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Distribution Characterlstlcs -0f Arsenic in Drinking Water ln_-Chlina and Its Hé’ﬁlth I}jsk
Based on Dlsablhty-adjusted Llfe Years - e V' Ry = 25
4 GUO Yu-xin" i 3 f_-'.'-:"f _L “."__f ;-;

DOU Dlan cheng 2, .-Q[ Rong , XIAO Shu- mm ,_JSU:- Zﬂ
hengpan Ugn’emty Tianjin 300384, Chma., 2. Staté Key‘ Labotatory of Emnonmental Aquatlc Chemls 1y,

(1. S(‘hool of Emqunmen“lal Damd Municipal Engineering, T'["::l_]ln
Resedrch Center fm:Eco Enhronmemal Sciences, Chinese Achemv of SL ncéé} Beijing 100085, China)

Absfract Long-tetm exposure lo arsenic can lead to fuhcuqﬂal damage o m!;hy organs and can be life- thleatemrrg It igiof great significance to analyze the distribution charactensuvs
of WHIC I \N’ater and evaluste its potential risk for pievenlm@ andvconuolhng human  health hazards caused Ibv water-derived arsenic#‘Based on the published data from 2000 to
2022 Ithe geo_graphlc,d dlstnbulloﬂ characteristics of arsenicy pl drmklng"vater"acros 1na were systematically analyzed in detail, and the health risk of arsenic in drinking water was
quan‘tltaﬂvel}' fassessed using disability-adjusted life years (DALYs) , whlch"lepresem the burden of disease. The results showed that the average concentration of arsenic in drinking
waler in tha was (2. 88 + 0.33) pg- L', which was lower than the limit of 10 pg* L™ set by the standard for drinking water quality (GB 5749-2022). Nevertheless, the arsenic in
drinking;valer in some provinces, including Shanxi, Inner Mongolia, and Ningxia, was still higher than the limit. The arsenic concentration in drinking water in northern China was
higher than that in southern China, and that in rural areas was higher than that in cities. The estimated health risk of arsenic in drinking water (1. 63x10™ DALYs per person-year)
was higher than the acceptable risk level of waterborne exposure of 1. 0x10™ DALYs per person-year set by the World Health Organization. The personal health risks related to arsenic
in drinking water in the six geographical regions were ranked as follows: North China > Northeast China > Central South China > Northwest China > Southwest China > East
China. Almost all (99.4%) of the health burden associated with water arsenic was attributable to skin and lung cancer, which caused 2 905.25 and 1 513.96 DALYs per year,
respectively. Most (78.0%) of the health burden was horne by people aged 45 years or older. In addition, given the proportion of each age group in the total population, older persons
over the age of 60 bear a higher drinking-water-associated arsenic burden at the individual level than others, and attention should be consequently paid to them when controlling the
risk of arsenic in water.

Key words: arsenic(As) ; drinking water; distribution characteristics; disability-adjusted life years(DALYs) ; health risk assessment

il (As) & —Fh ) Z 0 TR AE SR T WA T KT e 44 s O LA e ok
RIS MANEWFIE R . — Bk, Tl BT B CHE TR AR AT K A FR i) (GB 5749-2022) X A=
BAsWBEERFAIS, S Asmd R Foom UK AsHIE R BRIGBE AR T 10 pg- L7
As. KIS As 5 Y 52 58 300 A B 17 56 S, T DK As T3 7 SRR JR5 42— HAZ BT 32
T VR P TR SRS e g S 2 R 2R T g
P RS RAET . AR B 07 4T H: 2023-04-01
Y FVR KRR R R TR EE P As. A T A4 EETH: RENHARQH 715 %5 (21YDTPJC00770) ; [ % H &

Bl 3 4T H (51278174)

ZU(WHO) | [E Fr¥gAEDF 7T .0 (TARC) 3k [ 4R B H TEER A FWAR(1999 ~ ), B W+ HF58/E | F 3058 H7 18 o ek e
KU PEAY , E-mail: doudiancheng@163. com

f%n %{S%E 4%/‘ As ;Fﬂjli*j[‘ As ;’é’f’t%% @J /\— é&ﬁ% % * WEEH, E-mail: qirong@rcees. ac. cn;xiaoshumin79@126. com



132 E7S 5

B 455

KUE . Frost 55 G0 11 28 B R 35 (US EPA) £ 4fs 7 h
A 5 As AR ROECHE & B0 110 33 4 B AR R K R
As 147 35 e B 8 2o AR ME (10 g+ L), 2000 4F , WHO
RAT A F AL E 254 4 000 07 KK As
Fr, 29200 75 AN FIH As hERREAR L 3 30 75 A A fig A
W R RE T AE T T, 3R AR AR K As 5 4
H R E K Z — . AL ntiE o Ak, 12. 88%
4 A A AR AR P As R BE B AR 5 PN 52 i FE AT
SRR K T M R As oA SR SR 76 103 KRR 4
AR, p(TEHL As) K 56.40 ~ 231. 15 pg- L7, FHIE N
129. 92 g L7 1 55 —J5 T, 58 10 8 5 HoR AT
K As AR FR AT 2. 23% B 75 FE K 30 A K 9 A
Jt 2 517 BB B S R AR AR T A TP K T As
W S AR B bR  H A R 47.8%. Bk ok,
Btk BRI K As V5 Gtk B B R IF T — 2 1 F
FE AR K Z 2 B XA 51 3R A BOUA Ml X 352 R FE
BEAT A, W 0 S AS I 3 Y As 75 e i 0 AR B R S AR
HEBRME UEAT e . BT, x4 E 1 FH7J<EPASEI’UCR'
JEHER L, WL&@ﬁ%m$mmmﬁﬁﬁ%
AIE B XU AR B ATS SR AN TR A
$Hﬁh%1ﬁﬁ§i%&%%%ﬁ?ﬁm
4RI | ﬁﬁ7kA<ﬂé’of“7J<¥&DﬁiéHﬁ%ﬁ£—%vv'
{Eﬁﬁpﬂﬁz‘\ ?B-ﬂ’]ﬁ'ﬁﬁﬁﬂ #E T A A (dlsath'fy 5&"1} f‘:d life
years DALYé’H/E?“Jﬂ:ﬁ\?Z'E XTU\FH/’J‘(AS ¥ gL ﬁ'ﬂz
m@%ﬂhLﬁﬁﬁl%%ﬁ&.%m*¢ﬁﬂﬁ
fo gy SRR B0 55 s K Aty
w&%f%ﬁigmx p

1 Mﬂ%ﬁ&'

L1 SCHRKS 35 0 i

XFA T A 3 AT T[RRI K As e J3E SCHiR ik
TR Gk . I A3 [l PR S 72 2000 4F 1 1 H =
20224F 12 74 1 H . A SCHUE 3 (CNKTAIT 5 )RR 5
T R I A R e o8 I 1 T Y O &
ik B 3% 72 (Web of Science 1 Pubmed) # & A& 15 .
WOS: (TS = (arsenic (As)) OR TS = (drinking water)
OR TS = (heavy metal) ) AND (TS = (water quality
detection) OR TS = (health risk assessment) ) AND
(TS = (China) ). K & WF 5 1R , SCHIR 07 26 A 1A -
DA WIH As BIREINTT ¥ BLAT A B R e 5 @A I
FRRAE L REA RN O T As FUVREE . AR 4 B3k
J W) A E A A v R R B A5G SCHR 2 923 4 L M B
SA05R 17025 AT & ZoRAD R 11705 , & 40
AS515.
1.2 HuEf S geitab i

AT 32 i 9 SR P R A G B RO 4 R < SR A I

—

] | SRBE MG BEA R R 5 vk L R PR LA Bk
BOHE . 3 38 R B Excel 2019 F1 SPSS 26 3 47 5
Geit Ak B Forb, SCHR b A SRR I R) R B AR T Y
DA 3 i TR AR 5 4 R SR R 4 B0 X (8 R A ofE 25 45
P B AT DA SR P S B, N B TS R O AR A A AR
LB /M RN R KA AR G R AR AR
Je AR REAR B | 49 {F bR o 22 X B Ak B 40 A R
B A S RLA S B E
1.3 f@RERES A
1.3.1 BTN

ABE SRR K As 22 58 32225 R AROK 3 AR
IR . VRS B R ol B R R AR . Horh 2 POKEEA
AR

As) X TR x EF x ED
CDI,, = p(As)

BW x AT (1)
S, CDI, b 28 T H 33 5 B [mg- (kg-d) ']
ugﬁmmm¢mm@rm%L>m%ﬁA$
(Led™) s EF JHOK A 3 88 K 20 (d-a) 5 E-b’%%ﬂgﬁ
éﬁﬁmwBW%WEuyArﬁmﬂ %&%ﬁ
ma. ¢ |\ =,f {
ﬁﬁfiﬁﬂééﬁ BT f"
,p(As)xSAXfPC xETxEFxC'F“.x ED

CDL -:-i- f T 9 @BWxAT _ "~}

Y
e, cm,;.’wmﬂ%“ﬁmHﬁ%ﬁi[n{g«kg{gﬁ'ﬂ;
SA Bz JaHe AR 5L (o) 5 PC Oy (240 R 1) B Tk 3
B8 Cemeh) s ET % H L0 0 10 GO0 . k26 )
(h+d™); EF o 4F 2 88 KB . Uik ) (d-a™) ;CF
R R E(107).
MR
CcDhI,, = CDI_, + CDI,.., (3)
A, CDL, M AEH R EE F [ mg- (kg-d) ™.
1.3.2 5l -0 00 RS
AT 5T R US EPA 7 As 1) 5 2% 1k B 5 17 ik
I FE R AR 06 R ASEHLY SR HY Chen 55 RIN 2 K
W52 2 5125 (NRC)'"™ 45 HY A 2K 7K As 5 P4 98 (i
Ja | JFE IR RIS e 8 ) ) U R AR
P(d,t)=1-exp|-(q,d + ¢q,d*)(t = m)'H(t —m)]
(4)
X, P(d, o) N B R BB LB (% ) 50 AR () 5d
ﬂ\j%@%[ug'(kg'd) "1; H >} Herveside PR %X , 24 t<m
HHL,H(t—m)=0;%’|t>mH‘J’,H(t—m)—l,ql\qz\kﬂlm
{8 R FH e KR S5 A A1
H(c,t) =k(qg,c+ q,c*)t—-m) "H(it-m) (5)
XA, He, o) N P IESE 9 &6 R 5 e Ry 5% 58 W B
(g L) HABAS S FISH0A0 & ) I




14 SERRRAE - o TR ARTI K B B4 3 AT R B R T A3 8 1R R A i A

= 1) it B XU F- A1 133

B TR A8 1 B R A R R A 5
1-P(x,d)
1-P(x+1t,d)

A R AR B (v, ate) B JRIEE B R R, P AR IR
Bt (w, a+t) YRR
1.3.3 KBS R/

=In (6)

W K/ . R G (DL DALY s Sy 07 E A7 0 ) B %
&7 RO 3 B T R f B 45 K (years of life lost,
YLLs) , 38 7%5 S8 T S 16 RS 8 AE 5 58 ALIE I I 18] 45
&R ORY fE R Bk (years lived with disability,
YLDs)". iR AT

DB = YLLs + YLDs (7)

AR5 TR (00505 54 /S A A YiLs = > nP(1-S)(LE -1,)  (8)
YLDs = anIP.\_{(l - S.)DW L, +S[DW L + P, DW,(LE, - tc)]} (9)

i, DB MBI 7 HH (DALYs a™) ; YLL g 558 fir S
Y il B 451 25 (DALY s-a™') 5 YLD Ry 5% 95 T 24 A fet B
1k (DALYsa™) ;o B 4F I Bt (#% 5 a [0] B 430 19 1
AW BIO~1% . 1~5% . 5~10% .10~15%,
.80 ~85% 85 Lk 1)y MW B A [F BB sn
N VE S MG R LE, AR T 5 4 50, WAL T B
6] s DW Sk & SO EE 5 L R RE S [ 5 P O I 50 A
A SSEE Rl
1.4 MRSEMHE
1.4.1 BTHEESH P
RBIFE rh 45 A7 1 B A 2 Ik 45 i T (SA ) ol
H(BW) IR A C R 22 5% %éﬁ$%>[ls] Bk

éaé&(PG)ﬁo 001 8 em+h''Y, Baﬁﬂgaﬁ,mm).: :

0. 6333h dr ,ﬁﬁ%m%ﬁ(m)ﬁ 365 dfa
ﬁﬁ@m%mﬁ @ﬁ@m%ﬂ%ﬁﬁﬁma¥%

@E%%%Hﬂ‘lﬁl (AT)éj\j”JUyM a X 36.5 Mgws a X

.365d'SJ & f{.~

1 412'*%%@ HHLES: . H _

%é@%&ADﬁmmm@%%% mmm
LT E G H4E % (2020)) s 2% Zhang %5 19 BF
GE TR R KR R R RN RS I g G A6 T ()
(1) W2 050 59 BU(E M 2. 193, 0,83, 0. 700 Al 1. 003
a, HARYT I ] (¢) AL EC 53 53 5,00, 6,00, 5. 00 F
4.00 a. 2% 5K BRRK S5 B B 95 05 3, 1 0 AR AR
(DW) | J 38 £ & L9 (P, ), LA i 8 5 6% Jok 3 1)
HEAEER(S,). FZ RIS S oM 0. 900, 198 S, K 0. 005

2 HFRE5IE

2.1 HRHIK T As e B T 4 A7 FEAE
KB 314N (T X)) AR 7K Hh p (As) S L 72
0. 10 ~20. 79 wg- L7 (F& 1), XF 9 BB 247 305 o0 A
e AR A X BOE A A A, A by ol 22 ) Fi b 2 5500
A (2.88 +0.33) wg L' Al 1. 06 pg- L7, MK F (4
O K AR bR fE ) (GB 5749-2022) FR {H (10
pg L), AWHLEE A K B IR R K As R B AR b 7 2
TR (ED. Hop  JmaE w3 e g
Sl AT B HAR K p(As) 4300 4 (20,79 + 1. 12) |

(8.85+0.05)H1(8.19 +2.06) wg- L; #i £ Fl 2 LY
RIHK p(As) A, A 0. 12 wg- L A10. 10 pg-L". X}
] — My DX 3 T RN A A K As BOHE 4 R R AR R Y
(Pearson’s chi-squared) 73 & LR HI 7K p(As) 2 LR
K X 5 T3 (7 = 61. 94, P<0. 01) , J5 X Al fiE 5 4«
of b DXl A i G2, 5 22 1 R K (FR KO PR
R AR A 2622 1 7 K ] — 004 5% B H: 2 b
Ji] Rl UL 3 5 7 PP R AS Q’Jﬁﬂﬁmf\sﬂﬂa‘ﬂ’n
%&ﬁmﬁmﬁm%%Mk%mﬁm%ﬁ%ﬁM

m*%*%ﬁ#ﬁ%Tmmmfﬁ %Mtlﬂ
%mﬁk%mTLmélﬁ%mmm fﬁTEﬁ
¥ Xy — m%m&% mmmﬁﬁuﬁaé%ﬁ
ﬁﬂlkﬁfiﬂﬁ%ﬁﬁ£ﬁEMﬁﬁf%%ﬁ
RS PR R
2.2 Wi Asé’jﬁiﬁim&“ - % ’J
2.2.1 (ke B3P e e KU 7

T B TR K i A 5258 5 B i e LR

" 1,63 (95%CI: 1.06 ~ 2.20)x10° DALYs+ ( A a)™",

W = T WHO HE 77 (9 7K o A 35 W o fidt e XL s 1
[1.0x 10° DALYs- (A -a)™ ], {HAFE7E W] b 0 Hh X 22
S, R Ty XS TR AR AR LT NS
WA E S WHO HEAZ B ME 9 5 ~ 16 F5 (&1 2) 575K
by 3 DR R NHE R Sy AL > ARAE > i > 7
b >Tim > R (KR2). FIBAE& XA DA
[f], 7K As S By B o R/ NHEF 2 - 2L >
B> KA > 4K > PR > b Bdu X L = il
(o5 42 [ 45, 2%) , H KSR PN 4548 T 95 0 4602k HE P
92 1l P8 45 (581,80 DALYs-a™) > 3] Jb 45 (404. 29
DALYs:a') > K 17 (24.97 DALYs-a™") > Jb 51101
(9.85 DALYs-a™). 43 H7 J5t 5 o] BB A 4 4> O 1]« — J2
b FE Tl FRE IR (B . T4 ) HFRAT L KR 3K , 5
TR As K IREE B AR 1 5 % 5 S0 e ) A (3
g FNECHER )5 53— O D, R [ A8 03 1 26 B & e Rk
AL 55 R A 7E 22 5k, 30 40 AR AT Hb X AT A7 72 AR
25 b A bR K (IF7K0) B 07 1 P L B LR
KIETT AR K Y As H 7 X 7E 2006 ~ 2008 4F 1) 7K J5i
B AR DAL R 62. 73% , Hovh 4 Bl fE K Y A 4% %



134 woo%m B 45 %

F1 REZWRRAKP AsREKTE

Table 1  Concentration of arsenic in drinking water in different regions of China

X 3 B0 B A 1 FHE /g L e S A AR LAY SCHR
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BEn 26459 8.85 Log-Norm (2.07, 0.47) [22]
St oy 232 1.06 Norm (1.055, 0.493) [35,36]
i R 506 5.90 Norm (5.60, 0.24) [37]
R 85 5.00 — [38]
11 189 0.91 Norm (0.91, 0.05) [39]
;i 574 0.93 Gamma (2.74, 0.34) [40 ~ 45]
RN 120 2.00 Uniform (0, 4.00) [46]
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i 6 0.99 Norm (0.993, 0.013) [50]
TR 1374 0.31 Beta (0.262, 0.577) [51 ~ 53]
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Table 2 Health risk and disease burden of arsenic in drinking water in six geographical areas of China

) {it e X107 /DALY s (A - a)™ BB UH/DALY s 2™
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Fig. 2 Health risk of arsenic in drinking water and exposed population in different areas in China
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