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The pollution characteristics and health risk assessment of heavy

metals in dust from different microenvironments in Shanghai

YUAN Mengfei' ZHAO Jing'? ™ WANG Yu' GU Weihua'*? BAI Jianfeng'?
(1. School of Resources and Environmental Engineering, Shanghai Polytechnic University, Shanghai, 201209, China;
2. Shanghai Collaborative Innovation Centre for WEEE Recycling, Shanghai, 201209, China)

Abstract Taking the dust as the research object, the pollution characteristics and pollution degree
of heavy metals (Cr, Ni, Cu, Zn, As, Cd and Pb) in dust from eight microenvironments in Shanghai
have been investigated, including seven indoor environments (shopping malls, shops, subway
stations, office buildings, classrooms and dormitories of a university and houses) and outdoor
environments of surrounding road. Based on this, two indoor exposure scenarios of working/
studying, living, and outdoor exposure environments were integrated to comprehensively assess the
health risks of different occupations exposure to heavy metals in dust. The results showed that heavy
metal pollution was widespread in dust from different microenvironments. The content of Zn was
much higher than other heavy metals, while Cd and Zn were the most polluted heavy metals.

Compared to other microenvironments, the content of heavy metals in indoor dust from shops was
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the highest, so was the pollution degree of heavy metals. The content of heavy metals in outdoor dust
was basically as the same as that in most indoor dust. The hand-to-mouth ingestion was the primary
exposure pathway of 5 different occupations exposure to heavy metals in dust. However, the main
exposure source of heavy metals varied among different occupations. Indoor dust from houses was
the primary exposure source for the staffs in subway stations, offices, and shopping malls. Indoor
dust from shops was the main exposure source for the shop staff, while indoor dust from classrooms
and dormitories was the primary exposure sources for undergraduates. Carcinogenic risks of different
occupations exposure to heavy metals in dust of indoor (working/studying, living) and outdoor
environments were within acceptable thresholds, but there were no non-carcinogenic risks.

Keywords heavy metals, indoor and outdoor dusts, pollution characteristics, health risk

assessment.
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E RGN IEH IRE, & AN AT 3 P45 4550 7,

JRAR Sy A B R IZ (TS e sk 2 —, AT K 0 5 46 s A W i, 2SI 1 45 F Y
SO A 2 BT I A SR, R 5 A A R R AR (e 11 EE LIRS A TR 2R = Ak
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AR A Cr A2 AE B S8R B0 XU A1, 20T XA A 5 B2 2] X3 N IR A T 4 Jai 349 AR 0 A AR 2 ol fie
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AR /D, DRI 3 2o Jo X AN R A 5 I 2 T 4 8 OIS, LS Rl B b o 4 T V5 etk o, B 4
& TE AN TR S A 358 118y XU K 1 s it %) il R XS, LA 300 A 3k T S 55 i R 0300 R g DR 657 2 (LA A

ARSCUIR A B FE R G, $R5% T 8 P A S A i b . Bl Bl . bkl L B AR L B
T fE A R BESE T P E IR N R 0 A AN A KR #4328 (Cr. NiL Cu., Zn, As. Cd Fll
Pb) ()75 Y FEAFE A5 YL FE B s 7R BLSERE b, 385 T A28 S AL TG 45 2 R N BB IE = DA K S 4 R iR 1
S, ZEA VAN = NS 2 v B 4 XA TR AR ) i 5 XSS

1 #MBLE )7 (Materials and methods)

1.1 FESCREE

2020 4F 12 H—2021 45 2 A7 LT RAE T 8 il IREE It 39 AN ARAE &, Horp 21 AN N KAk
MoRAET T R E NI, SRR Arh Rl ek . H R RRHE . AR 3 R
18 AN A SR TR A . AR T 8 R, FACERIRAE LT . R SRR FIN &Y
i SRR B R AR, Rl — SRR SRR B IR AR TR A 5 S A AL A A B8, T-20 C UKAEDGIRAT.
1.2 B4R EE

2 2 g A BIF 5% U0 K 2 B A R AT T AL B A AR ol 200 B R B 0 S, U B AR BURE S
(0.2000+0.0002) g, & T 5 VU 245 TH fHE 1, il A 5 mL HNOs. 3 mL HF £ 1 mL H,0,, A S 1 f#
1L f#, SE UG A 2 mL HCIO, 2, 5 FH 1% A HNO, i B 258 20 mL, 2 8 Jim 15 0.

R LB 5 S TR R SIS (ICP-OES) Ml i Cr. Ni, Cu., Zn, As, Cd ll Pb % 7 F
RIS R ARE TAEA R E M 0.1, 1. 2.5, 10 ugrmL™", ZR P AH 56 R E(R) YK T 0.999. Cr. Ni,
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Cu. Zn. As. Cd. Pb iy X &% & 5 BR 4 % 2 0.0090. 0.0030. 0.0100. 0.0060. 0.0410. 0.0020,
0.0250 mg-kg™; 1L %8 & f BR 4> 914 0.0296. 0.0099., 0.0329. 0.0197. 0.1349. 0.0066. 0.0823 mg-kg™; 7
P BR324 0.0172, 0.0057, 0.0191, 0.0115, 0.0783. 0.0038. 0.0477 mg-kg'; J7 3% & & IR 43 51 My
0.0565. 0.0188. 0.0628. 0.0377. 0.2575. 0.0126. 0.1570 mg-kg™". A5 52 56 iy v R P, 41 52 56 24 i
A2 H R T S S, 45 R R WL 45 or R AR T ALER R R PR A& oo 2 i S [ AE
99%—118% Z [1], MAEE FAH X 25 24/ T 10%, 456 5 48 34 T ft 4 i 2K

1.3 KAETEERIG M ik

K Fl 3 RERFEE0% (Geoaccumulation Index, Ly, ) WU KR FHEE B B {5 YRR L. Lo, T AT

C
Ige():]OgZ (TB,) (])
A, CFRRKAEPTESE i & E(mgke!), B, NESE i 11T 500 (mg-kg™). ACRH BT
+HEFFFE, Cr. Ni, Cu, Zn, As, Cd #1 Pb i + 335 5 {543 5 M 75, 40, 28.6. 86.11, 9.11, 0.133,
25.48 mg-kg . Mo RFFEEIEM K A2 E 4 BTG YL I 0 AR E LR 1.
T 1 M BB F R

Table 1 Classification standard of geoaccumulation index

T YAEE (L) Vig' TR
Pollution index Grade Pollution degree
RE e YL
5<1,,.<10 6 BT B
& Extremely polluted

RS

4<] <
= > Strongly to extremely polluted
AN
3<1,, <4 4 TG YL
& Strongly polluted
i ERNE=S VAN
2<l,. <3 3 - E T g
& Moderately to strongly polluted
ERFERVIN
1<l,,,<2 ) SERGT
& Moderately polluted
i SN E=S VAN
01z 1 P
& Unpolluted to moderately polluted
pRETS
1<
zeo=0 0 Unpolluted

14 {aRR XU PFA
141 ANRZEEE VA

A FE R FH 2 E P55 OR 477 2 (USEPA) £ 114 i SR JXURS: D1 A 78 090 3P4k J 24 v i 4 i 3l i - 11
T R A RN R iR 2 i 3 R R BRI AR X R R PE A (Bl At | g TAE AR L B TAE
NG MR T AN BRI Al T AN B 09 2 58 7K T R g R XURS: . AR SO 98 19 Cr. Ni Cu. Zn., As,
Cd A1 Pb Xf AARHER BA A B0 il XU, Forp €d. Cr. Ni fil As b B S0 XU Y. R R 2 #Z e T H
Y gg it A S R oK.

F-HHEAER H Y2 EE i (ADD;y ) :

CxEFXED
ADD,,, = —————

R; F 2
BWxAT ne>C 2
VP A7 F T4 B85 B (ADD, )

CxEFXED y Rin

ADD, = ——— (3)
BWxAT PEF
2 Tk i i 02 H 744 5% 1 (ADDy., )
CxXEFXED
ADDy,, = BWXAT AFxSA x ABS x CF (4)

S H ¥R E% = ADD:
ADD = ZADDW+ZADDR+ZADDO (5)
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', ADD;,, . ADD;y Al ADDy, ) 5437 2 mg- (kg-d)~'; 2 ADDw | 2 ADDg A1 2 ADDo 735l Jg /A ] Bl A
B mg- (kg-d) ™. HoAh 2 55 2R HUE L35 2.

FETE S AN (AR~ L AR PR H Y

Fx2 BRHBESHHBUE

Table 2 Exposure parameters for the health risk assessment models

= RS =)

R,

2 P4 L HUYE S35 30k
Parameter Meaning Unit Value Reference
Cc IR E SR AR mg-kg! — £
91.25/121.67/116.8/174.9/121.67
EF NS TSEETRS da’ 223.26/192.84/197.71/139.61/192.84 [21]
45.88°
ED TR R a 4/24° [21-22]
BW (NG kg 63.5 [21]
Ring ZIBRBAR mg-d”' 50 [21]
CF A REL kg'mg™ 10x107¢
Rinn LR EHFNES m’-d” 16.3 [21]
AF IR o R 7 mg-cm >-d”! 0.07 [23]
SA TR IR THT AR ey’ 2100 [21,23]
PEF WORLRET R m* kg™ 1.36x10° [24]
ABS B BRI e P9 T 0.001/0.03¢ [24]
AT -4 2 /R I ] d 1460/8760/29294.9* [21 -22]

e, AR TAEAG G TAEA G SR . iRl TAE A SRS TAE G TAE2: 2 4 ili91.25. 121.67, 116.8. 174.9F1
121.67, 436G FR 43 51H223.26, 192.84, 197.71, 139.61F1192.84, MRk H #45.88; b. e L B4, HARER AL ER24; c. As 40.03, Hi4vom
F90.001; d. FReF A AR B0 -1 5L 75 i TR]H 1460, HABER D H8760, BUREL L 5475 i [A] HK29294.9.

142 NPAAEERRE XU P A2 1Y

FIEC(HQ) | AR B0 6 B8 45 B (HI) FIEUE XS 15 80 (CR) B35 22 3L B,

HQ = ADDysy; /RID

HI:ZHQ

CR = ADDgy; X SF

CR; = ZCR
K, ADDypsys N 3 PP R EE RS FEAJE H YRR &, ADDy it 3 FI R IEE FALE Y H RER,
PAL7 IS mg- (kg-d) ' RID /R 15 Y1) 2 % 50 &, B07 J2& mg- (kg-d) "5 SF AU &R F F, B4 h
(kg-d)-mg"'. £ E4JEICE A A RID Al SF EAK ILFE 3.

R 3 EEEIAFEUESE R & (RD) FECEFPRA 5 (SF)

Table 3 Non-carcinogenic reference doses(RfD)and carcinogenic slope factor( SF) of heavy metals

Ao XU 4 AL SR F AR SO 16 3 18 B0k, Bom XU A9 AL R B0 XURE 18 8ok . 3R B0 XU

(6)

(D

(8)

9

RfD/(mg:(kg-d)™)

SF/((kg-d)-mg™)

RfDing Rﬂ:)inh RfDder SFing SFinh SFder
As 1.23x10™* 3.00x10™* 3.00x107 1.50 1.50 7.50
Cd 1.00x10™* 1.00x107* 4.00x107° 6.10 6.40 6.10
Cr 2.86x107° 3.00x107° 6.00x107° 0.50 42.0 20.0
Ni 2.06%107 2.06%1072 5.04x107 0.84 0.84 0.84
Cu 4.00x107 4.00x107 1.20x107
Pb 3.52x107 3.50x107 5.25%x107°
Zn 3.00%10™" 3.00%10™" 6.99x107?
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AR B KBS PP B 1 5 HI<1, A XU B8/l T L2200 s 25 HI 1, WA S A7 A2 Al 208 KU . B0
KBS P B - 24 CRy {ELAE 107—107* i [ PN Ik Sy S AR ] 42 52 B0 XU V5 L5 24 CR<107° I, 3A
AAFAEBUE AR 25 CRy>107 I, DA 7715 B B0 AU, EL S R ) XU e

2 %55 59718 (Results and discussion)

2.1 R ESE G 8 XA RE

TR R OREE K A P A A R B A R UL L BT R R A KA b R S AR —
25, B E RS R (5161 mgkg "), HUR A ZEEE (1971 mgkg ') # = (1917 mgkg ') . &
(1679 mgkg™) . B (1506 mgkg™) . i 4 (1149 mgkg ™), Hi kb 8 4 8 & 2 R (% (945 mgkg ™),
AR BN 1 AN BRI oAb, AR RSN K A h 4 8 & 8 1664 mgkg !, 548 KR ZH=E WK
DAY SRR R B, MU A E (1646 mgkg ') P AT HE IR BE (1694 mgkg ™) P, BEAR TAFSE, (H
T T B 22 (1040 mgrkg ™) P %5 T8 & Jm R IR 1Y AN [R], 3 N KA T 4 Ja % 3 76 A [A] X3
YT AN AR A 2 ] S5 A7 B3 1 2 () 25 S 8L R R Bk TG oy L HR PR 9 e Rn Tk AR = 35 e 2 =
KA E &8 SR G, BFIEY IR E = NE SRS & (L 29527 mgkg ', B R
24694 mg-kg P FIHE AR 24662 mgkg 'PY) b T HX R IX

5500 - waPh
s BNAs
5000 L —| =Zn
< 2000F - —
'ep B = N
el - =@
& = ==N.m
FR N B B = E e
| = = = = = =
= = m = — = =
g 10001 E === ==
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500 N E = =
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Q,

Bl A R R IR A v R
Fig.1 Heavy metals content in dust from different microenvironments in Shanghai

VR ROABE K2R o Zn (9 i (413—4636 mgkg ) iz i T H A E 408, i R 43.70%—
89.83%. K HLAF 7L CAESE [ % AR A h Zn 19 B die i B0, RBP4 R 5 HA — B I RS
HE T T R L VAR G PR L T A B AR T e R B AR AN T Zn Y FEEOR IR MR IR AR
JBE R R LA A B T AT BB #E KA TP Zn Y FE BRI 3, [R] -t m] ES
VT 1] B ARES Sh A5 B AR i = A KA. e Ah, 5 HAB A5 (7.8—178 mg-kg ) AH IL, #gkuh A
AR Pb(304 mgkg ') B B dw ey, X 5 U BT HB RS I ST A5 A — 2, X R RE IR A 91 = S EUE ] Y
PEASE KA A B BITHE A 7 P ORI ©° >, FRBE %8 N K2R T Cr(546 mgkg ™) Fl Cu(252 mgkg ™) B 7
iR, T REIR A A A SR I e LA 0 A e A2 30 i B A e,
22 KA R RARREIT O

T A [R5 K 2 4% T <6 e At BB S L P 2. 9B T AN [R5 I A B A A A () A
FEE R IG Y, JUHE Cd(3.70—4.45) ¥4 T H TS Gk LUE, Zn(2.60—5.17) 40 T - %
159K DL (R G R AN ), T 28 G HE. WIFSE 3R B, B I T RN ER AL X BT % R4 Cd 1975 e e
JEIRE] 1 TG YK R b BR = A T O R AR O T B OK A2 Zn AT TS RO, SARERIE—
5 H A ROR AR L, A B K A Cd(4.45) Fi Zn(5.17) BTG YRR B A R PR, 43Ol AL TR
JE AR BE TG BRI B 15 G KF. 5 Cd M Zn AHEE, AR BOER R 2 K22 ih AR 5 R Jm A 15 Qe R HE 1
Bz, Horh Cu(0.97—2.56) F1 Pb(0.8—3.00) #74b TR - rp B 5 Y 2 rp - F V5 e K Cr (—1.13 —
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2.28) b F o5 Y iﬁﬂf“ 5 YK 5 As(0.45—0.84) AbF 52 BE - B Y5 e 7K 5 Ni(—1.13—0.11) &b
FIIE G R E - BTG Y K. BeAh, EAMNKAE 48 15 YR 54 R 2 BE NI A FEAR Y.

61 = Cr
e Ni
5F Y A Cu
v 7Zn
4+ . < < p ¢ As
v Cd
3l 5 v v > Pb
o v v X
8 A >
Nmz_ > a a
v A
A N >
1+ A = > B
* % 4 . a A
< 10} L r
of . " -
- [ ] L ] L J
b °

1 1
i
& . S o°& -\°6 \‘oQ & 6& &
& N o5 ,((9\ < N & N
& RN S & O
& & C Q L
< J &

B2 Ll AR R A b B g o R AR R
Fig.2 [, of heavy metals in dust from different microenvironments in Shanghai

2.3 JRAE G R AR X IO
231 AFRBWE AR 25K

FATI TR W TAENGL B RET ARG Mgk TR GORIR Bl T AR 55 5 FhR
LAV PN i P U RS RN FANN ﬂ?”ﬁ“ﬁ/\%ﬂﬂiﬂﬂ%ﬁﬁ3ﬁaa;ﬁﬁIXTiA}EEﬁ?iﬁH%ﬁi HAR R,
F- DA JE XKD 4 J8 ) R R iR 1%, ADD,, Lt ADDy,, #1 ADDyy, Y 52 75 i 155 2—4 D ECR K,
5 Li 5 B SR — ﬁc mmﬂimai%*gmﬂwm U Sy Rl TAE A B1(2.72x10° mg- (kg'd) ")>
753 TAFE N 51 (1.43x10° mg:(kg-d) ) >5 8 TAE A 51 (1.38x107° mg-(kg-d) ) >Hu 8k TAFE A B
(1.30x107° mg-(kg-d) ") >m A4 (1.14x107° mg- (kg-d) ™).

Fa RFEBL AR PIRBECT AR5 | i) M SRR PR 4 07 89 F 555 it (mg- (k') ™)

Table 4 ADD of different occupations exposure to heavy metals in dusts of indoor and outdoor environments
Cr Ni Cu Zn As Cd Pb >7HM

ADD;; 7.01x10° 13710 3.47x10° 1.49x107 4.04x10° 6.02x10" 3.97x10° 3.12x107
I?ﬁ%“ ADDj,, 2.93x10 5.73x107 1.45%10™ 621x107* 1.69x10° 2.51x10° 1.65x10™ 1.30x10°
bl
Subway station staff ADDy,, 4.03x107 8.48x10° 2.14x107 1.10x10° 9.20x107 4.80x10° 3.38x107 3.06x10°
YADD 2.93x107 5.74x10° 1.45x107 6.22x10* 1.78x107 2.52x10° 1.66x10* 1.30x10°

ADDy;, 7.09x10°% 1.49x10° 4.03x10°* 1.68x107 3.87x107° 5.75x10" 3.20x10°®* 3.31x1077

5}?}\% ADDj,y 2.96x10° 623x10° 1.68x10° 7.02x10° 1.61x10° 240x10° 1.34x10* 1.38x10°
5
Office staff ADDy,, 624x107 138x107 3.80x107 1.67x10° 1.12x10° 5.66x10° 3.12x107 4.25x10°

SADD 2.97x10* 6.25x107° 1.68x10* 7.04x10™* 1.73x107° 2.40x10° 1.34x10™* 1.38x10°

ADDyy, 2.67x10°% 8.07x107° 2.26x10* 1.92x107 4.06x10° 7.67x10" 1.90x10°®* 2.73x1077

Rk ADDj,, 1.11x107* 3.37x107 9.41x107° 7.99x10™ 1.69x107 3.20x107° 7.91x107 1.14x107
Undergraduate ADDy,, 2.56x107 7.79x107% 2.15x107 1.98x10°° 1.12x10°° 6.92x10° 1.85x107 3.84x10°°
SADD 1.12x107* 3.37x107° 9.43x107° 8.02x10™* 1.81x10° 3.21x10° 7.93x10”° 1.14x10°

ADDy;, 6.87x10° 1.18x107* 2.86x10* 5.11x107 4.10x10° 6.95x10" 2.37x10°®* 6.49x1077

ET ADD,,, 2.87x10% 491x10° 1.19x10% 2.13x107° 1.71x10° 2.90x10° 9.87x10° 2.71x10°
T b1
Shopst;ff ADDy,, 9.65x107 1.67x107 4.07%107 6.46x10° 1.66x10° 9.21x10° 3.30x107 1.00x10°

YADD 2.88x10* 4.93x107° 1.20x10™* 2.14x107° 1.88x107° 2.91x10° 9.91x107° 2.72x107?

ADD,;, 6.40x10° 1.38x10° 3.65x10° 1.94x107 3.97x10° 6.35%107 2.91x10° 3.42x10°
Eiﬁ’\ ADDy,, 2.67%10% 578x10° 1.52x10% 8.08x10% 1.66x10° 2.65x10° 121x10" 1.43x10°

I b1
Shopping mall Staff ADD,, 539x107 1.25%107 3.34x107 1.98x10° 1.15x10° 639x10° 2.76x107 4.42x10°°
TADD 2.68x107 5.79x10° 1.53x10™ 8.10x10% 1.77x10° 2.65x10° 1.22x107 143x10°
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ARV N A TR 4 Ji 1 R B R R IR AE— o 2 5% (K] 3). Wkl | B RRT 3 TR A B Xt
KA ESEN T ERBIFRNFESE N KR, X 3 AR FESN KA ESROREARS
3 FhIREE K2R 4 R S R R R A L E 2 R 73.0%. 59.4% F1 57.5%. Rl TAE A B Kb ih i 4 8 Y
FE R E N KAE, FIKAESRDREELER 71.9%. SR EAX KA T ESENE
PRI G & M EZE WK, WA LLEE AR, 53510 42.4% Fi1 43.1%.

Subway station staff Office staff

100

80

D

=]
=)
f=]

&
=]

Percentage/%
Percentage/%

&
f=]

20

353
=]

Ct Ni Cu Zn As Cd Pb Y;HM Cr  Ni Cu Zn As Cd Pb };HM

Undergraduate Shop staff
80 §

Percentage/%

Percentage/%

Ct Ni Cu Zn As Cd Pb Y;HM Ct Ni Cu Zn As Cd Pb },HM
Shopping mall staff

N\ \)

Y Outdoor
[ rLive
2 work

Percentage/%

Cr Ni Cu Zn As Cd Pb Y,HM

B3 AFEBE RS N IR CTAEAE 2] A ) Mg AP IR hoxd KA H 4 H B2 85 it 5 L
Fig.3 The percent of ADD of different occupations exposure to heavy metals in dust of indoor (working/studying, living) and

outdoor environments

23.2  AEBUE KN

5 R AT [F) 2 55 1542 1 HQ HHET 4 HQupe>HQuo>HQ,, (1 4). 7E 7 FhH 42 J& o, Cr J& Xt 3E
g RS 1 = 5Tk, Cr 9 HU(E AL & TR T R @ il 1—2 D 9. 5 Pl AR R T =N
B (TAE2E 2D A6 ) RN Z AR B8 K 2 i HL A A I A7 M4k T /R N B3 (2.24%107") >Fi Al T/E A B
(2.20x10™)>E S8 TAE A B2 (2.19x107) >f 45 TAE A 51 (2.06x107) >E #2542 (1.35%107) . Al I, 3 4
NIRRT, RO R 54 8 R R 1 AR E0E KBS YN 1, R T 5 FpILIL R
A B KU T 20 ATt Liu 590 RS8R0, A 11 N80 33 DI 02 K22 3 4 R 10 FE B0 X
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