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Abstract: Objective To assess the exposure and health risks from perchlorates in food and tea among Chinese
residents grouped by key and common areas. Methods Perchlorate content data for food and tea in China were collected
from the literature. Combined with data from the Chinese Total Diet Study in 2015 and using the hazard quotient, the
estimated dietary exposure to perchlorate in different areas was assessed and compared using several health-based guidance
values. Results The highest mean perchlorate content was 175. 54 pg/kg in tea. The results of the probability assessment
showed that vegetables were critical exposure pathways in the Chinese population, accounting for 79. 40% of total daily
perchlorate intake. The 99% daily perchlorate intake of Chinese populations was lower than the provisional maximum
tolerable daily intake (PMTDI, 10 pg/kg* BW) set by the Joint FAO/WHO. However, the daily perchlorate intake of
4.96% and 26. 57% of the residents in two areas far exceeded the temporary tolerable daily intake (tTDI, 0.7 wg/kg-BW)
set by China. In tea, 95% of daily perchlorate intake was lower than the PMTDI, but the daily perchlorate intakes of
57.47% and 77.94% of the tea drinkers in the two areas exceeded the tTDI. Conclusion The risk of exposure to
perchlorate via dietary intake in the Chinese population is generally low; however, there are key areas where the exposure

is significantly higher than those in other areas owing to high local pollution.
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Table 1  The mean and standard deviation of perchlorate content in food from different regions of China
R I d X X At
FEG A P {H (min,max)/(pg/keg) FREZE FER R P {H (min,max)/(pg/ke) ArifE2E P FES B YA/ (ne/ke)
oS 10 4.60(—,—) 2.30 — — — 10 4.60
% 11 40.22(0.28¢,98.84) 30.93" 35 149.23(0.075°,417.00)  98.28" <0.000 1 46 123.16
P s 13 17.09(0.28°,101.99) 29.33" 35 26.89(0.075°,266.40)  44.52* <0.000 1 48 40.90
i 9 34.51(3.10,177.22) 58.27" 35 35.07(2.94,209.95) 49.13" <0.000 1 44 34.95
fiif 178 5 24.46(0.28°,102.03) 43.12" — — — — 5 24.46
ok KA 5 33.21(0.28,133.53) 56.47" 15 12.88(0.075°,84.26) 24.56  <0.000 1 20 17.96
Hp 2 2 6.82(0.28°,13.36) 11.09" 120 11.62(0.075°,26.20) 15.04* <0.0001 122 11.54
JRZE — — — 35 10.19(0.075°,114.00)  23.08" — 35 10.19
ik — — — 15 6.58(0.075°,59.39) 15.03 — 15 6.58
i A2 — — — 40 3.96(0.53,21.50) 431" — 40 3.96
THE 7 0.74(0.28°,2.70) 0.89" — — — — 7 0.74
W WA 12 12.60(0.28°,16.45) 4.94" 35 8.14(0.15,80.65) 14.69" <0.000 1 47 9.28
IR 9 0.73(0.28¢,2.16) 0.63" 15 12.51(0.91,94.62) 23.11  <0.000 1 24 8.09
KR (e s 14 1.29(0.28°,6.31) 1.77° 70 4.38(0.075¢,34.67) 6.94* <0.000 1 84 3.86
F 2% 4 0.80(0.28¢,2.37) 1.00" 35 3.27(0.075%,14.70) 3.44* <0.000 1 39 3.02
JLR K 3 2.57(0.28¢,5.87) 321" — — — — 3 2.57
Ek X7 10 4.30(—,—) 1.50 35 15.54(0.075°,59.31) 13.29* <0.000 1 45 13.04
LES CRNLES 10 7.20(—,—) 17.90 140 4.45(0.075°,22.76) 3.93* <0.0001 150 4.63
" 2k 178 7.96(0. 05 ,71.50) 9.67 5 6.34(4.40,8.25) 1.63" <0.0001 183 7.92
- [ S — — — 95 4.89(0.075°,15.80) 3.87" — 95 4.89
ZL il 10 6.80(—,—) 9.30 20 14.40(9.38,25.20) 4.23" <0.000 1 30 11.87
et 336 158.05(1.50°,16406.60) 206.85 73 256.02(14.80,1507.90) 292.55 <0.0001 409 175.54
FE ra 7 19805 h 0 05k 2005 o o SR FGEIN J  A HE PR A 1724 Sl HE S M 5 — « SRR P RO R 45 1
Foo P ERE M XA 0 AR R
Table 2 Content of perchlorate in tea from different regions of China
it X FER 8 /ME/(pg/kg) AL/ (ng/ke) I RAH/(ng/kg) B 18/ (ng/kg) bR 2 ERPUN
it 10 — — — 59.00 51.90 [28]
LY 50 25.00 286.00 702.00 257.16 183.20 [26]
LR 15 1.50° 151.70 1 026.80 286.30 294,73 [17]
finges 60 10.90 86.00 745.30 145.20 158.79" [17]
R 16 20.80 243.50 1 646.60 390.10 459.57" [17]
ST 13 1.50° 53.80 546.00 120.10 162.74" [17]
T g 8 101.40 200.60 1 463.80 470.40 474.97" [17]
i 8 55.60 158.20 288.60 174.60 81.23" [17]
A 6 72.50 181.80 588.60 223.00 201.36" [17]
) 40 1.50° 29.70 392.00 52.90 90.55" [17]
Wil 40 16.70 117.80 463.60 154.50 103.62" [17]
Wil 70 1.50° — 310.00 57.92 57.66 [29]
WL 8 79.10 272.50 1.338.40 390.40 439.03" [17]
BT 10 14.80 116.90 173.50 100.00 51.30" [17]
Wrg" 9 55.20 378.50 1507.90 646.10 486.13" [17]
g 40 16.30 166.10 624.30 197.30 140.98" [17]
TN 6 27.80 110.10 474.30 143.20 174.20" [17]

T e SR ARSI 5 32 4G 1 BRAG 172 48 g LA 4k

PR s b 7 15 T R DX — < SCHR P B R 45

655 >65 B N WA N ELEEEHEREAN >65 % M AAFEW AR AN BELEEEHBEANS
Mg £k 7% % & ¥ E 2 9 8 0.276.0. 181, AR R E R YIE 50 1.814.0.596.1. 850,

0.227.0.246.0.233 wg/kg* BW, 5 & X (143 5] K
0.776.0.545.0. 642.0.592.0. 626 Mg/kg'BW-99%
M oE RO R R EE Y OR i JECFA & 2 W
PMTDI, {EAK 5 3% & «TDI, 5 4 3. 23%~7.99% I
5 X E R DL K 24, 95%~36. 07% T 5 X R A
REVE A RERN HQ=1, HPE XK 2~12 ¥
AT 2 1 e R R I A R R A e, [ A M XA
FErP AR B R A HOQ=1 19 el i 5 TR 8 A
[X (P<0.05), JFEHIX 2~12 %/ \13~18 % [19~65 %/ |

1.864 . 1.846 pg/kg* BW, 5 14 X [ 20 3 N 2. 463,

1.055.2.648.2.511.,2.615 Mg/kg'BW-95% B S
% E By PMTDI, {H 4
5 Fe [ (TDI, 20 B A 23. 48%~60. 43% Ik & 15 X4k
ZEANBELL B2 59. 78%~T8. 65% T 15 X Ak 45 A RE i &
FRER G R HQ>1, Horp 8 5 XAk AS AR
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R HQ=1 1Y L i iT =

R FEmYABIT JECFA ¥

i 19~65 % J& B A
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Table 3 Risk probability assessment of age-specific perchlorate exposure in Chinese from general and key areas.
i £ 7 R h 52 7% 1 Exp/(ng/kg BW/d)
434 P |1/ % 12/ %
vl B 75 e 199 Bl 1/% 2/ %
X 2~12% 0.776 0.980 2.498 4.475 36.07 0.07
L <0.000 1
JEdE A X 2~12% 0.276 0.312 0.920 1.942 7.99 0.04
X 13~18 % 0.545 0.699 1.766 3.268 <0.000 1 24.95 0.01
JeH X 13~18 % 0.181 0.225 0.573 1.122 ’ 3.23 0.00
. ON i 41X 19~65 % 0.642 0.746 1.967 4.489 0,000 1 26.98 0.25
(n=32121) A E X 19~65 % 0.227 0.241 0.678 1.751 ’ 5.56 0.05
X >65 % 0.592 0.700 1.769 3.880 25.00 0.14
L <0.000 1
B X >65 % 0.246 0.259 0.744 2.093 4.71 0.07
X AR A 0.626 0.733 1.917 4.191 <0.000 1 26.57 0.17
e S X 2R 0.233 0.246 0.696 1.789 ' 4.96 0.05
X 2~12% 2.463 3.217 7.003 12.561 <0.000 1 76.32 1.99
JrE X 2~12% 1.814 1.919 6.320 14.542 ’ 60.43 2.20
ENX 13~18% 1.055 1.331 2.631 4.454 59.78 0.07
. <0.000 1
JEEAIX 13~18% 0.596 0.668 1.832 3.893 23.48 0.06
e PN X 19~65 % 2.648 2.998 8.686 18.066 78.65 3.85
- <0.000 1
(n=1 143) e X 19~65 % 1.850 2.036 6.675 14.622 57.33 2.31
X >65 % 2511 2.847 8.488 18.304 <0.000 1 72.83 3.64
X >65 % 1.864 1.974 6.523 15.168 ’ 58.14 2.36
X Rk Al 2.615 2.975 8.602 17.980 <0.000 1 77.94 3.65
A F s X AR A 1.846 2.005 6.642 15.007 ) 57.47 2.34

H 9 1ok Exp 53 E DI HQ> 1By He il 5 He il 2 o4 Exp-5 JECFA B PMTDIAH b, HQ> 1 i L f5i)

P& 2 B s, 78 WG 23S 3 IX 45 4F s 4 v, B30 2
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i (0. 68% ) >HF8E25(0.20%) . TEEREE NRET , 250
I B% S 2 o R R R AR A R A A 2,
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Table 4 Risk probability assessment of food perchlorate exposure in Chinese from general and key areas

T X R AR TR R /(g /kg  BW - d)

A A5 X e AR ER AR B 4k /(pg/kg* BW - d)

s
Lkt 1 P95 P99 y{H Pos P99 r

A0 0.095 0.000 2.593 0.044 0.000 1.037 <0.000 1
Bk 0.510 1.594 2.881 0.172 0.573 1.140 <0.000 1
RS 0.007 0.024 0.051 0.010 0.038 0.122 <0.000 1
FL 0.004 0.027 0.068 0.002 0.011 0.044 <0.000 1
TR 0.003 0.017 0.052 0.003 0.015 0.040 <0.000 1
HAH 0.005 0.023 0.051 0.002 0.007 0.012 <0.000 1
1S 0.002x1072 0.000 0.000 0.001x107"! 0.000 0.003 <0.000 1
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Figure 2 Food groups that contribute to the total dietary exposure to perchlorate of the different age groups in two are
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