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Abstract; SOS/umu test is widely used in genotoxicity evaluation of bioactive compounds and complex mixtures.
Because the strains used for testing are pathogenic and the test is a tedious process, its use in the evaluation of do-
mestic products is limited. In this paper we established a method using recombinant E. coli SOS-fluorescence (pa-
tent number: Z1L201110022476.1) to test the direct genetic toxicity of sewage water and evaluate the direct geno-
toxicity of treated water from four sewage plants. Moreover, the seasonal variation of direct genotoxicity and the
influence of different processes on the removal of contaminants were evaluated in one plant. Positive reactions were
found in all treated water, and the corresponding 4-NQO equivalent concentration was from 0.018 to 0.514 mg-L".

The direct genotoxicity of raw and treated water was the highest in summer. The direct genetic toxicity removal
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effect reached 33.33% with the current biochemical treatment process. With convenient operation, high detection

sensitivity, and low potential operational risk, this method can be used in water direct genotoxicity testing.

Keywords: wastewater; recombinant E. colr, SOS effect; genotoxic activity
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Fig. 1 Process flow diagram of the No.l sewage plant
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Table 1  R-value and TEQ, y, of the treated water in four sewage plants
i5K—)" iy .y K= 5K
The No.l sewage plant The No.2 sewage plant The No.3 sewage plant The No.4 sewage plant
R {H Ratio of fluorescence 3.03 2.81 1.56 221
TEQ4_NQ0/(mg-L'1) 0.514 0.311 0.018 0.079
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Fig. 3 TEQ, oo and removal rate of direct genetic toxicity of water from the No.l sewage plant

R2 FHKAE—] #HHK TEQ,yoo R EMKRE
Table 2 TEQ,yq0 and removal rate of direct genetic toxicity of raw, treated waters from the No.l sewage plant

Spring Summer Autumn Winter
JET77K Raw water
4 0.365 0.617 0.021 0.469
TEQ4ngo/(mg-L™)
H 7K Treated water
0 0.168 0514 0.016 0.272
TEQ4-NQO/(mg'L )
EERFE%
53.97 16.69 23.81 42.00

Removal rate/%
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Table 3 Some research about the application of SOS/umu testing in water treatment

RIS W4t Z:7% Sk
Subjects Conclusion References

KT BT T K RO A 3
T ZEHK
Conventional treatment effluents and ad-

vanced treatment effluents

& A~ BEE - 1- 5016 (4-NQO) Iy 45 Y B Yk £ 0.0948 g - L
(TEQy. noo WE R IR FI /K 38 14 s MRS A

Adopting 0.0948 pg- L' toxicity equivalent quantity of 4-nitroquino-
line-1-oxide (4-NQO) as a safe benchmark of genotoxicity for drinking

water

(3]

ERAR T B ) 186 T 2 TR A 227
# T LBk
The drinking water of various processes for

a large waterworks

MoK A RIS BE AN, 5 T 7 22 5 T M IR B X 5 Bk adt A%
FEME BRI 35 5 4% T2 Hh K s AR s 000 28 AR K

Direct genotoxicity effect in winter is higher than that in spring; activa-
ted carbon are effective on removing genotoxicity substance; the efflu-

ents in winter and in spring also differ greatly

IR AT T2 K A R K e 3k ok
Water samples from reservoirs, waterworks

and lavatory taps

Hi R KUK 5 B S 4 g K R K B

Underground water quality was better than surface water

X AR 3R Z K AT
The surface waters and sediments of Meil-

iang Bay, Taihu Lake

ZI TR RE A P BRI U8 1% P 1 R KU 2 —
PAHs could be one of the major mutagenic stressors in the sediments

of Meiliang Bay

LT HEAT 2 AR IEIK KR K
Raw, treated and pipe waters of two water-

works in a northern city of China

2K EK TR RIS K S SR B — R B B R BRI
Positive results were induced by all the raw, treated and pipe waters of

two waterworks

[10]

RHART IRk SN T i R A2 )
R/ 3PN
Effluent of ozone-biological activated car-

bon (O;-BAC)during chlorine or chlora-

mine disinfection

BeJa K BAT — 5 WAL T (20~ 70 ng- L), NGk S 25 ) 18t
feag kR

The genotoxicity of effluent of O;-BAC before disinfection ranged
from 20-70 ng- L', and it increased after disinfection by chlorine or

chloramines

[11]




%6 1]

VPHEAE AR AT SOS BEPFH 5 /K HHK B Ist A REME LA b T 22 R BRACR 257

3.2 EHKWHATE SOS R -7¢ ik 5144 SOS/
umu R A R A

ARG HR S A i 25 [ AR R BT b BRUS |
T KMFFI SOS RN -2 6 1 7 7K T 5 #z 5t 1%
BEPE, BRI T 3 A TATAL, 2GR B AR
FETE T% ~26% NE L RAT ME 4-NQO (145 B
H15.76 wg- L', X e Oda S5Vl £ 48 /Y SOS/
umu A ZR I 5E 4-NQO il FR Jy 28.5 pg-L™, #
NIRRT AEK 5 BT Y85 77 s 1) LA e AR R 4 0 T 1
h, BRAEAD BRTE (8 H 5 T4k,

25 Lk, AR BIE 5 A FH 1R A R A 2 R B 4
KIGFETE SOS AL -5 ' vk I 2 7K I B B2 35t 1% 75
PE B EEER] A st A s B Efa R Rk, B
{1 FH 4~ BEm bk AL Ab 0 1 Ry B o B 1 2 i ) o, ]
PIEAT 8 SN AT MDA RS o] 3

BIREERE N R E1968-), 8,4+ AR, T E2HMEF
163 A AR HE K W5 ] Bk R K e AR R R

2% 3 ik ( References) :

[1] International Organization for Standardization (ISO). Wa-
ter quality-determination of genotoxicity of water and
wastewater using the umu-test. ISO/CD 13829, DIN [S].
Berlin: ISO, 1998

[2] ¥ ptHE K G, SR ERA R F I SOS 2y
FR7K B 35 A% 75 M K D7 vk L, Z1L201110022476.1
[P]. 2011-09-07

[31 S, WU, 24, 4. 5T umu 845 5RO 191K
PRSI KU AR 1 22 1K), 2R 25 75 B2 4R, 2008, 3
(4): 363-369
Zhu Z, Gu W M, An W, et al. Carcinogen risk assessment
of drinking water based on genotoxic activities using
SOS/umu test [J]. Asian Journal of Ecotoxicology, 2008,
3(4): 363-369 (in Chinese)

(4] Z#0, %01, GepleE, 45, SOS/umu A=Yl il iF
JET7 5 FL KA T R AL R M R ) R BRACR [, #R35E
TARZR, 2007, 1(11): 10-16
Li N, Luo J P, Rao K F, et al. Assessment of the effects of
removal genotoxicity for a waterworks located in the
north of China by using SOS/umu test [J]. Chinese Jour-
nal of Environmental Engineering, 2007, 1(11): 10-16 (in
Chinese)

[5]1 38U, 206, Ay, 45, FRLAL A Y R0 bsic J ik g
SEPFA R K A FREJXURR [9]. PRBE AL 27 224z, 2007, 27
(11): 1778-1782
Luo J P, Li N, Ma M, et al. Quantitatively assessing the

health risks of drinking water based on a battery of in
vitro bioassays [J]. Acta Scientiae Circumstantiae, 2007,
27(11): 1778-1782 (in Chinese)

[6] Zegara B, Heath E, Cemoza A, et al. Combination of
in vitro bioassays for the detemenation of cytotoxic and
genotoxic potential of wastewater, surface water and
drinking water samples [J]. Chemosphere, 2009, 75 (11):
1453-1460

[7] Oda Y, Nakamura S, Oki I, et al. Evaluation of the new
system (umu-test) for the detection of environmental mu-
tagens and carcinogens [J]. Mutation Research/Environ-
mental Mutagenesis and Related Subjects, 1985, 147(5):
219-229

[8] WU, iy, T T, S5 R WA ik Iy vk
PP AL IT SRR 2 2], SOk K, 2006, 32(8):
17-21
Luo J P, Ma M, Wang Z J, et al. Assessment on the eco-
logical risks of drink water in a city in North China by
way of bioassay battery [J]. Water & Wastewater Engi-
neering, 2006, 32(8): 17-21 (in Chinese)

[9] Fvif, EHE, &2, 5% KHIMREKAEAGIR
T LTS G s A B PE[T]. b FE BRI R, 2006, 26
(2): 224-227
Qiao M, Wang C X, Huang S B, et al. Genotoxicity of or-
ganic pollutant water and sediment in Meiliang Bay, Taihu
Lake [J]. China Environmental Science, 2006, 26(2): 224-
227 (in Chinese)

(101 =5, 2208, XM, 55 MR SOS/umu 77 ¥4
DK Ak P A TS G W 35 A5 T PR ARV (D], AR AT B
24, 2013, 8(6): 909-916
Yan Y, Li N, Liu N N, et al. Application of modified SOS/
umu test to determine genotoxicity of genotoxic chemicals
and effluents from drinking water treatment process [J].
Asian Journal of Ecotoxicology, 2013, 8(6): 909-916 (in
Chinese)

(1] B0, sk, XUSCH, 55, umu 35 AF 78 KT K SR
ST R R v a8 A% 7 14 28 T DA BT B 1R 1
W [J]. BFREERLE, 2010, 31(1): 93-98
Liu Q, Zhang L P, Liu W J, et al. Genotoxicity of drinking
water during chlorine and chloramine disinfection and the
influence of disinfection conditions using the umu-test [J].
Environmental Science, 2010, 31(1): 93-98 (in Chinese)

[12] ARG, £ &40 BKM AL,
1E4K, 2006, 25(12): 27-29
Ni X X, Wang Z J. Biotoxicity test of wastewater from
paper mill [J]. China Pulp & Paper, 2006, 25(12): 27-29
(in Chinese)

(131 GER, A2, SRS, T L2 A 4y I Aot 2 3 i



258

==
B

i

% 128

[14]

BARITGKAR BT 200, BREETS B 5 BT iA, 2008, 30(4):
52-55

Ni X X, Zhou J, Pu J W. Assessing four wastewater treat-
ment plants in a city by bioassay [J]. Environmental Pol-
lution and Control, 2008, 30(4): 52-55 (in Chinese)
ZEA, JRER I, 2258, R SOS/umu MBRIEH 5 Ykt i
VR38R PRI LA B 35 e b BT 2 RCR (1], 107 R U5
KEFFIR: A ARBEF AR, 2013, 41(2): 112-114,118 (in
Chinese)

Li L, Zhou J G, Li N. Evaluating the genotoxicity effect

[15]

of sludge samples and the effect of sludge treatment
process by SOS/umu test [J]. Journal of Henan Normal
University: Natural Science, 2013, 41(2): 112-114, 118 (in
Chinese)

Oda Y, Funasaka K, Kitano M, et al. Use of a high-
throughput umu-microplate test system for rapid detection
of genotoxicity produced by mutagenic carcinogens and
airborne particulate matter [J]. Environmental and Molec-
ular Mutagenesis, 2004, 43(1): 10-19 2





