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Fuzzy Comprehensive Evaluation of Water Environmental Health Risk in Anhui Section of Huaihe River Basin

WU Zhuan-zhang, GENG Tian-zhao ( Environmental Monitoring Central Station of Anhui Province, Hefei, Anhui 230071)

Abstract [ Objective ] To carry out Fuzzy Comprehensive Evaluation of Water Environmental Health Risk in Anhui Section of Huaihe River
Basin. [ Method ] The fuzzy comprehensive evaluation model of water environmental health risk based on interval numbers was applied to two
audiences. The water environmental health risks of 6 water quality sections of Wangjia Dam, Lutaizi, Stone Port, Bengbu Gate, Estuary of
Foam River and Xiaoliuxiang in the Anhui section of Huaihe were evaluated, respectively. [ Result]The risk level of water environment in
each section belonged to low-medium risk, and carcinogens were more harmful to human health than non-carcinogens, and the health risk
caused by water pollution to children was significantly greater than that to adults. The section of the Stone Port and the Lutaizi section were the
priority control sections, and six valence chromium was the priority pollutant. [ Conclusion ] This research provided theoretical references for

the management of water environmental health risk in Anhui section of Huaihe River Basin.
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Fig.1 Bitmap of water quality monitoring points in Anhui section of Huaihe River Basin
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Table 1 Reference doses of non—carcinogens through the drinking wa-

ter route
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Table 2 Evaluation criteria for grade division and score
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Table 3 Total risk value and corresponding level
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Code G value Risk level
1 0~1.5 I %
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Table 4 Comparison of pollutant concentration interval representation in each section of Huaihe River from 2015 to 2017
" A It LTI
L AL i il # * # B BR g gy A
Cross Hexavalent . . . Ammonia . . Volatile
Year . . Cadmium Arsenic Lead Mercury Copper Zinc . Cyanide Fluoride
section chromium ° nitrogen ° penol
2015 EZH <0.00400 [<0.00005, [0.001 14, [0.00036, [<0.00004, [0.00330, [0.00700, [0.19400, <0.00400 [0.39000, <0.00030
0.00031] 0.00406] 0.01747] 0.00009] 0.12920] 0.85700]  1.290 00] 0.550 00]
BEH [<0.004 00, [<0.00005, [0.00015, [<0.00100, [<0.00004, [0.00140, [0.00600, [0.12300, <0.00400 [0.37000, <O0.001 00
0.006 00] 0.00050] 0.000 8]  0.00500] 0.00005] 0.00300] 0.12100]  0.516 00] 0.552 00]
£33 [<0.004 00, [<0.00005, [0.00015, [<0.00100, <0.00004 [<0.00008, [<0.00067, [0.04000, <0.00400 [0.39400, <0.00100
0.00600]  0.00050]  0.00088]  0.00500] 0.00330]  0.08800]  0.89500] 0.483 00]
B <0.00400  <0.00500 <0.00050 <0.00500 [0.00002, <0.00500 [0.00250, [0.03900, <0.00400 [0.57000, [0.000 15,
0.000 04 ] 0.00300]  0.657 00] 0.83000] 0.00020]
WA <0.00400  <0.00500 [<0.00050, <0.00500 [0.00003, <0.00500 [0.00250, [0.06600, <0.00400 [0.60000, [0.000 15,
0.000 78] 0.000 04 ] 0.00300]  0.87000] 0.920 00]  0.000 20]
/I <0.04 00  <0.00500 [0.00080, [0.01000, <0.00005 [<0.00500, [0.01000, [0.00200, <0.00400 [0.20000, [0.001 30,
0.00360]  0.020 00] 0.01000]  0.33900]  0.861 00] 0.660 00] 0.002 90]
e - e s
gy B NI i %’ﬁ * f 4 AR g omw A
Cross Hexavalent . . . - Ammonia S . Volatile
Year . . Cadmium Arsenic Lead Mercury Copper Zinc . Cyanide Fluoride
section chromium nitrogen penol
2016  FZIM  <0.004 00 [<0.00005, [0.00070, [0.00120,  <0.00004 [0.00200, [0.00100, [0.13000, <0.00400 [0.35000, <O.000 30
0.00049] 0.00375] 0.01108] 0.00910] 0.503 00] 1.070 00] 0.600 00]
“i [<0.004 00, [<0.00005, [<0.00030, [<0.00009, <0.00004 [<0.00008, [<0.00067, [0.08400, <0.00400 [0.30400, [<0.000 30,
0.006 00] 0.00145] 0.00224] 0. 00744 ] 0.01780] 0.35700]  0.847 00] 0.57200] 0.002 00]
fi3kH [<0.004 00, [<0.00005, [0.00015, [<0.00009, [<0.00004, [<0.00008, [<0.00067, [0.10700, <0.00400 [0.26200, [0.000 30,
0.006 00] 0.00039] 0.00242] 0.00478 ] 0. 00005 | 0.01760] 0.55700]  0.901 00] 0.607 00] 0.001 00]
IEMEA F - <0.004 00 [<0.001 00, [<0.000 10, [<0.00100, [<0.00001, [<0.001 00, [<0.00500, [0.08300, [<0.00100, [0.34000, <0.000 30
0.00250]  0.00033] 0.00250] 0.000 03] 0.00250] 0.01000]  0.91300]  0.00200]  0.640 00]
I <0.00400 [<0.00100, [<0.00050, [<0.00100, [0.00001, [<0.00100, [<0.00500, [0.06300, [<0.00100, [0.42000, <0.00030
0.00250] 0.000 67]  0.00250]  0.000 04] 0.00250] 0.01000]  0.98300] 0.00200]  0.83000]
/MR <0.00400  <0.00500 [0.00090, [<0.02000, <0.00005 [<0.00500, [<0.00200, [0.01800, [<0.00400, [0.22000, [0.001 10,
0.00480]  0.040 00] 0.01000] 0.14100] 0.96300] 0.00700] 0.56000] 0.003 10]
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2017 EZFH <0.00400 [<0.00005, [0.00032, [0.00004, <0.00004 [0.00210, [0.00100, [0.11300, <0.004000 [0.33700, <0.00030
0.00025]  0.00659]  0.00543] 0.009 50]  0.07800]  1.540 00] 0.660 00]
as [0.002 00, [<0.00005, [<0.00030, [<0.00009, <0.00004 [<0.00008, [<0.00067, [0.08000, <0.00400 [0.28100, [0.000 15,
0.00270] 0.00041]  0.00170]  0.006 46] 0.00370]  0.30600]  0.871 00] 0.499 00] 0.002 00]
£33 [<0.004 00, [<0.00005, [0.00030, [<0.00009, [0.00001, [<0.00008, [<0.00067, [0.10000, <0.00400 [0.31300, [0.000 10,
0.00500]  0.00099] 0.00290] 0.00653] 0.00003] 0.02000] 0.11200]  0.900 00] 0.49200] 0.001 90]
AR <0.004 00 [<0.000 05, [<0.00030, [0.00004, <0.00004 [<0.00008, [<0.00070, [0.06000, [<0.00100, [0.29000, <0.000 30
0.00042]  0.00530] 0.00141] 0.00202] 0.08600] 0.51800]  0.00200] 0.544 00]
IR [0.00200, [<0.00005, [<0.00030, [0.00005, [0.00002, [0.00004, [0.00035, [0.07000, [<0.00100, [0.45400, <O0.000 30
0.00244] 0.00050] 0.00560] 0.00210] 0.00004] 0.02000] 0.06300] 0.87000] 0.00200]  0.670 00]
/I <0.00400  [0.00003, [0.00060, [0.00004, [0.00001, [0.00144, [0.00035, [0.04000, <0.00400 [0.32000, [0.00025,
0.00250] 0.00341] 0.01000] 0.00002] 0.00250] 0.03800]  0.946 00] 0.586 00] 0.001 50]

2.2 REEIEM MK 2~7 0T LI Y S0E Y AR e
TR TARBUEY) . AR TEUEY , AES0EY T BUK IR X
WAl LGN T 22 B B 45 W T 5 e T B P S5Ok A
B AR XU T PRl 5 ) L2 BT 50K A58 f e XU 91 R AR Tl 3
TAHEAL, 5 WIS bt LA 1) XUBS: B 3 i TN, AR B
Z ISR AT i, 2015 4F 45 Wi KR BEATE XS (R
H = BUIAR YN A Sk 35> 65 5 480> /IS > T G340 VR 11>
] 152016 45, 45 Wi K PR A XU (ELHE P i s B AR U
N G AT SRS /IS > T KIS R 1> i 152017
A A WK IABEAE ERUS EHET s BUIR R A Sk 3>
> FRISEEE ] >/ N> & G, b, A3k
L 3 AR A TRIBTTE 2015 1 2016 AFAk 2 S0 P T SUE XS
TRV S DA e KA FH S8 o LA, B R A 2 AN W 7S 4
VR P R RAEL P 08 AT, PRI, A S ST TR S 157

Wi ST B e TS e
2.3 EHEETN  MRIEXESRERE AT, TR 6 4
WITTET XA XS S5 2 1) SRR BE £, DL 50 il SRR BE TR,
AT RS T 2R BEATOK PR A ARl s O, W2
6. BRE G AUBTHIAIASKIRBTTI(E 2015 4F JLZE/KF- 2016 4L
AR NI A ATRIRIBTHI(E 2017 4F )L EKF 2ok igie
JITBUAR: 45 2 S I8 AR — i KUz A1, HCAx 1B THT A 2015—2017
A BRI ILEK b, 0K B BT BUA R 2201
TGRS . IBASK T ,2015—2017 473k 15 22 BB ok
(7K PRI A BRI S T B0 e A WL 784, 2T TR —
HRRURE AT o
3 &g

(D) AR T X IR B 25 5 PP ik 9 S Aty 3 TS
BRI BEIAL R ) 7 B A5 R  KU: AT S5 G PPy o T T2 2L



46 %27 4 REFE TR R BBUK IR S B R e B4 45 B3 71

i 2015 #2016 02017 - 2015 #2016 02017
= | 2 |
x 8 = 3
gz gz
8 Of <3 6f
&1 .8 &=
Ry O w Of
E g H
£ 3f - = 3t - -
£ H £
2 2
E\'E RG] ‘u-\n-i——' Q ns 5 en C\'E - ‘u-\n-i——' Q 0= 5 )
RE ¥ B J3 pt°E ef 88 3% XE J3 puk gf
M2 k3 kg oz ST LE M2 k3 kg wz WS L3
= g ¥® "£§ T3 & g ¥® "£§ T3
§ xn ki E AL .g § xn ki E AL .g
< <
Brdg Cross section Brdg Cross section
2 AEWTELFBEY X ABTBUK IR E R XU X [8{E B S5 AEEELFBEDILERBUKMEERERE X EE
91743 ]R3
Fig.2 Comparison of annual risk intervals of water environ- Fig.5 Comparison of annual risk intervals of water environ-
mental health to adults caused by chemical carcinogens mental health to children caused by chemical carcinogens
in different sections in different sections
_— 2015 = 2016 02017 _— 2015 = 2016 02017
= 14F S 16t
X X
= 1t = ur
=T 10| =% uf
mg 8 mg 101
4= 8 5 ol
=2 gt £y S
# I 4o 6f
LI T T il o v YW H
g I D g 2t (]
0 0
E\'E RG] ‘u-\n-i——' Q ns 5 en C\'E - ‘u-\n-i——' Q 0= 5 )
g2 ¥5 %5 J8 pSh %5 84 BT XE 8 pth gl
M2 k3 kg oz ¥5T LE M2 se3 Wwg w2 W5t oE
) s ¥® 2§ T3 & 5 %2 TZ§ T3
§ xn ki E AL .g § xn ki E AL .g
< <
Brdg Cross section Brdg Cross section
3 T EETEIEBIED I A PTEKIME R R E R X EER Bl 6 AE T EEBEY X)L E T BUKIME R R XU (X (B {E Y
L 747
Fig.3 Comparison of annual risk interval of water environmen- Fig. 6 Comparison of annual risk interval of water environmen-
tal health to adults caused by non-carcinogenic substances tal health to children caused by non-carcinogen in differ-
in different sections ent sections
- 2015 #2016 02017 < I 2015 #2016 02017
= 8t 2 gl
X X
g2z 23
55 of 55 of
&8 #.2
Ry Of wy O
T4l £yl
E I E
g 3t - = g 3t - =
: XE ¥8 #E HE nwp %Y : XE X¥E g MHE8 n%sp %2
RS $E: k& EBEE koo &3 RS $3 X& =3 Eas &3
M2 k3 kg oz ¥5T LE M2 se3 Wwg w2 W5t oE
) s ¥® 2§ T3 & 5 %2 TZ§ T3
§ xn ki E AL .g § xn ki E AL .g
< <
Brdg Cross section Brdg Cross section
4 FEETES R R ARBKEREE 2R X E{ER BE7 FEETESRXILERBUKIMERRE B XK X EEN
b L
Fig.4 Comparison of total annual risk interval of water envi- Fig.7 Comparison of the total annual risk interval of water en-
ronmental health to adults caused by pollutants in differ- vironmental health to children caused by pollutants in

ent sections different sections



72 B LA 2018 &£
x5 RERNBENSERREELE
Table 5 Comparison of grade membership degree of risk value division

i ER ah Tkl wpw - JRTH AN

Item Wangjia Dam Lutaizi Stone Port Bengbu Gate F&am i{yiver Xiaoliuxiang

2015 4E i A Adult in 2015 1. 000({1%) 0.514 (i) .0. 486 0.511 (fik).0.489 1.000(f%) 1.000(f%) 1. 000( fI%)
(fie—h) (fik—+)

2015 4E JL# Children in 2015 1. 000( %) 0.478 (fi£) .0. 522 0.476 (fit) .0. 524 1.000({%) 1.000(fI%) 1. 000(1I%)
(fif—h) (fif—+)

2016 4F A A Adult in 2016 1. 000(fI%) 0. 446 (i) .0. 554 0.454 (fIk) .0. 546 1.000({%) 1.000(f[%) 1. 000(1I%)
(fik—h) (fi&—+)

2016 4FJL# Children in 2016 1. 000( %) 0. 415 (%) .0. 585 0.423 (fIk).0. 577 1.000(fk) 1.000(AI%) 0. 993 (k).
(fik—h) (fi&—+) 0. 007 (fi&—")

2017 4E R A Adult in 2017 0.923 (fi%).0. 077 1.000( %) 0.528 (fi%).0. 472 1.000(ffk) 0.884(fik).0. 116 1.000(f)

(fif—H) (fi&—+) (fif—H)
2017 4 JL# Children in 2017 0. 859 (fi%) .0. 141 1.000( %) 0.491 (f£) .0. 509 1.000(ffk) 0.822(fk).0. 178 1.000(f%)
(fE—rfr) (fE—H) (f—1)
xR 6 GERRERERKIMERREXEERL S
Table 6 Classification of water environmental health risk in Anhui section of Huaihe River Basin
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Item Wangjia Dam Lutaizi Stone Port Bengbu Gate Fo;nn River Xiaoliuxiang

2015 4E A\ Adult in 2015 I 1 I I I I

2015 4 JL# Children in 2015 I I Il I I I

2016 4FAEA Adult in 2016 I I I | I |

2016 4FJL# Children in 2016 I 1 1 I I I

2017 4E i A\ Adult in 2017 I 1 I I I I

2017 4 )L# Children in 2017 I 1 I I | |
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