F1sH E3MW (221 N | R S N 5 Vol.15 No.3
20174 6 A Soutlrto North Water Transfers and Water Science & Technology Jun. 2017

DOI: 10. 13476/ j. cnki. nsbdgk. 2017. 03.014

Wi, Bosy, R BT = AROMI B s R KR K D KR B A e VE 4] )] . R K B 5K R R,
2017,15(3) : 80-85. CHEN Jie, QIAN Hui, WU Hao. Health risk assessment of water environment in drink
ing groundw ater well fields based on triangular fuzzy number theory[ J] . Soutlr to- North Water T ransfers and
Water Science & Technology, 2017,15(3): 80- 85. ( in Chinese)

31,2 > 1,2 1,2
% F L& 2, % R

(1. K2R AR S TR, T 710054; 2. XM F K S AR BN A E HWESSLRE, 769 710054)

s NS K AR TS Ytk N AR R R TERAE A 5, BT = AR 300, Mo T /K R fel R R R A R0 A5 2R
ot 7 W L T b T KR 7K IR b K PR B A R RS AT TR, AT T AN E (S BRI S SR . SRR i R
PR A 455 SR %ot 2 B AN T 2 P AN AB0RR ;75 eI B PO AR T 2 o A 485 SR B K, AN RE TS ik BT 224k, LA
8 R AKARAFR L2 S BB AN 5 S/ o AW LTI 3 TR AR R TR bt S SO T G 0 fe B X TR AR,
T B0 B RS BE T HBEIE 1. 0x 104 &', Cr A% /KI5 g 2 (R4 8 RURS 3 3 4% il Fa b . 7K IR B {8 B RUR&: £
o BMEAR UCHE 2 N 58 K> 58 K> S DU K> 55—k JE .

s MR K AN SE s = A ORI R g R KU PP A s K U B
: TV213 :A 11672 1683(2017) 03 0080- 06

Health risk assessment of water environment in drinking groundwater
well fields based on triangular fuzzy number theory
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Abstract: In order to better determine the potential impacts of water contaminants on public health, a fuzzy model based on triamr
gular fuzzy number theory was developed to evaluate the human health risk of drinking groundw ater well fields in Shizuishan
cty in this paper, and then the effects of uncertainties on health risks were analyzed. The results showed that the health risk is
not sensitive to the parameter value related uncertainty. The pollutant concentratiorr related uncertainty plays an important role
in the assessment. If the changes in concentration are not taken into account, the calculated risks will be smaller. By using the «
bove model, we obtained the health risks of carcinogens and noir carcinogens in the drinking water well fields of Shizuishan. T he
chemical carcinogenic risks are much larger than the noncarcinogenic risks, which are all close to the permissible level of 1. 0x
10" a'. Cr should be the priority concern in the w ater resource management due to the high carcinogenic risk. T he human health
risks of the water environment are ranked as follows: NO.2 well field> NO. 5 well field > NO.4 well field > NO. 1 well field.
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Tab.1 Strength coefficients of chemical carcinogens and referen ce

doses of norr carcinogens (ingestion) [ %]

SRR/ (kge o)+ mg!) SEEOBBHRR (mg+ ket » o)

As 1.5 Fe 0.3
cd 6.1 Mn 0.14
Cr 41 Cu 0. 004
Zn 0.3
NO; 1.6
NH, 0.97
F 0. 06
CN 0.037
Hg 0.000 3
Pb 0.001 4
As 0.000 3
cd 0.000 5
Cr 0.000 3
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Tab.2 The concentrations of pollutants in the drinking water well fields mg/ L
TR b B —IK YR KR 3 Y K H B KR

As 3. 00E- 04 (1.9E-3,4.9E 3, 6. 7k 3) 3. 00E- 04 3. 00E- 04

cd 1. 00F- 04 (2. 1E-5,5. 4F-5, 8. 3 5) 1. 00E: 04 1. 00E:- 04

Cr 2. 00E- 03 2. 00E- 03 2. 00E- 03 2. 00E- 03

Fe 1. 50E- 02 (1.5E25.67E21.97k 1) 1. 508 02 1. 508 02

Mn (6F-4,2.3E-3,6. 15 3) (1.8E-3,6.2E3,2. 68 2) (5K-4,3.5E-3,7. 6 3) (6F-4,2.58 3,6.43)
Cu (5E-4,6E4, 1. 1E3) 5. 00E- 04 (5E-4,7E-4,1.7E 3) 5. 00E- 04

Zn 1. 00F- 02 1. 00K 02 1. 00E: 02 1. 00F: 02
NO; (0.88,5.46,7.65) (0.02,0.03,0.13) (1.22,3.97,8.277) (1.99,6.51,8.81)
NHs  (1.25E2,3.89E 2,5.94-2) (4.1E2,7.61E2,1. 18E 1) (1.25E2,3.552,5. 85K 2) (1.2562,3. 57K 2,5. 9E 2)

¥ (0.11,0.23,0.3) (0.19,0.31,0.39) (0.58,0.82,0.93) (0.91,0.97, 1. 00)
CN 1. 00E- 03 1. 00E- 03 1. 00E- 03 1. 00E- 03

Hg (1.3E-5,2.9E-5,5. 4E5) (E-5,1.9E-5,4.2E))

Pb (SE-4,7E-4,1.8E3) (5E-4,8E-4,2.3E 3)

(2F-6,2. 2F- 5, 3. 4B 5)
5. 00E- 04

(1.1E5,2.5E-5,4. 3E 5)
5. 00E- 04

(L 9F-3,4. 9E-3, 6 7E-3) mg/L, Cr ¥ £~ 2 00F-
03 mg/ L( 3R 2) , 5 R4 oK ISR G R A
Fos AU JR B2 th 2 W 1.
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BOAEAN 2 2 RN o B AT S0, 2 304N s 1 %o
T G5 RFE WL/, i R RV DA &5 S0 i B AR AL
U 25 5 G K A B U (BAE EUE)
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JEBR) o KU 25 5K 5 e 2 R L 3
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1 As.Cr
Fig. 1 Membership curve of carcinogenic risks of As
and Cr in groundwater of NO.2 well field

2 As

Fig.2 Membership curve of @rinogenic risk of As based on wncertainty
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— 7K Y 25 DY K Hb AN S5 T KR b R K BUE
K SN 4 65, 4 701 x 10° a's DA EUE B
DA ey B VHERE: 55 —KUE > 55— K IR
Hh= B UU KPR = 5 FK VR . B B KR E

Cr> As> Cd, Cr As Al Cd “F 808 KU 23 51 1 5
Jee sk XS 1 97 1% 2. 5% F1 Q4% , it Cr S0 /K
Pkt K EEEUR YR, A A TSR
FHZK 5k, 1 22 (1 f X B A H4 )48 Ao

3 (0= 0. 8)
Tab.3 Interval values of carcinogenic and normr carcinogenic risks of pollutants in the groundwater (a= 0. 8)

T B A5 159 K B K b YK 55 LK
As/ 107 [2.03,2.055] [ 35. 36, 42. 77| [2.03,2.055] [2.03,2 055]

ol KK Cd/ 107 [1.65,1.67] [1.59,1.98] [1.65,1.67] [1.65 1.67]
/10° Cr/ 10° [4.43,4.48] [4.43,4.48] [4.43,4.48] [4.43, 4. 48]
B B ARG/ 1075 [4.47,4.52] [ 4. 80, 4.93] [4.47,4.52] [4.47,4.52]

Fe [2.71,2.74] [2.71,2.74] [2.71,2.74] [2.71,2.74]

Mn [0.78,1.19] [2.08, 4. 00] [1.13,1.68] [0.84,1.28]

Cu [7.72,9.35] [6.77,6.84] [8.57, 11. 86] [6.77,6.84]

Zn [1.81,1.83] [1.81,1.83] [1.81,1.83] [1.81,1.83]

NO; [1.15,1.46] [ 2.36,2.86] [1.04,1.34] [1.06 1.35]

NH4 [ 1. 90, 2. 40] [3.90,4.72] [1.72,2.22] [1.752.22]

LB K F [ 192. 06, 225. 28] [ 260. 74, 293. 45] [701. 18, 757. 50] [ 873. 50, 879. 48]

/1011 CN [1.46,1.48] [1.46,1.48] [1.46,1.48] [1.46, 1. 48]
Hg [4.70,6.13] [3.13,4.24] [3.31,4.44] [4.00,5. 12]

Pb [24.77,34.74] [29. 15, 42. 86] [ 19.35,19. 56] [ 19.35,19. 56]

As [45. 15, 45. 63] [ 786. 01, 950. 56] [45.15, 45. 63] [45.15,45. 63]

cd [5.42,5.48] [5.21,6.50] [5.42,5.48] [5.42 5. 48]

Cr [ 361. 18, 365. 04] [ 361. 18, 365. 04] [ 361. 18, 365. 04] [ 361. 18, 365. 04]
A B0 AR [ 650. 79, 702. 75] [1466.511,1687. 11] [ 1154. 62, 1220.79] [ 1325. 00, 1337. 97|

H% 3 T4, &K U5 i T 2K SRR XU 2
AT 107 a', BIEF 1000 5 AHAE] 1 2365
FEPNIA 55 S, JEE0R R RS — K JEH> 55 K
PEHb> S5 UK YRS 25— /KYEH. Ho™/KH FlCrs
As Pb UK & F T B R E 1 KB R, 75
5 B KRS ) 43. 8%+ 30. 4% . 21 05% Al
2 19% . 55 —JKVEHL As B TL/KIE L F R FEHIXT 5%
o, NG B AR AL e AEBUR 2 OK 1
T PR IS, KR F10" a ' dE 30
YIRS EHEF 8 F> Cr> As> Pb> Cu> Cd>
Hg> Fe> NH4> Zn> Mn> NOs> CN.

R 55 KI5 b B0 V5 540 A BUE V5 ) X
RO B s SR T, K B S5 {3 XU Pl s AR A 2 HE
¥R 5 KR L > 25 oKL > 2 DU/K JEth > 55—
TR Hi .

3
(1) J = AR K 1 T 7K A 858 XU P A6

ey, PP 5RO Z B0 AN R TEANBURK, 15 Ak
FERIASHRE PR PPAT G5 R R AR . /K IABE A X

c 84 EB5HE

RPN, 2475 R VI BEAEAE ARA I, A5 1&T5 G
WP AR, DLSP8) I BE R 7S K AR K T R 2 5 BUX
B VAN 25 et 71N o

(2) Hb R KT g e USSR AN 45 RER BR, AW LT
HR AR 7K W 3 E S50 VT e P AR B AR, A
AEAE SATHI 200, T B0 A R T Hir 1 0%
10 a7, B0 {8 R R IG AFL |h v 81041 1) WU A 2k
Cr> As> Cd, Cr 8 7K I HE 1 0 30 5% {ek e XU
B TEbR . K PREE A RE S XS R v B AR CHE
PR KR > S KR s> ZEPUKIE Hh> 25—
TR b

(3) Cr AW LT AR A St 2 8 ) PR 45 gk
RS B P FE AR, BIAE S J5 I AR i~
K Cr 59 RIFHIFFT, B A L 73 A B K o DR AL 2,
K PR R SR AR o RIS, SERR AR, % ES
HOAS W PR AR B AN 5 2 1R 7K B 858 LI P &
SRR B 5
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