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Bio-toxicity analysis and detection of SBS roof runoff
GAO Yu-chan', ZHAO Le-jun®, SONG Xian-cai’, JIN Xing-long'"
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Abstract : Aiming at the safety of roof rainfall runoff water quality,acute toxicity and genetic toxicity in roof rainfall
runoff water are investigated by using the luminescent bacteria test and the SOS/umu test associated with solid phase
extraction method.The experiment is carried out at a green roof of a university in Tianjin for the rainfall respectively on
August 19 and August 30,2018.The results reveal that the roof rainfall runoff water is seriously polluted in the early stage
and has high acute toxicity and genetic toxicity. With the extension of time, both the acute toxicity and the genotoxicity
decrease gradually.The toxicity of the runoff rainwater samples on August 30 is higher than that of the runoff rainwater
samples on August 19.For the samples collected in the two rainfall events, the induction rates Iy are bigger than 2,
showing a mutation positive result,which will trigger DNA damage effects.The experimental results provide reliable data
support for water quality assessment and recycling of rainwater resources.

Key words : roof runoff;luminescent bacteria test; SOS/umu test;acute toxicity ; genetic toxicity

it A 8 T T 4 3T A A O AR O R, o o
FRIAR AL 775 G A St 22 TR A 28018 e 000 vl LA Sy 3k i
FARMA S T5 R S R S S
T FAR T A BCRAIRGES . H H RS TR
VK I s A T A T R SRR B
AR R B R AR (R B4 ) MER R b (R
RO BAHLRS) N L FKAR R AR
HRPFRE L IF HARE Z [ AF AR RS B0 PR
MR ASA FY oa e E IR B R AR
{2, 58 [ A5 Kk W R AR AR W
A B A o v A 0 S8 T e AR 5 3 it 9K
AR, HRZHIEE BT 5K PR SGRBAE
WIBENERNE AL 28 W L4 HE A 52 407K MR A g R A

Wio FdnZERIAE 2017 AEAFSE T AN T 4 00 A 42
B ALTEE AR (k45 SR R | o MG AR s AL 7
Mef B4 WA 3] 287 559 ne/L, &5 T ok Bl 45 15
A’/0 15K LB T 2 A W s Mt 58 v oK st AL d bk
K/N(C170 ng/L) . BABE, B RO A28 3 7K 3 P47 384
A EE PR HE AR A BE TE 4 T L UL Hb S B K A )
2k,

KGR F SOS/ umu 2 56 43 1] 2 £ X B i
SO B AN AL R R R R i AR Wy A
o, BT RS TR AR A T AR KA
A BEYI TSNS 5 RO RO B TR P B A TR A G
W AR A P VE T 1 850k G B R A B 3
I S A R R R AR AR B i K AR S R

I fs HEA.2019-08-21; & E H A .2020-03- 11

ELWB . AW ARLH S 5L W H (16YDLISF00030) ; KT FH 4

2ERLAH AT A H (TD13-5021)

EBER T S EM(1991-) & WA G B IR (1973-) 55 0%, B9 05 18 Dy K 35 Y il B R , il IRIBE 2R A, xinglongjin@ tjut.edu.cn,,



- 228 - FAX AL L

PRI /N, SOS/umu 12 56 W2 A H 5 A 9 & 5 30
A DNA Z 851 & SOS KW % UmuC fili 4 5L
B, R B 2L ZLAE T B 2L Vs PE R A A & A,
WP 36 Ao 0 3 I 1 3 M B o 321X DNA 32 5t i 72
JED T WK A 1 B R KN, AR R 5T
1T & EHIRIE AN SOS/umu 36435 %} 2018 4F 8 H
19 HF8 A 30 H Wiy SBS J2 M MR 42 1 1Y 2 1 2
VRN 8 A% B PE BE R TR D7 s A8 AR B A i R A 7
TAHE, LA A J2 10T 4 RN AR 900 5 Sk 4 T 114 7K 5 48 4
TEM AL FIS AR

1 #REFE

1.1 iRgesry

FCHEIREE N SOS/umu %56 T Fh 43 51 196 % 1
5o K IHFE 502 ( Photobacterium phosphoreum ) Fl R,
1 FE V5 171 X H ( Salmonella typhimurium ) TA1535/
PSK1002 , B Fh & 75 J5 5 EL K 1Y 20% N =LA 1:1
IR GG 2 15 mL B OENET
—20°C F1-80°C M VKR th R A7, LARFfIT

RATEAR IS T FH =2 R IR, H AT
K- BE TAES K s DA A 5 325
#1.ZnS0, - 7TH,0, Na,HPO, - 12H,0, DMSO ( — ! J
AR ) BERRRE AR R SE . SOS/umu 2055 i FH
FEALE LR R IR IR G 4%, KRR e, S Hh T
WAFCGEE T, MEbR A A, 5] . DMSO (= H
FEWN) ,ONPG (B-F-ZLHE 1 ) ,4-NQO (4 -fig %k
w1 -k ) S
1.2 HERESHLE

LI R SRR R T S R B R T
S R R By K B, 2018 4F 6 H 27 H BTE %
SBS BizKA kL, H W I 4G , A KB R sk
FEWIE Hy , R4 W KO LA I 28 2 %) SBS = 1 1Y)
PR DA A1t 7K A 2 B T, SR A R T
2K T 7 o ARE R AR KL 5l R AR 5 )
T£) (GB 13580.2—92) ) ffrak Jy vk, BeiHHE Sl gk
JEI, 8 H 19 HAI8 H 30 H R i 2 Ho R A 1]
B% (min) 73+ 34 :5,5,10,10,15,15,30,30,60; 15,
10,5,5,10,10,15,15,30, KRN SE I IR & ¥ 51 )5 fiF
FET R,

B 58 AR, TGS [ 5256 % S fe g 4R
YRS AEuR I U, R 5 R TE A6 J5 9 OASIS HLB
[ 2 R R KA T A 5 35 W R AT SRR A
BTG, FEBAEAR O A R B e IE

E40 HBH S H

BEREA TR MACHE e FE VAR FH RSB 1 R i A
B % 0.9 mL, B H AWK T, DMSO & %4 &
200 pL,-20°C &4 N RAE,
1.3 ZAEFEMESHERRE

Vo VR AE TR DK AR B = 0 Rl , i A 21 85
Fed: ZEEIRHEIR B 20°C (130 t/min S50F T % 24
1 36~48 h, RN I3 L2, I 1 mL J 3% 5 5
PRRAS BTG IR dReR b 7 12 b, R K 2= X
BN, HAR L IR GB/T 15441—1995
FIT ik 7 kAT .

il 2T R/NAE # ) ECs, e , AR R
FERFIRIG A S M R Zn® A BHYES IR K
AR BE Zn® R X & SR I i R OC R A T 455
FRbR I R £, TR ER A5 20 R i 6 2 56 B 2 G 30 il 4
M £, 7 Bl ok 8 EC,, .. (0.206 4 mg/L) #i
ECsq gy » AT 2 (1) VBT 2550 L 2 A Ay A
TR B EQC, . (mg/L) 4T 2Pk 3 v
FAE

EQCy2+ = ECyy 52+/ECs o, (2)
K ECs, 0 N RICHANTIFRAET 50% I F B 11k
J  meg/L; ECyy g, N R IG BRI 5655 F 509 it
i E R,
1.4 SOS/umu EEH XK
W RAT BN - 80°C VKA Hh i HH =5 3R T il g
HEAF TCGA R 353 37°C 120 r/min 5514 F /KB 1§
Vi 12 h, SE D5, TR 1 mL R 35 IR &
B TGA ¥ 3% 56, k22 ¥k ¥ 1.5 h, I O B oy
0.7~0. 8 B, AL I E , ELARE A0 B8 2 L SOk
(7],
ERFT ¢ fE SR I, i E kAR
(2) .(3) PR,
G = (Asgsp = Asosp)/ (Asgs x — Asgs ) (2)
Iy = (1/6) X [ (Aysy = Apsy)/ (Agsy = Apsy) ] (3)
;T:EEP ’ASQS,T \A415,T \A595,B \A415,B \A595,N \A415,\'é:’\%'uj%’ﬂélé
fn 25 R BB B X BB AE 595 nm T 415 nm Ab I
LR

2 6>0.5 B, AT, 1,>2 B, TN
oA FAPELE SR SOS/umu 1256 F) FH BH 1 2 1R
Y 4-NQO FIFE fi 71 2 — 4 1 il 26 HE AT R ME UL 15
FRER AR AL 4-NQO MK BE TEQ, yoo
(ng/L) VB R FIWT 8t 75 35 P R/ N RO AREET . AR e
4-NQO Fl - 2K y=0. 096 3x+0. 556 (R* =
0.996 1),



2020 F 5 8B

2 AYBHREERS SN

2.1 BHXRERGEIBE RS

B ERT 8 H 19 H(FEWET )M 8 H 30
H (FERREAF ) N[ B8] Bt J== 1 R W 48 3 ik 55
PR AL, AN 1 (a) | (b) Fias, 22 Ui A i
EC [HRCRFER R 2 E s, I 1(c) nT %, B
M T b AR A TF 4R 25 min AR AR
EQC,,2. 530 0. 65 ,0. 49 mg/L, B[R] A IE <, 2
PEREEZ /N, e KRR R 0. 15 mg/L, P& 3514
L EQC,, . B8R A5 AL ELAT FRARURRAIE , 45 501 1l 86 TR
FE) 2 15 min B, 20PEREPE 1 LR IE B2 R F%, 5

100

3
REF
1—R?=0.984 0,EC4, =0.701 9;2—R*=0.953 7,EC5, =0.938 1;

3—R?=0.978 8,EC5,=0.968 8;4—R>=0.982 8 ,EC5,=1.687 1;
5—R*=0.983 7,EC5,=1.549 6;6—R*=0.990 4,EC5,=2.998 7

REF
1—R?*=0.980 6,EC5,=0. 535 6;2—R>=0.985 0,EC5,=0.5% 7;

3—R2=0.952 9,ECs=1. 127 3;4—R>=0.955 8, ECqy = 1. 466 2;
5—R*=0.952 4,EC,=1.831 4;6—R*=0.973 8,EC4, =2. 103 6
(b)

=
(=]

o
)

o
=N

EQC}'/(mg-L™)
=
o~

e
)

e
=]

0 10 20 30 40 50
i8] /min
1—2018-08-19;2—2018-08-30

(e)

B1 WHBENEGTENEEETETER
RUEFERN

SEE%E . SBS ERERREVSIEDM SN - 229 -

TR, MHETHEWEMS L VBRERN EQC,.
(0.65 mg/L), FEF A/ 1T H EQC,,.. (0. 85 mg/L)
BRI s is e B s, X B TR
P PR b RIBOREARRR 11 K 15 e B TR
Fi ] SRR o felt = T TS e R A K, Y H R R
IR T iR B 5 v, A Tk P A P B S, DT 3 B0 4y
BT R R AR,
2.2 SOS/umu iRIEEIELE RO
B 2(a) 1361 0 8 A 19 H R T 4% R Ak
A ] B R AR s s ARk . f B 2 (a) AT B
st 1) B — RIS A UL A% 23 1 e % W B i) 1 4 282
RGN, B KN 0.070 2, 1 FP BRI TRES,
TEREFRAIN TEQ o0 BUBEK , 5 BE T[] 1 42 4 32
WA, B /N2 298 ng/L, SRR AT B TRl
R R T RKETS Y, W N 2 P A 7E i R i
15 Y 25 K W 3 AR R, HL 0~ 20 min B AR XS
S5 R VR T e DR a5 A% B M SR I
NN =g | R S CE 510 18] WA NI 28/ DO 8
P BRI RA B 0T 20 min J5 38 4% 35 M B8
/N HE 45~55 min BFR#EZE 298 ng/L,
8 J1 30 H J2 1 B W A% 3t o it v R b s AL B 1
4.0

3.5r
3.0r

0 10 20 30 40 50 60 70 80
FEAA B/ mL
1—0~5 min;2—5~10 min;3—10~20 min;4—20~30 min;
5—35~45 min;6—45~55 min
(a)

0 5 10 15 20 25 30 35
MR/ mL
1—0~15 min;2—15~25 min;3—25~30 min;4—30~35 min;
5—35~45 min;6—45~55 min
(b)

K2 8 A 19 B8 H 30 BHAE&AE-HM
KEMAFERT L



- 230 - FAX AL L

AL RSN 2(b) A 1 i, A 2(b) ]
DA, B W 3k e it 70 o — 20 e R UL ko
ARAL AR OR S KR /T R (E R 0.170 1,
HI2% 1 A, ARG A FF IR 25 min N TEQ, yoo A
1 300 ng/L B 4 K 2 1 766 ng/L, )5 Bl 7] i) ZE
K, BRI T5 Y AR i vl 3 A dE 1 R BR
[Fi) R A RAARE L' | T AE 25 ~30 min f 1 766 ng/L
PR ZE 1 197 ng/L, BeZW/NE] 574 ng/L,

1 BERWARBESERNER oL

FER TS 2018-08-19 2018-08-30
1 554.52 1300. 10
2 612. 67 1766. 36
3 728.97 1197. 30
4 660. 44 1000. 00
5 608. 52 950. 16
6 298. 03 574.25

Kl 3 R Wi I SR AR R s R EE AR AL
RAFT LU, B 3 A, B N P s A T Y B
AR, BIFERE R AT 30 min PIIA SR K
{8, Bl B WAL, R E JLAE AT, 25 8 H
19 HEEFTREFE T TEQ, yo0 22 H T 42 10 W {8 5 T B
WA I, A S R 2 i T A R A T o i i o
KFJG# , A0 R R 5 T o] LIS g 25 4yl
PRAR TN 15 G0 s Fft A PRI TR A FH B bR bt 2K 54
Al s ok 8 F 30 H B R4 I 454 sk B) B (AR & 7Y
BALTEPE A R T 8 H 19 H FEmIgE {4, #im v fig
S TR B b IBORE 1] B SR s, L R) 19 3 /)
WIFEARIE AR, (E I i 25 A 1975 G ) 2 Bl R T
SRR, EAR T A e A P Vs A o B = T,
TR BRI S BRI &

2000
= 1600F
0 2
£
< 1200}
(=}
g _
O 800 1 \
Q /\&\7“7
R i
400}
0 10 20 30 40 50
B} /8] /min

1—2018-08-19;2—2018-08-30

K3 WHENEELRREEETREN
BinEtk HF R

E40 HBH S H

3 it

(1) Wiz rh SBS R AR M R 0 &
PR RNSAL T EQC 0 Bl TEQ,_yo0 25101 FEl 43
1 0.15~0.65.0.21 ~0.85 mg/L Fl 298 ~ 729,
574~1 766 ng/L,

(2) FEW AR 7= A P 1R 30 min N EQC,,.. Fl
TEQ, xoo BIIBIE(H , J5 BERE T I R] AR, S PEREME
FIBAG TR A ) AN [R]85 7 AR AU, L% 9 ot
R, B AR i b B

(3) RN ZKHET Ab B K [l FH et 2 v, 388 Jn A 9 25
DU E A ST T3 T LR 0 b iz /K 44
TG YRR XERE 2 B A T AR [ 4 g g XU S
AR B EEAE TR L,

S 3k

[1] ¥ iR K B R i Je sk J [ 1] AL T2, 2016,45(9)
1771-1774.

[2] Z=%0 5Bk 44 , 25 LR IR0 AR 0 V5 e i 1 D 28 70 5 K B
F2[ 1] R E LR KHEK ,2009,25(9) :90-93.

[3] b, 3 AR ZE 45 1 SOS/umu BB T4 [ T A2 I i 15 25
PR J] AR TR HAA,2018,13(2) 1 106-111.

[4] BRI, SHIRIE, BB E 58T A%/0 b3 T2 WA TR T5 KN
B A Y EEETRA [ 1] SR BERR,2017,38(3) :1084-1092.

[5] Zhang Q,Miao L P, Wang X K,et al.The capacity of greening roof

i

3

-t

ey

to reduce stormwater runoff and pollution[ J].Landscape and Urban
Planning,2015, (144) .142-150.

[6] Ercolani G,Chiaradia E A, Gandolfi,et al.Evaluating performances
of green roofs for stormwater runoff mitigation in a high flood risk
urban catchment[ J].Journal of Hydrology,2018, (566) :830-845.

[7] B ST AE W E PR K B 22 2 A 5 vk B R F 5T
[ D] LAt EHRRIHE R, 2014.

(8] Ui ST T35 K Ab B T 25 v 27 A 0y i P A KK T 22 4
WO D] PE% P LSRR, 2017.

(9] PhBIA, bk, TR KA P 15 G 8 b B AR G HE [ D] N R BT
2010,32(7) :64-65.

[10] Tang J Y, Aryal R, Deletic A, et al. Toxicity characterization of
urban stormwater with bioanalytical tools [ J ]. Water Research,
2013,47(15) :5594-5606.

[11] Zegura B,Heath E,Cernosa A, et al.Combination of in vitro bioas-
says for the determination of cytotoxic and genotoxic potential of
wastewater , surface water and drinking water samples [ J].Chemo-
sphere,2009,75(11) :1453-60.

[12] Aok  MRDAR B i 2 s RK IR IR (] AR
H#[,2010,32(7) ;42-43. 1



