686

TR EE: 2020 45 6 H %627 4 %5 6 ] Pract Prev Med, Jum. 2020, Vol. 27, No.6

Rl

AR 5 T 3 T3 K A 7K 05 b 7K 3 4
it 5 XU Bs: A

Iavn 2P A& FE RE, TAA
L WA TERIBER O IR WE  264003; 2. WMESRE LK MHE 264003

WE. B WIPEA 2015—2017 F40 6 T IR K E K R BE R KRS . F73%  2015—2017 4F W& &1 17
AT 7K UE A W A5 JE2 W W AR R A 2R BE 1 Uk, AR 204 37K EE . SR Excel 2007 837 04 & , {# ] SPSS
17. 0 HATGEIT 2243 , 18 FH RS A AR XUBS PP A A B 31 O R R KU, . SR 5 b DR K s b K A B R B 4 3R
86. 71% , fet BRE KUK R R 271N BRI A Y R A8 > S BR 6 >4 > Bk > 88 > &> (4 4 R G ) o RN L EE 1Y) R fit bR f 3
KB 43 31K 23. 78x 1070 /4F 32, 43107 /48, ¥ AEBUE YR T . 48 A TTBOUKIEK fh e XU L2 & RN,
R AEBOE Y TS, TSR R S U EZE AR T, SR T R S A R XU A

KRR KUK M PRBRERR XU PPN s BUR Y IEBUE Y

FESES R123  XEkRIRAD A XE4HS:1006-3110(2020)06-0686-03  DOI: 10. 3969/]. issn. 1006—3110.2020.06.013

Environmental health risk assessment of urban drinking

water supply sources in Yantai city
WANG Song—song', WANG Jiu®, LIU Lei', LI Yun', ZHANG Yi', YU Gui-mei'
1. Yantai Municipal Center for Disease Control and Prevention, Yantai, Shandong 264003, China;
2. Binzhou Medical University, Yaniai, Shandong 264003, China
Corresponding author: YU Gui—mei, E—mail :wangss008@ gq.com
Abstract:  Objective  To monitor and evaluate the environmental health risks of urban drinking water supply sources in Yantai
city from 2015 to 2017.  Methods

city were monitored. The monitoring frequency was once per quarter, and a total of 204 water samples were detected. Excel 2007

From 2015 to 2017, source water monitoring stations of 17 municipal waterworks in Yantai

was used for establishing a database, SPSS 17.0 software for statistical analysis, and the environmental health risk assessment mod-

el for calculating the total health risk. ~ Results The overall qualified rate of water from the sources of drinking water supply in
Yantai was 86.71%. The health risks in descending order were as follows: fluoride, nitrate, manganese, iron, zinc, ammonia—ni-
trogen ( copper, lead, mercury and selenium). The total health risks for adults and children were 23.78x107°/year and 32.43x
107%/year, respectively, which were caused by non—carcinogenic substances. ~ Conclusions  The health risks induced by source
water of the municipal waterworks in Yantai city are higher in children than in adults, and all the risks are caused by non-carcino-

genic substances. Nitrate and ammonia nitrogen are the main over —standard substances, and the average personal health risk

caused by fluoride is high.
Key words:

AR AATAEAT B i KRR A, 3ok 7 26 355 TR ]
KA UK B A0 25 55 N B AR AR A 196 i 0 B At
HESEARRE . PR P A e KRR T3 R i AL 2
o, X e A R RE T HE AR B E I IE R TIRE S K
oIS Y A T AR TR B R PR A, FE R

EEWE 2017 F R INARE B 25 T A R4 & it R (% -
2017WS570)

EE® T EMIN(1985-), B, AR, FEEIW, BF5E)7 M .
WA,

BIEEE. TG , E—mail ; wangss008@ qq. com,

source water; monitoring; environmental health risk assessment; carcinogen; non-carcinogen

TEbn , ANAHIRER AT i /S I8 S 15 L W) 5 XE [ i
FasE SR, I B o e AR R N & 4R BB e 4
R XUS TP (health risk assessment, HRA) ) J& i 4F
R PR PR EE 75 G 55 AR REAH DCIR Y — R PPAN 7
2, R AT IR BT A F R AR A R B
HIRE ARl B R TR R AR T 32 (s,
JREDAURS: T H 6, 45 250988 1 I SO (1 R XU DF- A1 PR
4300 ARICA T 2015—2017 400 4 T 3 AR R 7k K
VK B IS 5 XS SRR ER (5 A . SRR 13 A
2705 e AT T BRI TN



ST EE2F 2020 4E 6 H 4527 % 45 6 ] Pract Prev Med, Jum. 2020, Vol. 27, No.6 687

1 MRfnFE
1.1 XIEAA 2015—2017 4F, HH £ T %5 9 T By 45
il HC (AR HL ) X & 4T 17 ASTHBUK ) 7K
TE A SN o 2 W W o R R 1 IR, 2015—
2017 AEILAGIN 204 37K FE 4 BROK RIS HY Xy, 4045
TKPEK MR/ AR b oK FEZKOK IR HBA 13 4,
MR IR KR 4 A4S, KEERREE PRAE B85 IR 56 45
HRCAE TR R FH /K B R 35 7 5 ) (GB/'T 5750-2006) i
1o B TAEMDE TR S OREE R AF B S =4
K4 it A
1.2 ER¥eAE R TE ML A i XU A0 455 TR BU
JRURE: NS0 KU, — B IR A oA

Rn= Y. Rni = Y (Di/RfDi)x107°/70

Re= Y Rci = Y[ 1—-exp(—=Di. Qi) 1/70

AN Rni | Rei 000 AR BUR Y BUEY) i @it
KK AR 77 e AR SRR XURS: (a7 ) 5 Di R B 1
Yl BRI H R BRI [ me/ (kg - d) 15 Qi
HEUEYD @ KO K AR 7 A I B0 TR R AL
[ (kg - d)/mg];RMDi HAEEUEY) i LIk K& B
NEIFEARZ % K45 [ mg/ (kg + d) ];70 A AR
it (a) .

AR LS 1 R K i8R AR B R
I H ¥R (D) AR5,

Di = 2.2xCi/70,

Di = 1.0xCi/23.24,

N, 2.2 SRR N H A ROKER (L) 5 Ci ol
TR KA 5 e R BE (mg/ L) |, 4545 7K R G
S50570 AR AN NIIRE (kg) , 1.0 HARBAE A (81
JWe) & HAFBPOK R (L) ,23. 24 AR MAE A (81 A
1) AR TE (k) . AR S BEED) A AE
PRI RSB OC R K b 45 B 1 9 3 2o ik K s 48
X AR F=AE 1 B KUl . Ry, =R +R,,
1.3 i Aid AR T EUEE RBCNEAEBUEY
WOK B 55 10 5 25 5] 1 1 2 95 W IR R 9 3 (US
EPA) A" RS0 15 e 0 M B0 15 Y 38 a3 ok
RS HZFNEILE 1,

R BRDKKERESET &

2R 1

v, SHH me/ (kg - d) ]
R 1.6

= 9.7x107!
A 6x1072

i 15

i 41

i 6.1

EisaN 2% % [ mg/ (kg d) ]
73 3.0x107!

i 1.4x107!

il 5%1073

i 1.4x1073

B 3x107!

K 3x1074

il 5%1073

1.4 Rharged s ARYE E PR R 0 5 R nT 4
Z B 13107 /4E 5 1107 /4 Z 8 & F1x
107 /4RI WS KRN AN AT 3252, (IR 1x107°/4F
B4 RS 7K ST TN Ry 1T DA 52 T 1 107/ 4F 5 14 JXURS:
P AT R R A T, PRt AS R 900 A 5% £t B
U RIAAR (<1x107°) BAR(1x107°-1x107) [ 14§
(1x107°=-5%107°) B E (5x107°-1x107") [ FH (>1x%
107)5 NMEH,

1.5 HESH ABIFER A Excel 2007 H 7 B 4
fifi I SPSS 17. 0 418125047,

2 & R
2.1 JAE MR KR AKKESKFE 13 FILFF
FepiR B AR (HL T KT AR E) (GB/T 14848 -
2017) M 257K | (MR 7K 4% i & A #fE) (GB 3838 -
2002) T 287K B 22 A9 s 7 BIRAEL, KR 65 b DX AR FH 7K U5
TR BARAHEZE N 86.76% (177/204) , FEAAHETE
ProA IR SR B | FEVE BE, 13 Rk TS Yt
PR EE VLR 2, L Y R A SR B AR RS
o BN EEERAE AR AR A IR - Y B R AR (A
22.55% (46,204 ) 9 W (B 2k A v BR A,

R2 HEHIXKIEAKK AT

Ab2F 15 Y B VR B (/L)

Eirkay %k i B iR R HA Wk
FrififE 300 100 1 000 10 000 500 1 000
x%S 50+13  25+3 10+2 60002930 14+9 400£135
Min 25 25 10 200 10 50
Pys 40 25 10 3 500 11 296
Pso 50 25 10 6 000 14 400
Pys 59 25 10 8 800 20 503
Max 90 90 90 20 700 860 960
MEARR (%) 0 0 0 8.23 1.90 0

ER TR AR TRCR R =P A
2.2 RN FN
2.2, 1 KA EERUE P AR XS PR R K K TR
SO 15 YL P 1 A XU 2 B pl R 21 /N i HE B, K



688 Sz EE 2 2020 4F 6 J] 4527 % 456 1 Pract Prev Med, Jum. 2020, Vol. 27, No.6

UCH TR > i 1R 6 > > 8k > 8 > 20 Al > (8 VBT K
) o b3 AR SO Y X RO AN LT A et B XU 43 531
23.78x10°°/4E 1 32. 43x 107 /4 | JLf S A AR XU 1
BET5 R bR A SAL Y, BN LB A £ R XU 5 %5
(Rn) 43510 14. 67x 107 /4EH1 20% 107 /4E, 23515
KB 9 61.69% H 61. 67% ; H U SRR,
T HIILEE (1 {2 B XU 48 25053 30 - 8. 25X 107 /4 Fll
11.25% 107 /4F, 4 W T 7K KU ¥ ok 34. 69%

W33,
F3 MG BRI K AR B0 P fid 5 KU A
AR (x1076) JL3E(x1076)
:BUEY
Bienz| THE ] A

7 0. 18~0. 66 0.37 0.25~0.9 0. 50
i 0.39~1.41 0.39 0.54~1.93 0. 54
il 0 0 0 0
i) 0 0 0 0
B 0.07~0. 66 0.07 0.1~0.9 0.1
R 0 0 0 0
il 0 0 0 0
TR ER 0.275~28.46 8.25 0.375~38.8 11.25
HA 0.02~1.95 0.03 0. 03~2. 66 0. 04
A 1.83~35.2 14. 67 2.5~48 20
&t 2.77~68.34 23.78 3.80~93.19  32.43

2.2.2 MG ECBKOK PR AU ) e AU B
o AW, SURPAR . S AR R AL N
WM, AR SOREA 7058 R Xk St AR L 2 178 550083 i B
K510 0,

33 i

5 RSP A 2 TR A E 2™ X, (IR AE
RS X A g i BT BOK K IEK 3 i s
To g (AR IRER AR T . XK T R
DR BT, AT LA H A B A T 1) AR IXUBS: , A T4
W PR B TR R S e . I ARG T ) EUXU
R 7 ORI 2 00 O T 6 G P {8 R DXL =22
AR A 15 7 PFACK A 25 o B A % 52 - 244
NAF-A B IR AT I 65 7K K il R £ A S 2
AIREARYI BT, FRAL A ) B BRI 00 . 9K T A kB
UL R H |, S0 T i ol ) <P 22 4 A A B AU v T
AR R N, A AT F B XU F) B BRI, T ]
RESAFRITCR TR R/ SC . SR ALK A T K B
PO R ERRAT B 75 Qe OO, S TCTE EOULAY S i g
Poxr T NAAERR I G FEFRRE . NI, BeK BOor o 5
XU DA AR 25 50 R 23 B M 2 T KR PRt X

TRBERR 52
ARBFFERI 13 Bl B 0T B> A AFfg KU, 7K

S EIAE [ B B9 2 5 2 (ICRP) RLRE A9 B K AT 4%

ZEEKF- (5. 0x 107 /4F) JEHIA A K U8

K 13 B4l B I LB 8 S e R A 5 XU 53

S 23. 78107 /4FH 32. 43% 107 /4F AR A RE ) I 14

il A o XU B 100% , L3 £ S XURG: 785 T A

Ao HALAGAL YRS IR £5 14 & 3 oK, AL e K

WK R BESE N 400 pg/L(50~960 pg/L) , fiffREh

BIFIAE N 6 000 wg/L(200~20 700 pg/L) . YKiATFHEY)

ST AT X A i A TR R B 1 e 3, ek 24 3% 4

Y e AR I 5 1Y, L3 5 U ) R B AT 5 | 9L

P

ABIFFE A T 5 [ PRI P 47 8 7 O BRE XU

O REHLT I 5 T AR AR A A r T G v A A e X

K HEAT T PEAl DT 0 25 s B S B felt T A R A

IKIREE AL K, 3T R R Al TR, ASBESE

T IRHK Z 8 AR A 75 S W B Tk fih <5

B, I ARSI A T ik — AR

S 30k

(1] FAestie, Rom B, 45 . e R TT RESA T 45 rh 0 FH 7K 5t 7K s
ZARARAEL )] AKHARTRRLSE,2018,36(3) :42-45.

[2] THTR, akvk, ok, S Tt i DR 336 14 0K P 7K 38 3R 9 4 i
TG ], P AT R 224, 2017,51(2) : 180-182.

[3] TR, T, 4 AR, 25 . 2015 4FBRVE & AR oK TR KR T
AEMEIAE RS ] SCHIBIBI R ,2018,25(11) : 1321-1324.

[4] Jeffery S,Dianne K, Yang M. A new approach to criteria for health risk
assessment [ J|. Environ Impact Asses, 2012, 32:118-122.

[5] B1AHE, 2 P54 mogak, 45 . 2015 47 5 B i 4o i 4 h ik k2%
TG YR BRI FE B PR [ J] . S Pl 5 24, 2018,25(7) : 833 -
836.

[6] RGBTz 6] 2 8 DX 3 T LA 7AC 8 b 7K P85 A B XU, AN [ ]
Tk ,2017,36(8) :1812-1820.

[7] US EPA.Exposure Factors Handbook ; 2011 Edition[ S]. EPA/600/R-
09/052A, Washington DC, 2011.

[8] BuMe. ST RIK R KI5 E 4 B @R XS PPN [ ], b2 T
5% 48 2017,46(2) :277-280.

[97 SRR, 7R A BE 5 . B0 DR N IR K 4
ESEPFEMEATA )] T ERR KA ,2019,61(3) :41-49.

[10] Thomas MB, Amy CS, Aaron MB, et al. Ecological and human health
risk assessment[ J]. Water Environ Res, 2011,83(10) ;1876-1905.

[11] Emrah C. Health risk assessment for trace metals, polycyclic aromatic
hydrocarbons and trihalomethanes in drinking water of Cankiri, Turkey

[J]. E-J Chem, 2012, 9(4) :1976-1991.

[12] k&, Bos, B8, 5% . AR LB AR RS ITAR[T]. A2t TAE
iRy ,2018,29(4) :57-60.

W B #:2019-11-18





