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W OE CRESURIE NN 6 MR R A IR R PMy s M, TS (35 1 I ) R SR B
R BE K RZS B 0 A R AIE, 5 PM, 5 WRBE ML WSS XSt #1250 07 T 5 SRR 3 4
TR IS ENFE TSR R 25 SRR, S SRR T Rk B VE R 1.72—94.5 ng-m™, 7 HIRSE
WA 20.4—52.1 ng-m™, Hep s AL 500 7 H W B (0 L B4 B0k 52,1 ngm™ A
37.4 ngm>, RE\EFMAORERZ, HESNHN 26.5 ng-m> Fl 27.9 ng-m™>, KB FIGE pe AT 8K, YW{E S
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Distribution characteristics and health risk assessment of perchlorate
in PM, 5 in ambient air from six cities in Beijing-Tianjin-Hebei and
its surrounding regions

ZHU Hongxia' QIN Xiaomei*  XUE Lidong' ZHANG Linlin' YUAN Mao' ™

(1. China National Environmental Monitoring Center, Beijing, 100012, China; 2. Chongzuo Ecological and Environmental

Monitoring Center of the Guangxi Zhuang Autonomous Region, Chongzuo, 532200, China)

Abstract Air PM, 5 samples from Beijing-Tianjin-Hebei and six surrounding cities were collected
in spring. Perchlorate were analyzed by ion chromatography. The concentrations and distribution
characteristics of perchlorate with PM, 5 and previous data were compared. The results indicated that
the concentration of perchlorate varied from city to city, the average daily concentration range was
1.72—94.5 ng-m™, and the average 7-day concentration range was 20.4—52.1 ng'm™. The average
7-day concentration in Baoding and Beijing was higher, the mean values were 52.1 ng'm~ and
37.4 ng'm respectively. The average 7-day concentrations in Tianjin and Shijiazhuang were the next
highest, with the mean values of 26.5 ng'-m> and 27.9 ng'm, respectively. The average 7-day

concentration in Zhengzhou and Jinan was relatively low, the mean values were 20.4 ng'm™ and
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23.7 ng-m”’, respectively. Comparing the daily breathing exposure dose of perchlorate in the six city,
the difference of daily exposure dose was consistent with the difference of concentration. At the same
time, infants, the exposure dose of children was higher than that of adults. The health risks
contributed by the calculated respiratory exposure were relatively small, but children in the
developmental stage were exposed to higher doses. So it is urgent to pay attention to the perchlorate
content in various environmental media, make comprehensive analysis on exposure dose and health
risks, and take control and treatment measures.

Keywords perchlorate(ClO,), six cities in Beijing-Tianjin-Hebei and its surrounding regions,

concentration level, inhalation exposure, health risk.

HARE: (Cloy) Rt m, B—FEs A THLS 328, 75 AR AU T, WEJLHFERETF K
R[] A BE R A 2 oK IR PR | A 3, v RN A ek R R VA, 5 A g i P R A S AR
AT A R 2 Al A AR R A, 9 ok A Sk AL R A, I PR R R S R KT, B R R AR A K K
B T AR R A5 A A N AR e, R B TR AL R KT AR R L e R A
/) QW AN = 3 0 A R =Sy 1Bt DA =G O 4 o T /0 S R 7 e A

PR B o & R, o SRR AR AR Z IR BE A AR A AR T O, R R A4k, A s R W, B4
M 22 N AR AE SR AT A I, PMy g0 T Y B SRR AR B it B 3K 39.16 ng'm®, PM o Y 1Y 5 SRR AR vk JiE
K 9.89 ng-m L A W 5T M T RK A Z K VD BE 050 IR BT 45 R PM, s R R AR R, ViR B S 1L
3.09—5.86 ng-m, F. PM, s "1 = SRR Mk 530 1= 1 PM,y sy "I R SRR IR, 6042/ T 10 pm
f R A PR, SRR B BAE PM, s 40 BURE U0 PM, 5 2 DI E AL W Rl AR i N R0,
AT AR WG i A, 5 | 4 i 2 RE U2, p T i SRR AR AT P i, Z2F IRl PM, 5 i A ARG IR 25 5
B, A SY 32 B SRR BT 25 R, PM, s P ) v S R R T 2.

ClO4 RN A2 J7 v F B B 1 (0 1 -H A A 0 9| (i g k1190, YA €8 3% s v )
% T 398 5 7 2 HICS R S, EL v 0 Al S A 2 T8 LSS IV R S B X s A KA Y )
T SEAF N 28 32 T T AR IE R4 T 3L SR 6 AN IR (b, R, R AR IE . Trra Ml
KM ) 9752 PM, 5 B8 &, B €030 i SR 00 3ok 0 E v 1 v SRR 3R 7 2, 40T T 4 i) A A R A 31
SR LEE RIS B 6 1R8I 17 1 SR I 359 2 6 79 i, o R 1A fde B RUR: 0047 T 90 26 VE M, Rk st
KR R 6 A3 T P 200 UK 0 I U5 A AT 0 I XU DA, LA B R IR I 5 vl & 25 A BIOIR 990 0, 2 i —
TE M RR 2= .

1 #M¥5 77 (Materials and methods)

11 SRAFE A FERAE R H]

TERUESE N A 6 3 (b, R R . AT Treg AN ) R4 PMy s A, SRAE s T
Ik T R b, SRR ETE R R 9:00 FYk H L 8:00, SRR H IR : 2017 4F 3 A 28 H—4 A 6 H, 4K
TR 7 d. 3k 42 RS,
1.2 FEACRAE S

RFERS ) Ry iR T DU SR AE AR, RN 16.7 L-m™, REERFIZ R 22 m®. REEJERH HIE
47 mm () A7 J LT ARG, RAEZE S B TR &, 0—4 °C s, BISL0%E 5 T-18 °C R IR AE.
1.3 W gk

ClO, Hy I 2 : AT AN 1.5 em? A UEBEAE S A 20 mL PET R, InA 5 mL #E 4lK 5 % i
A 30 min, 2% BOR A 0.22 pm B 2888 (L1235 ) F1 Ba/Ag/H AL 25 ¥ AT (R g 303 /R ) 1
U8, FEREWIEW T, Fe A 1.5 mL A8, H B 3% 1CS-5000"( Thermo, 35 [#) #4743 il ik, #50 #5%
L S AG I 4%, (21754 A Dionex IonPacAG11 HC 43414 (4 mm x250 mm) F1 Dionex IonPacAG11 HC &4
FE (4 mm x50 mm), FEFERFL 200 pL.
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TAER 2k BEJE R 0.005 —0.5 mg-L', ZPEMISC R BN 0.9999; & 7 DAL A 1 FRER W
0.02 mg-L™, B IR 2 /N T 15%, MR IR 81.3%—130%. H#F 0.01 mg- L™ 445 i 775 74710 1
9 YK, HHEARA HIBR A 0.004 mg- L. SEU6 238 23 1 Ay 5 1k BE SR R AG Y

PM, s N 22 : 2 BRARHETT I, PR Bk A S BRI R SF- (RT-AWS, D), X U8 B & it 477 i F
PR, fH I P PR 9 E 25/ T 0.04 mg.

1.4 fg XU PE s

AR T AR Z2 8 A 400 PRI A RN R R4 Ml ) 3 Rk 42, 25 B R IREE 25 < PMy s X
AR B 2 58 A AR — P A WP O R AU, 50 3 B3 o P 2 25 B ) et DA PR3 25 < PML 5 s SRR 6 1 ik
JAUIRSE . 32 P FR] P &/ D A I R % 28 5] e ) B AR 0 =20 B 2 R B PML, s+ R R R T) A
FEOLE . A SRS L) By H ¥ 55 & (DL pgkg 'd"). FH5 m &R AR Z 2B A BT
XiF Ll PPAk AR 47 e SR R X AN TR TR s G 114 fe R DRSS

DI = (C x InhR x EF x ED)/(BW x AT)
o, DI F8 MU B0k ) v R b 1 H 3 B i, pgkg 'd Y C M IREE S Soh M A MR b Wk, pgm s
InhR R WP %8, m’-d ™' EF 2R B804, 350 d-a™'; ED B ER4FEKR, a; BW WIREE, kg; AT H T35 6%
B[] (AT=EDx365 d-a™'). 2 S5 BUE 2 I IR B AHF 2R 8 40>, BR DR 1.

R1 AFARERES A

Table 1 Exposure parameters for different populations

SR JLE A S A
Parameters Children Adult male Adult female
Inh R/(m*d™) 10.8 17.7 14.5
ED/a 6 24 24
BW/kg 322 66.1 57.8
EF/(d-a™) 365 365 365

2 LEE51E (Results and discussion)

2.1 6 JFEITH PM, 5 HP iR SR ER 1 ik S /K

PR B At %o 3 [ A A AWURE A v SRR R R A DG I SR A A, B TR RR O X Rk A ZR A T R ARUBURL
PM, s " SRR ERHEAT T I E , SRAEWIN] 16 4> PM, 5 FE 5 P i i SRR3R W Y B 3.09—5.86 ng-m ™,
[ i PM, 5 (9 BE YL N 44.7—125.5 pg-m>. Yao 259 HF5E 7 1 A a) 2 2 A WITF RS 5 PM, 5 201
KLy i) e E R AR MR B, ZEAF PM, s s SRR N 4.18 ng-m™, I {HAERR A %R 173.76 ng'm,
XTI PM, 5 B B2 91 [l J& 180—800 pg-m™.

6 /™I T[] — SR AL [A] N PM, 5 H ) S SRR AR MR BE QN 151 1 o, MRS FRIAE 1.72—94.5 ng'm ™, 3
{4 31.4 ng-m>, ¥R & T B A RS 30T 18] LU 5 S, A8 RN b 5 0 s G R SR v Ot 20, 24018 301
A 52.1 ng'm™ 1 37.4 ng-m ™, Hofth 4 AN REE . A SIE KRR GE E 1 rm SEURR R e 25 RN, A
435k 26,5, 27.9. 20.4, 23.7 ng'm™.

6 NI R BF BE PM, 5 BV B2 43 A T L An 18] 2 FTow, mT LA H PM, s O [A] 22 S 9F ANBH B, B3
fHTE 20.7—146.6 pg-m™> Z[H], Jbnt . Kt I Trrg . g FA 6/ 7 H B¥{E 535012 752, 74.3,
83.7. 88.6. 83.1, 59.7 pg'm™.

B 6 AN3kTT 7 H XA M = AR R AE PM, s PG & HUAB G, b R, RN L RS L AR AL
F LB HCAE S 50 0.50x107°, 0.36x107°, 0.25%x107°, 0.27x107°, 0.63x10°°, 0.47x10°°, & . L LA A %K
FE 04 PR 55 . 2560 20T 6 /I T 15 08 25 F0 PML, 5 1R B8 TR AH DGk, H 56 280 0.342, FHSEPERESS ; 1T
bt PR A R B A PR ER 5 PM, 5 VR EE RO AH OC R4 r 2351100 0.846. 0.731 Fi1 0.680, FHICPE5R; K
G m AR ER 5 PM, 5 WREEMIAHOC RS r 2351100 0.536 F1 0.311, FHCHERSS.
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Fig.1 Concentration distribution of PM, 5 around six cities in the sampling period

PR s S B SRR B IE o E AR TR R R IR T H SRR, A BFFE R IR U B o
FEAE F AR LR 1 1o S R A 1R 9 7 (Y, 3 2 DR D DR g R A R B g 2 A i i S R R ), AN TR A
A IR R AR S A G RRRAR B0 H A 23 O Az 7l e SRR R 75 X T AR SRR, MRAERRIL . KT A 5T gk
VERRE | 22 K A5 U A 7 i SR R 19 A A B, (A0S SR A S HE A B0 . ASBIF 5 M 00 80 ) ey S R 6 e
JE, AT [ N X BRI 23 R PMy 5 e SRR AR 140 00 S R P Al vy, ELAS [ 3T ) SRR ER R I 5 PM, 5 1Y
AR A AR, 2 T oRAEI ] | M SR A7 A — E 22 5, HL H AT P X3R5 b s SRR £k B
LR, PRI B — 2D 55 X b 1) v SR R AH DG B 15 e UR I A 45 5, X BB 25 b s R B R AT 20
A RFAIE A TR AT R DR AT
2.2 6 WTEFREE A5 PMy s H iy SRR ER 14 BRE XU 3T ¢

o SRR XS N AR J s R | AR BE I8 TR VA T, D 0 A 0 e 22 B P A A 410 7] R fit
R, W E L R A R AR A S A E R DR, TR AR KR M, AT AR SR I
AL ARG T A K HA TR R IR XDR 1 FIUR G B B0y | BOEME 22 /E M, ol S 8685
5 ME S MERFE (R, S SOV IG R AL R AR, gl BUR T IR ., 1501 A9 G A JHL 3t % B 1 A LA i 2 4
J 2t R, 400 FRODR iR ER 2 9 0 FROIR IR S8 A P I ) 25 DX 28, S B8O AR R 23 b i 20 9,

ARG 1.4 795 A4 FE UL PP A5 2R, LU 3Tl SR AR I 18] B PN ) 7 K H S84, 4545 FR IR JLZE AN
A NRE B 58 T, TH 0 SR ERAE LB | AR B PERBLAE 2ok 3 S ARE TP Y H 1P 2R 8 i, 45 2R
2R R 2 AL, JLE A H ¥ B g2 50 a1 i T B AR ot =SR] R, RS
A e B ER AR AN R B H X BR g8 0 i iy 25 S SO Y 25 5 — B0 R L Bt AT KT Y
B R A AR B R EE IR 0.0149. 0.0106 . 0.0080 . 0.0075 . 0.0068 . 0.0059 pgkg'-d™.

R2 6 HllT 3 R AR B IR R H I 5 (<107, pg-kg'-d™)

Table 2 Average daily intake of perchlorate via inhalation for three different populations in six cities(x107?, ug-kg'-d")

JtxBeijing  KH:Tianjin  #NZhengzhou ¥ #iJinan  ffFBaoding 1% )1 Shijiazhuang

JL#Children 1.25 0.89 0.69 0.80 1.75 0.94
WA F P Adult male 1.00 0.71 0.55 0.64 1.40 0.75
A% M Adult female 0.94 0.66 0.52 0.60 131 0.70

A LA T 2 2 AR BRI 23 P 2 B 10 i SRR AR R B (R T2 %550 i 0.7 pgekg - W, BT BTk
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P A R IXLS: 250/ 0N . (EL B AT AF R £l L 7K L MR T o e SRR R A9 0 At -, v SR X A Y
il FRE AR e 7R3 A, JEHR IEAL T % B B B L.

3 %518 (Conclusion)

(1) RAEF ] BE A, 6 T B 28 < PM, 5 F B4 i SR 5 4 O M 5 D g, KA A1 IR
Z, KM ANGT B AR X B £5-G 0B 6 A3l T i SRR R A1 PM 5 e JBE B AH SG M, AHSC MR 55, b st
TRAE FIA1 L 5 ATRER 5 PM 5 W FE AR5, K HEFIGT M A AH SRR . 6 Il PM, 5 Hh s &l
FRER AR P 5 AT WE ST R I S e BE AT — i 25 57, O Bt — 2D 45 5 2 b ) 1 SR R A 5 15 e PR A
LR, RPERIREAS h  SRR AR AT A R A A TR AT RIS IR A AT

(2) BRI 2 AP 19 i PR R AR AN R P 19 B 24 2 B ) 1 A 25 57 15 ok B 1) 2 5 — B, 4 2R AR AE
PR s U B B 10 R AR AR R I IR T B 50 i, JLE A H R R TN, AR e — 2 A il B
RS BEE AR A iy 7K AR e SRk O SRR Y, R O T A BRI A o 1Y e SRR B
AR IEE , 5 70 B 70 S R B XU, R e HES 15 A 280 0 A 4 P B it
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