl 8 250 750 1 000
6 MIKFEAl 16 125 875 1 000
7 MAFEA 32 62.5 937.5 1 000

TE a— B P BT 45 T80 A 5 B V(20 /L (¥ NaCLiA ) s b— PH % 5t
FEW A ZnS0, - TH,0(10 mg/L) , A0 24 F 2.275 mg/L Zn™",

K 25 B < Microtox Model 500 2 14 Il 5 4% i 44
15 min, FF 4G W0 5 28 28 - £l 04 038 2 V7 VR 00 4R &
St (1), A 1 000 L &b B 4 (1 B & A
PR, F 50 M0 2 52 03R48 kSR TE] 15 9C A in HRRE B
PRI . 43 S E B N B TE] SR 15 min(7,,) A1 30 min
(L) R RE ff Ao BE ic S BT 8 854
1.6 HBLEFRHH

RIS min 038 45 5 4 6], 30 min A9 90 48 45 21 LA
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FH TR 7 X os .

B B 4 2 < 1,2 A0 TR A W) 0 A O AEL L 1,5 R TR
550 BEWR SN 15 min J5 & OGAH L 1,1, 0 1 1E Z AL,
7 SR R B39 0, A B 17,5
ool WY SEAR 2R LRI T L - 2
3% , K A RY o

FE P J5 4 2H AR i I3 2 < 1, o A0 TR R ) R
A L 158 40 T 5 56 B WS N 15 min J5 &G TH
IclSZIUX.}‘ s His=(1,5=15)/15, Flszﬁls/(loo_ﬁls)’ EIS

W H I .
EC, 1 EC,, I TF 5 <l & 00 2 19 R i 15 K T i
o ) e, A T AE AR 38 2> 38 lge,=b-1gl +1ga"®’ , 7T 15 H

EC,, 1 EC,,, >4 I'=0.25 I} XF i EC,, B FE &5 K BIF 5
el , 24 T =1.00 iF X5 B E C, I RE 5 35 K 57 o5 4

2 HRE5WR
B T 4 2L B AR5 LR 2 0P 14 55 f, A

k15

1£ 0.729~0.940 2 ] ,f, {H7E 0.638~0.904 2 [l ,f
HIF 0 T 0.6-1.8 2 1, U0 Hy 472 1A, FL ¥ {8

5547 00 5 AE Z [8) I 2% 7E £0.820% 5 £2.430% Z
[E], Y AN 3T 3% , K A A% BH P T 4 A i 3
R 255 B N ZnS0, - TH,0, Jit & i
FE N 10 mg/L, #1124 T 2.275 mg/L ¢ 8 1, BH Ak o 45
WA fk 15 min 3% 30 min J5 51 A2 09 310 51 46 H A 20%~
80% , K A7 %4 -

K2 PHEREXRE(1-4S)MBAEREXRE(5S)ER

Table 2 The results of negative control batch(No. 1 to No. 4) and positive control batch(No. 5)

HE  REATD RN FAE # 3 af! AR 5
=2 BEK-F = = - -
’ o 0 I/,ls 1/;30 [/;15/[0 IA3O/IU flrlS flﬁﬂ ':Jﬂjiafkl-i E@T}ﬁg/% gﬁ{afk?ﬂw%g/%
101 94 93 0.931 0.921
1 2 0.940 0.904 +0.945 +1.892
97 92 86 0.948 0.887
101 73 66 0.723 0.653
2 2 0.729 0.638 +0.820 +2.430
98 72 61 0.735 0.622
90 78 71 0.867 0.789
3 2 0.859 0.780 +0.937 +1.204
87 74 67 0.851 0.770
95 73 66 0.768 0.695
4 2 0.752 0.684 +2.24 +1.55
98 72 66 0.735 0.673
10 I|5 130 H15/% HSU/% ﬁ‘5/% ﬁ»‘o/%
Lis L3
100 37 20 93.96 90.37 60.62 77.87
5 2 61.9 78.0
101 35 20 94.90 91.27 63.12 78.09

S EAL T Al 5 K A BT SRR HS KA G 2
RIS,

FH e 3T, 145 F 2 55 4 5 7E 15 min F1 30 min
IR 5 SR T — 30, A AOGRUR B AR E
K B PR B SR , EC,,s 43 B A 9.83% Al 10.86%,
ECy s 57 % A 19.20% 1 16.03%, EC,, ,, 57 % N
7.76% F1 10.86% , ECy, , 53 %1 b 15.05% 1 14.20% .
15 F0 25 oK BE i 78 23 16 A5 LA 1 I B i AR
KRBT . 35 M 45 KRR G AE 4455 B 5 3 il
BH S H, Y 2 AE, BVAH R A G B KA

R. GUERRA""ZEWF 58 Tk & /K v % B COD Fil
Microtox® 4l T8 75 Pk 2 0] 7 76 B 25 19 A5G . 1 C.
V. ARAUJO Z V" HF 58 K B, Tolki5 /K kK cOD A4
R P Y S I 4 R 2 B A W A OGP T R K
COD FI4H P4 35 M S0 50 25 B A1 BRI i AH G . R.
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BOLUDA 25 7E#F 58 vh 2 3, BIVRE i Y 1 20 b &2 2%
COD 55 5 3 1k =2 (R AH OGP 8 25 o A% i U 50 7 X
T BTG 7K A 3T B 7K B A 4 A o) i 4 I A B
JEE K TS A A v R R M I A B HE R ME A LA (VOC)
JE ) A B R B A R AT S AR X IR T
V5 KAk BT BRI b & B, RO Al R Y R
M2 5 InCOD,, Z [B] A7 7E 1E AH G, 7K FE H 1 3 [
fift Ak 2% 75 A (COD,,) 1 F 451 7T i 2 5 3504l B 75 7
BRI Z — o ARG %4 T A5 K kb BT [H]
HE VAL i E K COD H1T BOD, il v i {1 WL 3% 3.

W45 cop,, /38 A X", cop,=CoD-BOD/
0.58, 1+ 5 15 i 1 %5 3k K H 5 ) CoD,, i 101.28
mg/L, # 7K COD,,/COD N 58.54% ;2 5 3 K ¥t &
COD,, & 135.31 mg/L, #£ /K COD,,/COD A 65.68% . 3
S K AL COD,, A 12.59 mg/L, 17K COD,,/COD
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Table 3 The luminescent bacteria toxicity , COD , BODj test results of the inlet
and outlet water of wastewater treatment plant of coal chemical enterprise

X ik — — 15 min 45 30 min %5 31
o WE O WAM o Ge Hgw r. T ik R cob/ = BODy
KFD 1y Iis Ly . < N * EC, /% ECy (% EC, /% EC /% (mg-L7) (mg-L7)
9% 7 4 9020 86.75
2 88.8 930 7.90 13.26
94 13 8 8832 84.95
94 26 18 88.32 84.95
4 62.9 737 1.694 2.799
95 40 27 89.26 85.85
1 9.83 19.20 7.76 1505  173.0  41.60
95 70 61 89.26 85.85
8 217 280 0278 0.389
94 69 62 88.32 84.95
92 77 64 86.44 83.14
16 120 211  0.136 0.267
93 76 68 87.38 84.04
92 1 0 67.04 58.69
2 985 100  66.04 —
92 1 0 67.04 58.69
94 16 7 6850 59.97
4 76.1  88.1 3.188 7.380
90 16 7 6559 57.42
2 10.86 16.03 10.21 1420 2060  41.0
95 42 26 69.23 60.61
8 361 510 0565 1.042
94 46 33 68.50 59.97
100 70 62 72.87 63.80
16 33 2.5 0.0339 0.0259
93 66 58 677 59.33
95 98 96 81.57 74.05
2 -16.5 =257 0.142 0.205
99 96 94 8500 77.17
89 101 97 7642 69.38
4 -329 413 0248 0.292
88 101 98 75.56 68.60
3 80.0  39.10
94 100 94 8071 73.27
8 -253 =269 0202 0212
91 99 89 78.13 70.93
85 98 93 7298 66.26
16 -235 -274 0.190 0215
92 89 82 78.99 71.71
94 66 53 70.65 6431
2 3.8 149 0.0390 0.176
90 67 54 67.64 61.57
9 76 69 67.64 61.57
4 -13.9 -13.1 0.122 0.116
91 79 71 6839 62.25
4 83.0 40.8
89 77 70 66.89 60.89
8 -112  -9.8  0.101 0.0893
88 71 63 66.14 60.20
94 78 74 70.65 64.31
16 -11.1  -112 0.100 0.101
94 79 69 70.65 6431

S 15 25 R 5 KB KBRS S 35 45 Jyin K Ab 31 A BA AR IS 9 K BE A

R 15.73% ;4 5 H K FE B9 COD,, A 12.66 mg/L, i
7K COD,,/COD A 15.25% . XF b iZ b A & 09 40 B8 75
P45 0T L& B, K TS K B & O 4l B I R
COD,,/COD £ 1€ — & K & : 1 5 fl 2 %5 #F K FE 5
COD,, FT /5 HEZK S A COD By Fb {51 e i), 20 1 25 P 5
B 1Y G e Ry, B R PR R 5 R TS UK 1 CoD,,
{ELAR B, 24 TR 25 4 S 6 114 & ' 400 il 232 A R A1, B 2 4
AR AR B IE

JE 15 7K G TS Y ) 48T K AL B Ak B 8 B HE
TCPRUEJS A2 ) B A 05 KRR B 1) 9 Ok, 45 M A ) 4%
SN KOG = AR RN A K OE R BOT R R
T 2R H R H P2 B 4E B RO I K
MR (WF3IH 3 45 HRBEM) o LS 0 KT

2 A & BN A B S, AT BB K R 4k
5315 Y W)W R i, A A7 A R S FR Y S A ROk
MK . R BOLUDA &8 258, & G40 W 4
T A P 5 S 1 VR R HE K 1 B SR AR K B IR B
TR ANBR O RG] BB S K b SR A T
g 1 5 P 2% 65 3% W (Hormesis) "™, Kaili SHEN
SO AR I 5T P B e BE Y G A Zn?t (IR T L
mg/L) 2 W S 38 0 40 B 1 & i AR SR I Cu™
Zn® A B gl 2 20 i v — il A 06 20 4 R S T
I BE Y Cu™ R Zin™ AT 8 2 0] 38 200 J 1) 7l = S5 I R
B o XoF bb AR T A ol TR] St R RS RS | B
KB Cu™ i VR B 25 5 AN K, R 0.009 mg/L 22 47, il
HE K By Zn® B 24 8 <0.05 me/L, ML T 4
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b 5 KRR Y Cu™ BN Zn™ J5 ViR BB AN 2 1 A HE UK
SOt BN SR S e A TR A O e RN A PR AR AR
N K, Tt — L TRABIE

3 #ig

(1) b T A ol 5 K Ak 28 T s 46 1 it K B AT
B e H 258 HATIE 17 A0 (R B R Al 4k ) 24 1k Ak
PRI LE W UE M (BAF) T AL S T4 e K T
JE T, K TE B W 2R B

(2) &5 K 19 COD,, {5 /=5 B, 40 B8 75 1 52 58 19 &
SEAM R AL B TE K COD,, (B G B, 40 1 25 1 52
65 1) K G ) S5 AH A, B 2 AN T RO K
NESE 3

(3)IREAL T A 15 K W43 52 2% R TRl T2 B 2k
7R S KRR AR TS e A R AR TR B 2 v FE
G T AF R0 1 B R 0 PR M B 1 4R, R ) A i x
PR Z B J) F 8 REER N BB E B AR, &
FEAN TR 2 )8 T Sk BRI, B A A — 1 JR R
B H P T 0 | v AR 1 A 38 mT e Al Y5 K Ak
T 0 HE HEZK St 3 0 R I TS Y ) A T rp
RAEEBAEH .

sEH

ARAUJO C V,NASCIMENTO R B,OLIVEIRA C A, et al. The use

—
—
il

of microtox to assess toxicity removal of industrial effluents from the
industrial district of Camacari (BA, Brazil) [J]. Chemosphere,
2005,58(9):1277-1281.

[2] BOLUDA R, QUINTANILLA J F,BONILLA J A, et al. Application

[

of the microtox test and pollution indices to the study of water toxic-
ity in the Albufera Natural Park (Valencia, Spain) [J]. Chemo-
sphere,2002,46(2) :355-369.

WELTENS R, DEPREZ K, MICHIELS L. Validation of microtox as

—
w
[}

a first screening tool for waste classification [J]. Waste Manage-
ment,2014,34(12) :2427-2433.
[4] PARVEZ S, VENKATARAMAN C,MUKHERJT S. A review on ad-
vantages of implementing luminescence inhibition test( Vibrio fisch-
eri) for acute toxicity prediction of chemicals[J]. Environment In-
ternational ,2006,32(2) :265-268.
ARGEHE, AL T A A 2 A T A Mk TR 2 R K TS B
A RS W T ] BREE TS B 5 Biih L 2020,42(12) :25-29.
YU Xiaoyan, YU Jialong, FENG Lifeng, et al. Bio-toxicity of pollut-

[5

[}

ants in shallow groundwater in pesticide factory [ J]. Environmental
Pollution and Control,2020,42(12):25-29.
[6] E kA BREHIR &, gk PR, 55 . M V7K 7™ it v o 4 J R ) 7 12

—162—

HOBE TS HEREL) ). /K 7™ 3756 ,2020,41(3) : 5-8.
WANG Linhua, OUYANG Lefei,ZHANG Qingqi, et al. Methods for
detection of heavy metals in marine aquatic products[J]. Journal of
Aquaculture,2020,41(3) :5-8.
[7] SRwéss  BEEHE, THEE 4. AY0 T2 B35 8 vh A W) 75 1 W) R
MR F AR E LT ], T K AR 3, 2016,36(1) :38-40.
WU Xiaoting, MA Xiaoyan, WANG Xiaochang, et al. Immigration
and transformation characteristics of biotoxic substances in sludge
by A*O process[J]. Industrial Water Treatment,2016,36(1) :38-40.
I 22 A 4, 45 L 57 35008 DR AR W 1 PR T R A )i
FASRB[)]. Tlkk4b#E,2019,39(5) :17-23.
HE Xiang, LI Xiaotong, FU Jinxiang, et al. Application and outlook

—
oo
[}

of biotoxicity detection technique for landfill leachate[ J]. Industrial

Water Treatment,2019,39(5) :17-23.

—
A=)
—

ISO 11348—3. Water quality -determination of the inhibitory effect
of water samples on the light emission of Vibrio Fischeri(Lumines-
cent bacteria test)—Part 3:Method using freeze-dried bacterial S].
[10] 7%, RIE %, 8/ o6, % . DE Ltatox i 4% 3 35 1 X 1 7F Q-
TOX A1 B=TOX P B 30T B AT 5 43 ()], JL U7 3885, 2011
(8):137-139.
YANG Jie, ZHU Zhenghong, YANG Xiaoyuan, et al. DELtatox
portable toxicity tester application and discussion in Q-TOX and B-
TOX two modes[ J]. Northern Environment,2011(8) : 137-139.

[11] GUERRA R. Ecotoxicological and chemical evaluation of phenolic
compounds in industrial effluents[ ] ]. Chemosphere,2001,44(8) :
1737-1747.

[12] A7 U, BOHT L 05 81, 45 L 2 KO A ) W A 15 24 0 40 o 8 4 40 BT
WFFELT]. 3885875 G 5 PR . 2015,37(12) : 51-56.

YANG Shangyuan, CHENG Gang, ZENG Jian, et al. Study of bio-
degradation-resistant and biological inhibition toxicity sewage[J].
Environmental Pollution and Control,2015,37(12):51-56.

[13] w20, 2wk g , Jo5T I 48 . A= 90 sk 05 vk 7 3Tl 45 /K 2 AR 37 M

g L] TR % R 2 22 4l CH 8RB 22 ), 2005, 33(11) -
1489-1493.
HUANG Manhong, LI Yongmei, GU Guowei, Application of sev-
eral bioassays on evaluating toxicity of municipal wastewater[]J].
Journal of TongJi University (Natural Science) , 2005, 33 (11) :
1489-1493.

[14] FULLADOSA E,MURAT J C,BOLLINGER J C, et al. Adverse ef-
fects of organic arsenical compounds towards Vibrio fischeri bacte-
ria [J]. Science of the Total Environment,2007,377(2/3):207-213.

[15] SHEN Kaili,SHEN Chaofeng, LU Yuan, et al. Hormesis response of

marine and freshwater luminescent bacteria to metal exposure [7].

Biological Research,2009,42(2):183-187.

[MEERAN] Kokdg (1986— ), TRIB, FF 1+ . BT . 0371-
66026306, E-mail : songzhangyang1986@126.com
[WFEHE] 2021-11-19(#& B )



