ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

£

2013

RERFERESISHEHSR RO EH
4 4 & K B U




W % B 3 $34 % 2

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 20134 2 A 15 H

H K

16 Ji iz 23 BTE]) MR X PM,, A4 7 Rk S H X 5 RS RG] - R, R A, B, EEE X, K409 )
AT X BT SE 55 K PM, 150 SRR EME AT oo RAE g, B, D ERE,EF, T 416 )

FHRAZERS VOCs 3 IR A WU B A B BTHE B TEIIEIY - vevvrerrrrrerreesennsnnnsnnniiasesaesssiiinniieaaeseeens
------------------------------ KA, AW A EAR AAT, RR, BH, FER, ERE AR, RYE(424)
BN T IS B A0 IR KR BEJEZE AT PRAE < v vevrvrrrereeeesesnnnnnnnniinanenenns WANE I AAER X MR 434)
{55 TR T P TE R 5 KT BRI oo H4 BB, XA, ERE(441)
2575 0] 1) PG 2 X B S A TS LA FERIFGE, veeevvveeeesemmmmeeesmsmneees sttt e st B 4r B RE T A (448 )
P AR KIS L35 5 PM 1 PM, TS LTS YFAE  ovveemeee e FMWAM, 00 K R (455 )
FETH 5 T S H R KI5 JBEE B TVOC FURG R AYTEA <o oeeereeeerreen, T %%, 2058, N 4L, Kk B (462 )
A 42530 18 ] SR AT BRI v eveeeeeneenneneeneeneeneeneceneineenens W, ET, KB KE e | FBE( 468 )
YETE E A BTG Y MR B RIS R BAPEHIFTT coovverereerre s AR, By e WM, X, 4B (476 )
TEFA e I K PAAAHIR ) 7 2230 S5 A FLI A SR BRI AR IF T eeveemveeeees BRA, BREAE Ak HE T RE L AE  # = (484)
TRXIRT B HRESE LTS PCEs S i L ME R oo X E A, N K2 (494 )
N o TR N TNy 11 A T P HE(R, EiLE( 499)
TETTFAB K AL S I HE— L T IK ceeeeremrrensrnn e ﬁ\%ﬁ,ﬂijﬁj’fgﬁﬂ(j}g,%ﬁﬁi,%\ﬂ T ( 509 )
KT RIS ACHIA K T 8 BRI S I PR AR ATE ST oo eeeeeeeme e B BE, TKIT AR, AR, KL% (517 )
PN i AR AR I 2 38 TS RO AR 1 P B S M R BT oo eeeeeeeee e EER,FTHE,BEE B, BE,RE, BIEAE(525)
VN B AR R SR ] LB MR SR DT 2 A o S e S E A 3R (Y SR e B, PR R HEH(532)

[ 8K S P TF ER3 1 1 b A ST 7K 4/ BEZS (] 43 55 K L G R S0 ZABIFGT vvveeeererrrsrennnnnnnenesenssniniinnnieaaeess e snnans
.................................................................................... Hler XaE,EZER, X, EEF,EHT(540)
MRS Ml A A5 e 2 TRV B AR - oveeeeeeeems s P, R, 3 A, R AE( 547 )
LA I AR A BRI E - vvevoeeee oo B HEE KA, KR, M R, K 555)
I T T I AR T A RS 1L TR T G ARAT +oeevovemrvmmemmreneessennsssnnsittireees s sttt e ae e e s e T ENE, ERA(561)
G 4 N T ARG A TR T AT R SRR - (R0 I XU, 44, T B98I ARk, E (570 )
43 K P SRR TR 0 T BB - ove e HOF TR, KR, B B B IR R FT AR ( 576 )
1 B VA T TR BB A 0 2 e R VR AL IR TR F] - v veeeemmmmeeee e et e ittt oA HHET (583 )
IR A L 0 X R AT PE R R - evevoven e Pt EUR, B, RH R, ERF(589)
Ti0, SEHEALIE A AR BRI T U BB J15E -vereereeereeeee hbk HEE TR TR, AEE(59 )
F 8 K AT LTS L) AR EETIT Y <+ vveeeeveeeeesmmmeeeensmniee e e et TE ZHL A, ERT(604)
%\%%jﬁ“ X645 Xﬂ'{%ff—k%ﬂél AR30 E@F%ﬁ?*ﬂfﬁﬂﬁﬁ?‘f ................................................... HL%TK , ﬁéjfﬂﬁ_, gfg ﬂ}( 611 )
— AR A A AR T B TAPERERIE AT v AR, G am B M, B, EF,H AH( 616 )
FET G IR IEACRI 0 8 A%/ NERIE ( Chlorella pyrenoidosa) FEFRWEGE --oeeeeeeeeee MEE,Eok, HitE,NEE(622)
TR FNFAE I WU VS JE T AT RB I FEIE  wovvverneereeeenrennieeeieninenns WX ., o423 AR, B 8, Bl BL( 629 )
RIRFK A B ERE X DL R A3 FR BRI CH, BUFEIA «veveeeneenmmnmnnnnnnnns hFE, R R, B2 AR, FER( 635)
o 20 F LR 7 BB 2 1 PCDD/ s 4 KT BT v HE BBE, BRE(642)
ST S b T Y s R A SR SRR SR GBS - oveveeeooe SR M REE, L RA,RER, B KT 647)
L R R St YLl o 1 WME, FEL, T8k, 254, EH653)
1T KA HUE Y PR E ARAR BRI GG IRAL o ovvee e Fwrir, Bmde, R E R, LB, KT (662 )
3 L TN [R5 A SBEAG UR E B A IE RIS, <+ v vvvvvvvrreeeessennnssnnnsnrnneaesesssnniniiiineaeeaaeess AkE BHE, KA (668)
B AFHHAR , R XKL ATI R oeeeeeeeeeeeeeees I BB K OUH B B LRI K KA B (676)
FRAE T S F X4 75 oA F - 338 B AT AR AE WA SR BRI weeeeemmmeeeeeieeens Kb, THH, FARAN, HMEM(685)
K IAREALHE T FF H A MU ST - veeemeeem e T R ENL, B, RAEK, EHT(692)
AMRCr( 1) ZEFRE 22 Fh B 4 58 p ) 2 AL RRAE R S s i R -1 5 -+ -+ - AR 2 ¥ B w0 B H, hF R (698 )
FERRSFA P A T 15 B S s 33 P 7SS 7S AR B AFAIE -oeveeee e B AR R A F L, AR 705 )
TR ) L3 A i SR B RS AT T S JBU AT v e vveveeeesemmmeeeeennieeeen e X%, EHY, ZEH L ME( 712)
KB BAG H R HLFTG IR R REIE oevveeerreerenninnnn WA, K ez e K, B, 0 B m( 718 )
DI S 2 T2 B | M U A BYTMRE  oeeeeeerrrmme e FoE BT BRIR B, KR, X Ak ( 724 )
SRR R TV AR B ST -eveemereeeremmenmenennenee e EEE MkE HER, ZER(T32)
LS e AE 7K R FIAR L A 9 5 B BRI 5T - eveeee e FAEE TR X, W R, A A 740 )
2 R A At S ) R 0 ) A 20 R O 2o B L R e RE, X, & EAE, REM, B 746 )
SR TR YO PR IL A ARERIEE  oveeeveemeerneereeeneeneeie e i R H A ERRE P HF( 753)
I 5 e 25 A1 X R 0 A AT SR AR A RIS B RE T e eeevemmee e JER %R, Tk, N5, B, EER( 760 )
16S rDNA FERE SO HT R & 5L AR YRR RGP R - XNILE, BED ek, THEE WWHH(767)
FHRAWEXT CANON T LI REMA Y F FE FIBETE L5 R IARE I eeeemeeemeeennneeeeennn X, A BT g, KA T73)

{4175 % ( Penicillium simplicissimum) ¥ A 2T 4 Z WM AR FARSCREEHEAR-IE o eoeree e
..................................................................... E RN, O, E S, F, XA, RAEE, X E (781)
R U AT GEL L -2 Lo T i 11 Wi E, 2R, A )|, 2 (789 )
- 7 AL S AT AR (R BRI BB -oeooeeeeeeeooee IRD,ERE KAE, BRM R 795)
T B B S KA o vvvee e o I E B, KR, B Rk, EAF(804)
YA ] T AR A RGN AL, v veeeererrrerrrrrnrnreeesensennnniiiiieieeaeses e 22 wm A HER, ZAA(810)

(ABEREMVEITIRTFE(447)  CABERFE)ERR TR (493 ) 55 (508,588,610,731)  LHRALAEKI(788)



Vol. 34 ,No. 2

534 B2 W BN =3 > ==
20 i i A S Feb. ,2013

ENVIRONMENTAL SCIENCE

B f5 it Tk 5 SRR T 7 S 5

BE', Tyl BRI 2w e fh

(1. T RFIREE 5204 TRR2ERE WM 2131645 2. FRESAR I IAEFT IR BRI EBF50 B, M 510655)

RE . KRG 1L TR P15 S T X3 T K75 Y KBS PEA 38 A 2R o DX T /K 43k e 55 PR BT . (X 3805
YL PE R VA R DX SRR 75 G ) i S U DF M. SR 248 bR 6 07k % 3 NI IR REEATRE A, 9742 F ArcMap 1) Spatial
Analysis DI BE il B AT RS ZRAF , NI EESE T XA R O [R] [ 2R 45 1 . R [R5 S 2 A0 (1 DX It ™ 7K 75 e JRURS: A0 1)
Tk LAE I SR, R 2 5 o6 2 T K IR A T V5 Y RS PEAN , WIF 9 3R BRI T R OK B 35 MR8 S &, B AR 5
YRR E R ST KT Y KBS BN 5 3275 e B 15 R TR RZ A, H PH TS IX N B e IXUBS: (55 v . T IR E b T /K5
Y XRS5 HLA A AN 5 Y IR 558 95 DX 30 93T 8 R - B R R i — 2 DA G RIRR X B L AR R s — 7

KI HFOKTG YL KU T Masste; 155, fERUS ; N

FESES. X820.4 XEAFARIRAE. A XEHS . 0250-3301(2013)02-0653-09

Study on the Risk Assessment Method of Regional Groundwater Pollution

YANG Yan', YU Yun-jiang’, WANG Zong-qing', LI Ding-long', SUN Hong-wei'

(1. School of Environmental & Safety Engineering, Changzhou University, Changzhou 213164, China; 2. South China Institute of
Environmental Sciences, Ministry of Environmental Protection, Guangzhou 510655, China)

Abstract: Based on the boundary elements of system risk assessment, the regional groundwater pollution risk assessment index system
was preliminarily established, which included: regional groundwater specific vulnerability assessment, the regional pollution sources
characteristics assessment and the health risk assessment of regional featured pollutants. The three sub-evaluation systems were coupled
with the multi-index comprehensive method, the risk was characterized with the Spatial Analysis of ArcMap, and a new method to
evaluate regional groundwater pollution risk that suitable for different parts of natural conditions, different types of pollution was
established. Take Changzhou as an example, the risk of shallow groundwater pollution was studied with the new method, and found that
the vulnerability index of groundwater in Changzhou is high and distributes unevenly; The distribution of pollution sources is
concentrated and has a great impact on groundwater pollution risks; Influenced by the pollutants and pollution sources, the values of
health risks are high in the urban area of Changzhou. The pollution risk of shallow groundwater is high and distributes unevenly, and
distributes in the north of the line of Anjia-Xuejia-Zhenglu, the center of the city and the southeast, where the human activities are
more intense and the pollution sources are intensive.

Key words : groundwater pollution; risk assessment; vulnerability; pollution sources; health risk; Changzhou
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0.5 0.8 0.2 0.8 0.2
0.2.0.5 -0.1 05 -0.1 %3 BNPRESHINELRAUMGAE
Q = 10.8 1.1 0.5 1.1 0.5 Table 3  Effective form content of heavy metals in vadose
0.2 0.5 -0.1 0.5 -0.1 zone soil of urban area in Changzhou
0.8 1.1 0.5 1.1 0.5 K Clﬁfﬂf% .
VIFE B2 K, S5 5 e B eS80, T TR DAL TS 65 45 76 89
TR-BER-HPBli—2k 30 30 40 50

fo FEUE . I P S e AR R L KR,
HEA —EFMN M Cd, Ph, Fe, Cu N IX k4

Falil-JUH BB DR | TR X-E

VBT L P K5 K 67 70 50 80

TEVG 3. SR T Z A8 bR VA T 20 2 iF 98 IX B R 7K - JLHL AP 2150 60 80
Y UG 422 A B % — L 55 40 60 80
RIS S AR AL, I 4 P, IRIX M AR R 40 60 50 30

®4 WTKFTERESEITES

Table 4  Scores of the parameters of pollution source in groundwater

FEE g/ d 15 YR b A 3
15(1) <50(10)
16 ~60(3) k(1) <100(8) #(1)
wE (1) 60 - 150(7) AR (3) 100 ~500(7) BH5(3)
AP EE(S) 180 ~360(8) () 500 ~1000(5) g (s)
RE(10) 360 -120(9) HE(8) 1000 ~1500(3) ()
’ w5 (10) 5000 ~10000(2) P (10)
>720(10)
>10000(1)
RS WMTKERESHHNE
Table 5 Weights of the parameters of pollution source in groundwater
15 ek BE bR FEIE AL LEES/HIER ERSHEE i
& 0.2 0.05 0.35 0.35 0.05
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Table 6 Water quality monitoring of groundwater in Changzhou

P ¢x107%/mg-L"" AR/ %
Cd Pb Fe Cu Cd Pb Fe Cu
Jo B LA A VT AR A [1,4] [1,4] [0,5] [21,54] 90 98 80 100
LR -BEIR-FB T —4k [1,5] [1,5] [0,4.7] [70,110] 100 100 98 90
ﬁgﬂg‘gﬁ; BLA, AR - B [1,2] [1,2] [0,5.4] [80,116] 100 100 100 100
ERumyIN:AVEi) [1,3] [1,3] [1,6] [97,126] 86 100 100 90
EE [0.8,3] [0.8,3] [3,6] [49,121] 97 100 85 98
I X K AR R — [0.2,3] [0.2,3] [4,7]  [90,126] 100 100 97 100
x8 EMENSRSNE
Table 8 Grading and scores of the evaluation criteria
IR G 51 PR AR EX (7] WA E
T AR [1.0x107°, 1.0 x10 %] 1
TR PR S T A [1.0x1077,5.0x107%] 2
[T & 1| 2R 54 [5.0x1075, 1.0 x107*] 3
[ 0~3 IV XU [LOx107*,5.0x1074] 4
il -5 V G XU [5.0x107%, 1.0x1073] 5
s~ VIZ A [1.0x1073,5.0x1073] 6
Bl 5~20
B 20-~24
B 24~ *9 EESTLYUNMBBREENEXEERLENREE

B4 EMTERERFEITENIR
Fig. 4 Classification map of pollution source characteristics

assessment in Changzhou

x7 UEHEVBEERERHNERENSETE
Table 7 Carcinogenic intensity coefficients of chemical carcinogen

and the reference dose of non-carcinogens

YT Q/mg- (kg-d) 7! RfD/mg- (kg-d) ~' K
cd 6.1 — US EPA
Pb 0.008 5 — US EPA
Fe — 0.3 US EPA
Cu — 3.7x1072 US EPA

B PPN ARIEIX ] 53R 6 258 C, = | T R | 5
Co = { MHE-"PRUEE ] ; €y = F PR ¢ =1 IV
I-m XK 5 Cs = | VIR 5 Co = { VTR @i X
W | TR ARG T IR (3R 8) . iz I R AU 17
Wiy AR A A R T G W e ORI AR Y
NI JRUSE S5 R DX AN (7] RS 7K X6 5 S P
HESF ISR BE A, DT A5 3] DX 755 e ) fidt S DAL
KFEEH (R 9) , TERT A XSG AT BT e f
JSRE JRUISS: 7K -4 0 R AR, 745 28] ikt R RIS S 5 R (1B 5)
2.4 EOMNTTHL T KIS B XU AL

iz ArcGIS 9. 3 ¥/ Spatial Analysis XA
3(f) . K4 K5 FEATEN, AR NI K
V5 G XU FAE T, XM T DX T DX K S b

Table 9  Total risk of health hazards for toxic pollutants and

their relative membership degree

XU

SHX A (] SRR IE m
1 [2.6E-04,7.5E-04]  0.49 +0.51 4.51
2 [8.5E-04, 1.4E-03] 0.273 +0.727 5.727
3 [9.8E-04, 1.5E-03] 0.038 +0. 962 5.962
4 [1.2E-03, 1.6E -03] 1 6
5 [6.0E-04, 1.6E -03] 0.4+0.6 5.6
6 [1.1E-03, 1.7E -03] 1 6
fRE e R B
S
[ 09~1.7
B 17~26
Bl 26~34
Bl 34~43
Bl 43~5.1
Bl 5.1~6.0

14 km

B 5 EiiTKERRNESE

Fig. 5 Health risk level map of groundwater in Changzhou
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