364 HoW E7 R = Vol. 36, No. 2
2017 4E 2 H ENVIRONMENTAL CHEMISTRY February 2017

DOI:10.7524/j.issn.0254- 6108.2017.02.2016053002
WA, 7RG, R, SRR SR A B AR A R OR B A RIS R XU PR [ ] BRBE LS4 ,2017,36(2) :282-288.
YAO Youru, FANG Fengman, ZHU Huiping, et al. Distribution characteristics and health risk assessment of mercury in indoor dust of some rural

areas of Anhui Province[ J].Environmental Chemistry,2017,36(2) ;282-288.

ZEHEBONRNERNREL BRI D WIS
5 # R XU i

WA 4! RGO RERE RUAE Aso

(1. BROTERZE + FUR SR be, 6], 241003; 2. ZRIAARRE DR SPHEMFRAR LR E, Joil, 241003)

W OE N TR b DR B PN K 2R SR 115 G o3 A RRAE B R LB 7 A (R RURS:  AE R
11 AN HZ T B A A i IR SR A I AR 132 A,*Fﬁlﬂ@}((ﬁ V8 SR F DT 5 2k R 1 5 FRAR R fl e X
R PEANASERY A 28 PR 2R P SRR T L B8 A ft B XU . 245 SR 3R I, WE R T AR AT =8 R 4 PR (97 1 B & i ik
0.62+0.51 mg-kg™" , B2 5 T AR HABMTT KA ook & i 5 TS S (E A L, A 058 IX = N R AR R 947
R ARR, DIER T R BT B 5, 43 A T 5 25.87 R 11.21 £%; BRUE M b X = YK 24
HOR & i, RS2 FIRIEE SIS0, B2 s R AE S R R R X T LEE R 4 Rk T

HRBRAFEZES, SHH RN STF- A S B R b > PP A 5 & T AR 2= R 425K % )L 38 1) fgkt
RS R BN 1 AR LA A N, AR 30 XU BN AR HERT T B BH T 7528 17 XUS: 48 208 i, L LA AR
KW RN ENIKE, R, SEHE, KT, LR,

Distribution characteristics and health risk assessment of mercury in
indoor dust of some rural areas of Anhui Province

YAO Youru' FANG Fengman'*"" ZHU Huiping' XU Minglu' LIN Yuesheng'
(1. College of Territorial Resources and Tourism, Anhui Normal University, Wuhu, 241003, China;
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Abstract: In order to investigate the distribution characteristics of mercury ( Hg) concentrations in
household dust and evaluate the health risk to children posed by dust mercury levels, 132 dust
samples were collected from the rural households in 11 prefecture-level cities of Anhui province.
Mercury concentrations were determined by using HCI-HNO, digestion and cold vapor atomic dust
fluorescence method. According to the health risk assessment model, the pollution of mercury in
indoor dust was evaluated for the health risk of children. Mercury concentrations in indoor dust were
0.62+0.51 mg-kg™" in rural area of Huainan City, which were significantly different from the rest of
the studied cities. Compared with the background mercury concentration in soils, mercury
accumulation existed in in door dust from all the studied cites. Serious pollution happened in
Huainan and Fuyang City, where the concentrations of mercury were 25.87 and 11.21 times higher
than the local background value, respectively. Mercury levels in indoor dust were mainly affected by

coal combustion, and less affected by the types of housing and traffic factors. The average daily
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mercury exposure of children varied in types, following the order of inhalation of Hg vapor, direct
ingestion, dermal absorption and inhalation. The health risk coefficients of children in these rural
areas were less than 1, which were within the safety threshold with lower non-carcinogenic risk.
However, more attention should be paid to the children in Huainan, Fuyang and Lu’'an City because
of the higher risk indexes of mercury in indoor dust.

Keywords :indoor dust in rural area, mercury, distribution characteristics, health risk assessment,

Anhui Province.
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1 #BS 1 ( Materials and methods)

1.1 FEACREE S b3

F 2013 4E 7 AWIE 8 AE  ARIERAERT 3 K MME IR, RFE 24 KM BT KL, 7R L8
A 11 AT (AR ZE RS BESR ELEH R 15N SRR 2P N R B AR R M X % N
SRAETRAFER A8 132 4, JE FE R BT AR UL I . Tl V5 YU 76 R FORE IR W AR TG AH 0 (Gl e KR % T
A S O AT B JR 2R ) AR N (BT BNE R B ) Ml | S 1 R T0 A4S ) B 3R K
AT, BN F RN NS R A K A (BT JBF 5 AN DA ], 3 B B A 5 05 355 /N7 RN 9
BHER R — R A RREE ) |, SRR LYY 5—10 g, BB BHASEAE AL 2 AR KT, I HE AT
PRmEE Fad 100 H e e fi, 4.
1.2 SEge b Ko st 4 ol

4 Ab PR 5T ER (R IR 2R FE L FRER 0.2000 g, BT =M, A 1:1 K 20 mL, BUEEERKIE#LL95 C
DL AR INAA 2 h, 2R F = Ao 36 254 =F , 1B 20 min 8252 80 1 Wk, MR ST AR50 T A o8
B, VA 5%ERFRRE 252 50 mL, JFEF 26 BE T A2 B A ok 25 1O 0 52 1o A e L R Y 159% L A5
AR L HEPRERE T (GSS-3) TS L7 IRy 86%—128%. 5 4 A~ K AXBE S BEALPEE 1 i
PATHE (TR 3 IK)  REAURE SIS R 5 AT A i oKk T AR B o SR el K S B 4tk |5 1L
BIRH 10% fEMRE IR 24 h LI L
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R SHOBE L SCHR 14,17 7.

2 5 59718 (Results and discussion)

2.0 HEERFHIX 5 R R A KT

TR AR M X 5 YRR T B i 0.26 mg kg™, HH{EH 0.16 mg-kg™". FIAN BIRE A e i i 725
SERTH A i T L R A i M T 0—0.3 me - ke e E X ] (O REA KK 5 2 A1) 72.7% 4 1,
DA Z R A Hi DX B8 PR I A P R B IR, A Ml DX A 32 3] K T AR 9 A 15 e AELR A 043 L IX €
R PR AR R fr st 1.000 mg kg™, AT AE 15 214 bl Ak B 555 L R RIGENE 201 A 2K 345 56 5 [ N Al
SRFFEA L (32 1), 2RO A i DX SR T 0 728 , 2 R0 AR M DX Js R 007 8 PR R AT EBR LA I 3
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Fig.1 Frequency distribution of mercury concentration in household dust in rural areas in Anhui (mg-kg™")
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Table 1 Comparison of mercury concentration in household dust in various regions

HuIX AL A T B bifE 22
Region Sample numbers Average Median Standard deviation
Iagiia 50 1.06 0.39 2.17
pERRIM 20 4.73 2.45 5.02
BT ) 45 0.09 0.08 —

1,2 g [20] 29 0.068 0.071 —

LA (AHF5E) 132 0.26 0.17 0.27

2.2 RBORIE ML DR A 3 R 2R ok B B A AR

LRI AN ) b DA 38 IR RS2 B i S L ME R 17 (0.62+0.51 mg-kg™' ) > FLPHTT (0.34+
0.26 mg-kg™" ) >/NZ T (0.30£0.21 mg-kg™' ) >ZE M 15 (0.26+0.28 mg-kg™" ) >EEHETT(0.21£0.27 mg-kg™")
SR T (0.23+0.19 mg-kg™" ) >H LT (0.17+0.11 mg-kg™' ) > ¥z 11117 (0.16+0.13 mg-kg™') =2 Kl
(0.16+0.12 mg-kg™" ) >E IR (0.14+0.16 mg-kg™) >75 M1 (0.087+0.019mg-kg™") WK 2./ BT i
M ASR AR X AR S R AL 70% , JE LI EI N ol 3 R R AU A E) 129.8%
112.0% 110.5% , Ui B A AN 1 X 28 N IR AR v oK 55 1 1 25 [R] 731 22 S 3K SRR A2 AP T .
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WERGTT (25.87 £i5) >EFHTT (11.21 £5) >IN T (9.50 %) >Z M T (8.14 £5) >/NE T (7.74 £5) >H LT
(5.76 %) >BEHETT (4.26 £%) > 15 M T (3.83 £5) >E Ik (2.09 £5) >4 PRl (2.04 £5) >z LT
(0.39 %) FLrifERg | BB R M X 5 PR 2 ok B B A g , e i 4085 Ml 10 15D b
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Fig.2 Distribution characteristics of mercury concentration in household dust from part of rural areas in Anhui

(Note: Small letter and capital letter means significant level in P<0.05 and P<0.01, respectively; * :outlier value; * :Extreme outlier value.)

2.3 CERUEAKS H XS AR A FoR i S [ 22 e e i

TR AN TR M T AR A 2 N IR A PR OR B 23 193 A 22 S B W (&1 2) , Tl i AT i X 3 Py R 442 v ok
TR 0.62 mg-kg™! I AE N TR KA OR F i T AG LA BB AE SRS R TR = N KR
R H 5 3 R TASHE S A T AR A2 R ok 5 8 (P<0.01) AR A M T A A i X % A IR A2 rpoR 77
T2 ] 22 5 T GE T R S A HFFE W] R OR HE RO 3222 i AR R AR IR >, 0 e i R A
S DR SR K-S 2285 S ERIREA T MV A v ] B R AR R RO o v B RSO AR
(¥ 509 LA _E-"20 T e R 2 R T R A i XA — B KT T TR L R
KRB AR AR B XA AE R OB AR b , (A5 U2 rh 5 R e R B 2 3, =z 28 A o AL P
2%, FEENRAE ORI E .

A5 T PN R s ()t S B 2 S d i AR S MO B, AR T 96 R T P A AR R R 2 e
F(P<0.01) , I T N AR B EE2E 5 (P<0.05) , HoAr 45 T N BB =2 18] 28 A IR 2R oK &5 o 28 S P TR e i
S S SR T R 2 DOMIWR I EL A 38 N R AR ok 5 A, oy LI o0 7 T T 9 R X, R AR AR W T
1 T EE S AR R 3 5 LT T TR s, DR 2 5 SR B g 5 TR S5 T I [ L SR A AR AR, A
Oz B IX A D 1 S g R L | LA S i T A S 7l S48 DA st R 3 T AT 3 P R 42
IRt SR A ) 1 2 5 R 2 R AR Y B S R R T KRR RL T R B Bk i s 18] 43 A 25 5 S AR OY
= R AR IR 1850 A 22 5 PReARp— SOV 9 R T i SR AN L DXl Al ™ DX, IR SR IR A L T, IRE AL
FERRGE R AR TP RS R I — B B R 2 B BOZ M X AR A 38 IR AR SR & ik T i 5 T ) Ak e e Tl K
XA RG G B AT X H LAY A= P36 30 32, 38 R AR ok 5 S AR B, S 30X AR S P A
P2 o 5 Tt Ry Y74 P VAR 0 e = 5 e [ Y S P (o R R R e B D L &
FIREAT DR SR AN 7E R AT WO AR KGR T, S O R A R R (9 T 46 I LA i A7 e Al SR A
XA, AT AR P Aok 5 o B B DXk 22 5.

2.4 N KRAFRGEEM AR
2.4.1 AR DA R ZE T By Ja X ok o3 Ai B 82 Wi o0 A
M XA A 3 DA [R) ST i o 38 N IR AR R ok S O GE T 0 M (35 2) B s P a8 IR A2 ok 75 B i

=
T57, i 10.9% H &5 A8 S R ECHE o v, e ) 28.5%. — K78 3 A0 ik 1.36 .0.97, 281
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AR 3 DXCRE B 28 AR A2 o 5 S B R EL O, 4% M T AN ] B3 Jae 28 TR A2 oK A 7 e AR A/ N X T ¥
AT i DXl 38 A A B, A 3SR AR DX B S T v T B SUT , R JER A R B A v, 0 ) T AR A X
BR, FEORAMIT A G BURB ™, KR i & el AR S MO e, R I R R XA
[7] 7 2 S B ] 28 PN K 2B R B B 28 e SE i L (P>0.05 ), Ul W2 U &8 N IR AR ok 7 32 B Je 26 THY
SR,

F2 RIS E N AT RS %

Table 2 Statistics of mercury concentration of rural household dust in the different house type

s v b GaRFRiENE o] it 22 R Y
P B i ff b2 A
Range/ Average/ Standard Variation
House type Sample numbers . . L. ..
(mg-kg™) (mg-kg™) deviation coefficients
3 69 0.02—0.99 0.31aA 0.27 0.97
55 63 0.02—2.40 0.28aA 0.44 1.37

I /NGFRERIR P<0.05 BFKF, KE RIS P<0.01 23K

Note: Small letter and capital letter means significant level in P<0.05 and P<0.05,respectively.
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Fig.3 Statistics of mercury concentration of rural household dust in the different house type from different cities

2.4.2 AR Hi DX AEE XS P K AR R 43 AT 1R 5 )

FRAERAE AT B 500 m DA B 3SR DL, FE7E R £ AT I BliiE B 3E UL L 3 Fhacl ey s
RN RGe T (3 3) AN[RIE B R 2 AR AT 2 P A2 R - 35 i S« I 30 B i 3 %> i e
S R FES I T8 K DA b, el S LTI T R 105 R AR R B 43l v R I A S R T B AR T
DL SR 51 26.4% 34.9%. = FH IR 5 R E T 0.8 VL b, 230 H 0 AR SRR 22 U 45 H T AR A
HiIX & BB /D, DG KB AT, DRI & A3 o) &) i B 5 28 PN R A2 SR B BB i 5 /)
A X BT IE B A 2, HLDUR FH 220 3 BRRHR R 32 3AIK, O AR K e 6 T S B MR S i A o ™ o 5 44
T8 K DA b AT, S R NGy |, 3 5 I A R VR B S R AT IR AS A O, BECRES T TR
SR FE B 7o T AT T S 0 G 2 SR M E O DRIk 1 T L T 5 A N K AR TR A R R T I I A T
DL 36 0 5R B e i i ES B B AT, I £ A IE RS ELTE A R DL R TE A 2 R E S e
2, I LA A TR T A AR A b DX 2 P R A4 SR 1 B 40 A AR S A S ISR A S 28 LTRSS B
AIARHT L DX 5 Y I 2B TR AR B A7 1 2 ) i 383 R 2R I /).

2.5 BT ILEE KA R R XS T

HRAE I FE DX 45 FE RUR AR TR B 1 S A S 25, Fae At B JRUS A5 70 43 1) 530 22 R4 ¥4 43 i v AR A 28 P IR
IR JLET-H H R SR R (3 4) B 8o H il % N R 2R SR HE AR IR A5 2 18 1 0 2R R
A>T A S B R fil > PP IA For DLIE R T SR Z8 VR A 2R B 1 f ol S 3 0T 45 3R A2 B0 AU
PIRABL 1, e 2 BE P, B B 5T X 5 N 9R 15 G 359 2R 18 21 A 2500 AU IRURS: 48 25 (HI) R it Rg T
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(0.069) >ELPHTT(0.038)>75ZE 1 (0.033) >ZZ M 17 (0.029) >3 117 (0.024) > M 117 (0.026) >4 BT
(0.019) > 5117 (0.018) =~ Z2PETi (0.018) >E I (0.016) >A MM 17 (0.010) , He iRl  ELBHTT /S
T RS FEE N DA EE AL LA 45 i, L XUBS FE B 48/ IN , %eb AAARE A B I8 174 it g JRUSS:

R3 AFSSCEIB AN EN KRS BT R

Table 3  Statistics of mercury concentration of rural household dust around the different traffic type

FE A8 ¥E brifi 2 f&fJ\{ﬁ ff&jtﬁﬁ E%?i‘&
Average/ Standard Minimum/ Maximum/ Variation
Sample numbers (mg-kg™") deviation (mg-kg™") (mg-kg™") coefficients
I3k £ A i 106 0.29 0.33 0.02 2.41 1.17
I 3f EL 77 3 12 0.39 0.64 0.03 2.02 1.64
348 18 B A L 14 0.25 0.20 0.03 0.72 0.81
x4 FNKARARREERZER G ZE T (mg- (kg-d) ™)
Table 4 Exposure dose, hazard quotient for mercury and exposure pathway (mg- (kg+d)™")
ADDing ADD;,, ADD jermal ADDVup(u‘ HQing HQ;,, HQ jermal HQ\'upnr HI
(x107%)  (x107')  (x107°)  (x107°)  (x107?)  (x10%)  (x107*)  (x107") (x107")
2 T 1.68 4.72 1.94 1.97 0.56 0.55 0.92 0.23 0.29
e 4.06 11.40 4.67 4.74 1.36 1.33 2.23 0.55 0.69
LE3i) 1.35 3.78 1.55 1.57 0.45 0.44 0.74 0.18 0.24
T 0.93 2.62 1.07 1.09 0.31 0.31 0.51 0.13 0.16
EHT 2.25 6.31 2.59 2.63 0.75 0.74 1.23 0.31 0.38
kM T 1.52 4.26 1.75 1.77 0.51 0.50 0.83 0.21 0.26
LT 1.04 2.91 1.16 1.21 0.35 0.34 0.57 0.14 0.18
2R 1.04 2.91 1.16 1.21 0.35 0.34 0.57 0.14 0.18
N 1.95 5.48 2.25 2.28 0.65 0.64 1.07 0.27 0.33
T M T 0.57 1.61 0.66 0.67 0.19 0.19 0.31 0.08 0.10
F=inn 1.11 3.12 1.28 1.30 0.37 0.36 0.61 0.15 0.19

1 : ADDing: F H i 24 A ; ADDinh ; ’FIR iR 7288 A it ; ADDdermal ; J7 i 4848 A it ; ADDvapor : Hg Z8 VSRR 8% A ; HQing: T H %
N AR XU ; HQinh : M 3242 T A B0 KUK ; HQdermal : B2 k42 T AR B0 XURE ; HQvapor : Hg Z87RR AR T AR B0 KUK

NOTE ; ADDing; average daily dose by intaking; ADDinh:average daily dose by breathing; ADDdermal ; average daily dose by skincontacting;
ADDvapor ; average daily dose by Hg vaporing; HQing: hazard quotient of intaking; HQinh; hazard quotient of breathing; HQdermal ; hazard quotient

of skincontacting; HQvapor: hazard quotient of Hg vaporing.

3 %518 ( Conclusion)

(1) ZRAE TR AT HIX 28 PN IR AR R385 3l gt A1, RN b IXOR A2 B KA ok 5 e B 5+
B seEAR L, SR AR — i AR R b DIMERG T BB TR ™ B Y 1 T
10 f5 L.

(2) AR ARF ML X E IR R E s A 25 etk 3 B MR T > BB T > 7S L > 22 M
S AER T SR T >5 NS T > E 3 1L T ~ 22 BT > B 4T > 18 M i

(3) LB FRP AN 1 X 28 N K2R TR R 5R 5 £, 52 1% B BA RN Sl e 80K, 52 s 26 Y | 28 id 26
LIS S AR

(4) TR I AT 2 IR TRITTFILE R 4 FRA P4 H RE R ER, R . 255
W > 1A > Bz R A > WU I N 45 b T A A 28 N IR A R it e XU, R 850380 /8 1 FE &2 2 I (E N, R
S KU A/ N ABE R T R BH T 7 22 i USRS 8 50 iy, g DA A 4.
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