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Abstract: Three surface water samples and twelve groundwater samples were collected in the region of Anhui sec-
tion in Huaihe River Basin. The acute toxicity and genetic toxicity of these samples were analyzed, by the test of
Daphnia magna acute toxicity (inhibition), micronucleus test and SOS/umu test. The results showed that for the a-
cute toxicity test, the acute toxicity of surface water and most of groundwater in the area did not exceed the thresh-
old of US EPA for industrial effluents toxicity (0.3 TU), the toxicity of two groundwater samples was 0.31 TU
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which exceeded the threshold. The acute toxicity of surface water was significantly higher than that of groundwater

by t-test analysis. In SOS/umu test, the results of two surface water samples and seven groundwater samples were
positive, showing DNA damage, and the induction rate of IR was between (2.20 + 0.063) ~ (3.36 = 0.067), but the
carcinogenic risk level was between 10°~ 107, The results of micronucleus test showed that three surface water

samples reached the severe pollution, and nine groundwater samples were negative. In conclusion, the acute toxicity

and genetic toxicity of surface water body were relatively high, some shallow groundwater also existed some de-

gree of acute toxicity and genetic toxicity, although their carcinogenic risk were in the acceptable range, still may

have a potential threat to the surrounding residents’ health. However, the deep groundwater did not detect any tox-

icity. The study provided the basic information on the drinking water safety and human health for the surrounding

residents.
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WP ARG . BT, A AR E IR THIR
WFFE , 2 BIIE AT 38 B AR 7K vh 22 3655 2 (PAHS)
B AR W R IR A HLTS G AR | IR IR Ik
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5 R BT A AR T K B 122 3 X P9 e A Y 2
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AP A SRR A SR Tl g K
AWFEE R IT I T RS, AT A BIEFE A T AR B
FKAANY IRAIK 2 AT SE G, O S SOS/umu i
)8 T B A AR B AR S AR WA AR
PERY 5 A FEPERIN )5 ¥ . SOS/umu 1845 A DNA 4
D355 umu SR T FRIRAE RGN i 28 50, B DU AT
ARGt i DNA 04055 D B it A2 21, © 981

1SO FRIE/KAE K 2 7K 38t 2 7 M Wl 7 s o 7 1177
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1 ##l5 7% (Materials and methods)
L1 AR

A-fiFg 5 v k- 1-58 16 ) (4-NQO, Sigma) . —- I 3
EA(DMSO, Sigma) , — 4 H o6 | B B P9 ) (€2 335 4
%[ DIMA) JiE 2 11 J(OXIOD)  #2 Z HEWR W it il iR
(Sigma) , 4B fiFf 3L 7% i > 2L A% 7 (ONPG, Sigma) , RP-
MI-1640 15375 (Hyclone) I 7™ Jifi 2F 1ML 3% (Gibco) |
TK6 ARGtk 4 fe(3E E ATCC),

A MAL (3 [H Organomation Associates), A 1.5,
fBEAE (g —1H) | 7% 22 9% K i bR 4 (Multiskan go
USA) CO, 3G F=A6 (18 ) | B0 PLA s i) .
1.2 FEFCREER AL B
1.2.1 REEPLE

T THE YT 7 3o 28 RN B R DX R 1S AN SRR A
(WL 1),S1,S2,S3 i FRIK ; S4 ~ S14 S 4r ik
JEHUT K, S15 AIRZH T K, SREERFIE] R 2014 4F
4 H,

1.2.2 KEEMEE

R OB AE 6 L KEE, THE 4 CIA7E, H
0.45 wm FY3E 38 £F 4 Y8 I e B0 28 ZE 0740 UE , # 4h
T 5 7K AE R G AL 19 HLB [ AH 25 BUNHE (6 mL,
500 mg, waters oasis)iEA TS , T KA BT R AE 6



5 6 1

BRIERAE . M) i 3 2 BUBOR MR E W s T 95
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aS11 812/
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Fig. 1 Sampling sites in the region of Anhui section

in Huaihe River basin

1.2.3  KAERVEIIE AN E 25

FH 6~10 mL PSSl 7K 20 i /NEE HEA TR
Ve AL TCE IR, B [F AR R Ve S
I, RAEIE B4 i 1 565 Y ot s v R A AR =
R /NT 0.6 WL 5, B HFE 78 3 25w b AR
TR W E 25 28 600 mL, [R) B PR 5 5 76 1%0 LA
FERHERAE R 2 . % & SOS/umu i
5 AW R 2 58 4 T48: 1] DMSO JE 45,20 C
fE, FrE s i s
1.3 mEMEI
1.3.1  KREVENS S g

JrikZ I US EPA #EMEI b AT™  SR
A 2 A I i ) & (Kt B DAPHTOXKIF
FTM MAGNA)#ATIRES . BARTT AT . bR AR
FEACK MR A8 K FERG Bl 5 U BEBREE (B 10%, 5%,
2.5%,1.25x ] 0.5%), IR ERG Bk b as A, BN IR E
M 4 VAT, B EATCE 5 AR A 24 h Y4
7%, LL 1% R BN A 770 % B8 F N TS0 48 20 C
TWEGEE IR, AR S 0 OO 5 2 B e
EC,, , I DL R AR HRE M 2 i (TU)

TU=100%/ECy(%) (1)

1.3.2  SOS/umu X%

TR0 R AR H] B A FEVDTT IR A (Salmonella ty-
phimurium )JTA 1535/pSK 1002, B 56 ki
IR 57, F4-80 °C Uk A7 1 32 ik 1A Bk TA 1535/

pSK1002 12 RS TR ), W 100 WL JEEBEINA
#| 10 mL TGA K553, F 150~180 r-min™ ,(37 +
1) CTRGMEFE LR, %2 KN TGA HiFffl 10 £%
Fike, T 37 CHR%GMHE 1.5~3 h, FFEH DL TGA K
FRHE R 2SO BRI E BRAE 600 nm AL WO BE (A
9025 ~0.30 B, 4 P& 35 248 F0OE K 8 BB TR
YER RS,

RIS M 1SO 13829 pEAT HAAK ) E:
T RBR LA 500 ng-mL™ [ 4-NQO AE Ky BH M X A&, LA
TCE K BAPE T BE L DMSO A FIw IR, 25 11 Ky
TR EIR) . TEBEbR AR A JC B AR K R
TTRBEERRRE L AL 6 D IREE 4 (RN 0.8 L,0.4
L,02 L,0.1 L,0.05L,0.025 L), # BJ5A&FH 180
pL, B 5 88 4080 3 A P47 BH VX BRZH A 4-
NQO 180 wL, ¥k Jy 500 ng-mL™ ;%57 %F BEZH
A 153 wL JCHE 7K A1 27 wL 30% f¥) DMSO; F 11 ) F
A0SR AL A 20 pL 10X TGA (% 1 10
g,NaCl 5 g, FE L FEWR R it 1R 11.9 g, i 2 ¢
T 100 mL Z&IB/KH , S EKE G, A 50 mg 2~
HRER), A 70 pL B, &N S EF R 270
pL. BFEEbRHR T (37+1) °C,120~150 r-min” F ¥R
3% 2 h, WU —RBEbeAR , BEALINA 270 pL TGA #5
FEEL(F] 10XTGA , % T 1 000 mL), I E37 + 1)
C s N b —35ge B AL I 30 L K5 354 2 AR 4 R
BIFLAR, B35 2 h, 76 600 nm FEWOERE BB
FEYHEAL 30 uL EEZLNNA 120 pL B-buffer 5
bR, E S A 30 pL ONPG, IR 2) )5 T (28 =
1) CHEHHEFE 30 min J5, FEmEFLAITA 1 mol- L
Na, CO, it I )7 BB , 7£ 420 nm AL 5E W6 R

ZERTHE S R e KPR SR R AT
AR gL S U E RN F GUER
IR FERL Y 4-NQO MUK [ TEQ, oo (ng-L ™LA
ETEYN 58

B-2FFUMHHT ARG PE Uunit) i+ B AR,

A420,S- A420.E

== -~ 2
¥ A600,S- A600.E @)
HERET GIiFEAR.
G =(A600, S-A600, B)/(A600, N-A600, B) (3)
FEEERIR ITEALR.
A420.S- A420,B
IR= ’ —x1/G “4)

© A420N- A420,B

TEQ4-NQO =IRy/ IR4-NQO (ng- L ) )
P=[(TEQ,u%0.001 x1.5)/651x0.369 6)
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Hp SRR EE IR B 25 IR BREE I N B X6} 15 Y FEEL PI= 5255 2H T A% R 25 [ 6 IR 241 1A%
MEZELL P FHPEXT RZE IR . A420 . BV AE 420 nm P R/ AP X A4 A IO R (7)

KR AYWOEE (7] ONPG 1Y ik (458 ) ; A60O ; £
TAE 600 nm I 4T IR BE (B TR DL BE ) 5 B0 KUK
P iR i R R A DI S PR LU, BUAE AR
¥z 65 kg i, B HYOKEH 1.5 LT,

1.3.3 ks

S M AT, BB By,

B IRAE R TK6 A0 i1 & 95 AL AR 3%
(HEFRIE . RPMI 1640 FE 5L, FEIA 10% B4 1L i
FIXAL(HEZ 100 Uint-mL" 852 0.1 g-mL"),
o8 200 if Y B U AR 4R TE 2% 10° ~ 1x10° cells - mL™ 2
(8], KRR AR 4 Mo+ 2% 10° cells- mL™" PA%EFL 1
mL AR 24 FLAR T, 1555 24 h, B2 380K A (L
FKBEFE RN 0.03 L, F KK 03 LyIm AR IR H
ARZEIEST 48 h 5 B, N A 1 mL % PBS
(51 mL 19 A W /KB HEIR — A 4M 31.2 g- L' Fl 49
mL i B T KRG HEMRE 0 71.6 g- L) UEMRA
M, BE 2 WK e a2 B LA 1 mL, 500 pL [ % W
(ngg: meg = 4. l)l_ﬁ]fﬁ, WCHLIR >) 5 T4 5 H Gi-
emsa YLIR YL 0, 13 min; BV E H B s WAL T 5
A% T 93 2R (MNC%o) 1175 YL H5 %4 PI,

2 Z R 57748 (Results and discussion)
2.1 RAENRZMEREE

SVEREE T A RRII(WLER 1), e AT Y
XA 15 DIKAEE BR 5 AN I E], Har 10 S KEE
HBFEE AR AR B A b, MoKk S2 BTk L
AR, S3 AT 5% s YR IE ML T K ER S16 7RI K K
TR IATAT M, K% 42 5S4~ S14 11 NRJZE
R KA S13.S12.87 W FETER K, T 3 17
S6.S8.S9.S14 K nth#ME, 35 E EPA /K HEK
FYFE AR HE K, HEBOK AR A 3 PE 2 51 < 0.3 TU
(TU NEgtE sy, TU #ROR R m B R, 75 W) &5
i 37 49 L 27K 28 4, AN SR HERC , DAL PR3 %t b
FoK ., SHEIBRE T, 24 h TEEIRIG T Hi oK 3
SR BT S B YN 0.3 TU MR TRt R,
3 S EEME Y S2>S1>S83, S1.S2 K FE Ry 2
S3 1 2.7 %, Hu R KA H BRI 7 AN KRR R EE
MEAE 0.035~0.22 Z 8], LA S13 o7 55 1Y 2 M fe = o
48 h B P, 3 SRR N Y B/ 03
TU,HFEPEYIHE 24 h %55 ,48 h B98N S2>83>

®1 EARERERAGREZEIMFERNER

Table 1 Acute toxicity results of water bodies in Anhui section of Huaihe River basin on Daphnia magna
24 h-ECy, 48 h-EC4,

(VA JER B /% JEK S /%

Site Percentage of the TEQ/TU ARSI Percentage of the TEQ/TU

original sample/% Result original sample/%

S1 524 0.19 426 0.23

S2 468 0.21 345 0.29

S3 1334 0.075 403 0.25

S4 2 000 0.050 1 587 0.063

S5 2 828 0.035 2939 0.034

S6 — 0 — 0

S7 925 0.11 540 0.19

S8 — 0 — 0

S9 — 0 —_— 0

S10 — 0 5040 0.020

S11 1 589 0.063 651 0.15

S12 1023 0.098 321 0.31 +
S13 459 0.22 326 031 +
S14 — 0 — 0

S15 — 0 — 0

"R AR B, <+ ZoR BB 03 TU, - FoREEMEARMEIE 03 TU,
Note: “——" No inhibition, “+” Toxicity exceeded 0.3 TU, “-” Toxicity did not exceed 0.3 TU.
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ST, 458k S2 /KFEMY R d K, ST, S2 By F- 44 7 1
W& T S3, M 1.04 £, HBTR /K S13 il S12 i s Ay
BEPE M 031, ¥ LM FRAE , KR EEPERLN B
Ll IR

MRYEA ST IRGE S3 I 2 M 4RI AE TR A
X EE S2 N ST A 2 R B A 988 i SE T2 R BT, AR
5T 235 S BEA SR I M I i 5 o 2 DX A Bk o8 T
FEMRAR X, AN, WFEAE R A IS A] L ST A p5 7K it
B2 R IR BB UR 0] R P 3 AT K
IR 5 S2 KAy T I 2 B A s T, 9 A
HRBPK AR ZE  BOE R, 28 e T I
%, HHiK R A B, S3 7 15 7K A R Fe #5 8,
S YRR W, Pl e ET L, AT A R
TAL I A K BTG e L AR A, 2R WA 32 15 G 1 7K T i
SR T —E R B TR

MHBZE K5 MR 7K A BE P Y (E t-test 25 2R AT UL
(W3 2),24 h 1 48 h (HER p {H5 4 0.038 Fl
0.002, /N F B 7K (P=0.05), B R K A 24 h
148 h Bt S ML R AKAEAE B35 25 5, RIWFY X Hh 3=
IR AR 3 = T HL R K, M R TR E 2
FERRIX R P A A 5 vt I AR B AR 25 (NP
BHLEEY) A 0 = A 0 A T T K RN By 3 (R 42 TR
FIMERR A L) DL S 3 & 358 = A 115 G 0 ()
oM RAR T K EE AR FHHEK SR AR AR
B2 L0 12 0 |t /S B 5 R G 0 e O R
K B, LR B TR T Y [ U « 3R A% FH 20 A 1
15 7K I Y8 SR K TR 5 A 106 iy M I o A 5 o K 2k
o EB ik = HEAK I FN 5 K AL BR R G5, A 15 15 7K Bt 2 HE
B, B B HE A, 38 TR S Y B RN It S
FEKHHL T /KI5 e i) FE TR, T R 7K 2 4 T R
15 QL it ATKAR S BOK AT Y s g, 3X Fh s e e
JEREZET 43 @Y FTF LA BAr T, iR AT
PEAR O] R 2R h RS Yty A KRR 25 T 4
J& MERERR ALY A EA Y SIRY, S —0r

T, B AR 2 e R 22 LA K I P i R K A AR K
U8, HLRJZ T K A3 B AR He s Rk it (HAZ05
YL 11 b 2 /K AR AT R L E B B S KR 2SS B 1
5 2 M 1) Ji ] DX 1% 4 U2 1l KK BT DA %
JEL 300 S8 B (g R 7= A A5 T L IX R R 2 R KR
B O aRMHAFREE R RN, M s R
WRRZE TR KTEARR I B, ki 4 HHAZ
F| b F KI5 Y AT BB/
2.2 SOS/umu 56

FRPE SOS/umu A I 25 - 43 Hr (WL 3),S2 .83,
S6.S10~S15 3 9 M7 S /KAL) IR>2 , /KBRS FHAE
FIH AR TE, S11.S13 Fl S2 v s /K K it 15 55
Prf K, HIR (B854 3.36 + 0.067 .3.11 + 0.073,
3.01 £ 0.061, KT 2, HLFAKAIIRZE S2 £/ s Y
B AR, ML 4518 1E Z T2 3 A9 rh e 15 2]
THESEPT ) 12 AN R KA S R A 7 N ERZ T K
PERI B R, T SOS/umu 5 1E K —
FHE B AL FE AR I ik, FLRT N i) 2 DNA $i
Bin| & B AL 20 A | B Y 2 AN ] 286 2 (0 5 A
Py B LA LA I 235 5 3% B 3 B 3 e UK R AE AR
fie T2 DNA i s BY I, 55 —J5 i, LAEL
Jet KURE P AT, Bl i 6 7K S2 7 5 Y B0 XU, 34 )
107, HA S K FE R ECE XS P ¥I7E 107K, 3£
EPA X T S50 ) o 1) B0 RS 2 SR P il 7E 107 ~
10 AT 3232w L, IF LA 10/ A PR bR ofECY ) it
AIHT, MUK S2 7 ik 3] 3€ [ X T B KU 1)
il () B AR K - 2R AT AE P 4232 3 Rl N 5 AR A
P T 5 1 0 RURS: Ay 42 25K DRk oAy FROSR A
58 DRI — 2 [ 3t K R R 7K AE SOS/umu iR 5
i AR B, EXF A AR 1 i R JXUIS: 473 Ak F 1T 2
Z WK,
2.3 [

AR 25 3R W], S1 .82 | S3 =N SR K A i
N R B G e (R ER O 0.03 L), YA B E

®2 EARBRBRKEREZIESMEE t-test 5R

Table 2 t-test of water body toxicity assessment on Daphnia magna in Anhui section of Huaihe River basin
95% i AF X Il
PIEEE PRifER 2= (E 95% Confidence interval
Sig. (WU .
t df Mean Std. error of the difference
Sig(2-tailed) ) )
difference difference TR R
Lower Upper
24 h-TU 2335 12 0.038 0.1059697 0.0453812 0.0070925 0.2048469
48 h-TU 3.870 11971 0.002 0.1587576 0.0410210 0.0693569 0.2481583
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Table 3  Test results of water genotoxicity in Anhui section of Huaihe River basin

- SOS/umu %4 Micronucleus
Site R AL TEQ4xq0 HOHRK P OB o o e gl
(x%5) Genotoxicity Apg-L™) Carcinogenic risk  Micronucleus/%o Pollution level
S1 1.65+0.022 0.0417 3.55%1077 28.64+2.03 4.06 H R Severe
S2 3.01+0.061 + 02113 1.80x10%° 41.00+2.08 6.11 HE Severe
S3 2.21+0.027 + 0.0669 5.70x107 31.67+2.03 4.56 T RE Severe
S4 1.35+0.054 0.0294 2.50%1077 6.67+0.67 0.39 & None
S5 1.49+0.13 0.0170 1.45%1077 6.33+0.88 0.33 Jt None
S6 2.20+0.063 + 0.0413 3.25%107 18.67+2.03 2.39 "1 Moderate
S7 1.39+0.035 0.0248 2.11x107 7.67+0.88 0.56 J& None
S8 1.82+0.058 0.0486 4.14x1077 15.00+1.15 1.78 A Mild
S9 2.71+0.012 + 0.1037 8.83x1077 6.00+0.58 0.28 JE None
S10 2.58+0.058 + 0.0815 6.94x1077 6.33+0.88 0.33 7t None
S11 3.36+0.067 + 0.0842 7.16x1077 13.33+0.88 1.50 B Mild
S12 2.70+0.073 + 0.0582 4.95%1077 5.33+0.33 0.17 JE None
S13 3.11+0.073 + 0.0902 7.67%1077 11.33+0.88 1.17 Jt None
S14 2.78+0.11 + 0.0690 5.87x1077 7.00+0.58 0.44 J& None
S15 1.80+0.013 0.0480 4.09%1077 7.33+1.20 0.50 JC None

V54 H PLEYE T 3.5, 430128 4.06.,4.56 F16.11,
Horbr 82 o7 s KA R 388 4% B 1 o K, LA %858 3|
41.00 £ 2.08, HiF/KAy B fE Bt (R EE =N 0.3 L)
LbHb e K B S 2 o R S6 SR EETS 4y, S8 (ST
KR FETG YA, Ay O AT s S AKG T H Bt A% BEE
i HLH: P IEARERTE 0.5 LIR, o] UL, 3K 1 2%
FE (O K B 85 1 1) 1710, {82 Ao A 475
SR B e v 1 3 A% 0k, Ul I e K i 5 Y fi 5
HeHE T K R, ik 5 R Y R 2 B P DL 2 SOS/
umu J50 AR 25 SR LA AR AT, LR S2 i 5, 7E
3 RE PRI B R S e, TR S
SOS/umu A [A] , FLFE 735 (4 J2& G 60 A Fi 473 1 25 44 R 8
SRR BT LA WF T I Sk i 2K R 43 KGN o A
(1N K R AETERE B | & Y AR S 8 1 T 4y o, T
H b ZROK 75 Yo B0

25 LR AR A AR W] 3 A MR AR R
R 2 PR S 2 DNA 0475 85 e 6o 1A S5 110 38t
FEFEPER A, TS S2 i e, R
J2 T AR A A 1) — i B B AN [ A 0 a5t A
AR XU 43 B HE 3 7E AT 42 32 [ (R R KR B 48
BTG Y% AT AR i ] R ) 4t 7 A v A SRS
[FIEE, R 25 4t T 7K 7E = 2B PR h # R B B
bR S U1t S R e VAP P < 0 I R B S

BB TR TS Y ) L, DA B 3t 3 7K R R 7K A 5 4%
UL % T LV

BITEEE N RBA (1967-), %, TR F L HFRR, £
TN F RS A e 5 5 4 e RS RN AT A
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