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Personal PM, 5 exposure and the health risk assessment of metal
elements in different occupational populations of Jinan

ZHANG Yue SUN Lei ™ ZHU Chuanyong ZHANG Yiging JIA Qingqing
LI Zhisheng FAN Running LYU Xiangyu

(School of Environmental Science and Engineering, Qilu University of Technology (Shandong Academy of Sciences), Jinan,
250353, China)

Abstract Personal exposure to PM, 5 and health risk assessment of metal elements in different
occupational populations were investigated in the spring and summer in Jinan by using a portable
monitor and a PM,s; sampler. The undergraduate student, foundryman, restaurant chefs are
represented as indoor workers. Bus driver, sanitation worker and school security staff are represented

as outdoor workers. We found that the exposure levels of particulate matters showed different
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occupational characteristics. The averaged PM,s; exposure concentrations of bus drivers and
sanitation workers reached 87.7 pug'm™ and 79.5 pg-m?>. The PM, s concentration showed an
instantaneous peak in different microenvironments. The PM, 5 exposure concentration is generally
higher than the data released from air quality monitoring stations. The concentration and proportion
of 15 elements of PM, 5 in different microenvironments showed slightly different characteristics. in
addition to the four types of constant elements (Ca, Al, Mg and Fe), trace elements of Zn, Mn, Cu
account for a relatively high proportion. The concentration of Cd exceeded the standard limits in GB
3095—2012 Ambient Air Quality Standard. The enrichment factor analysis showed that Cd, Cu, Zn,
Pb, Cr, Ni, Sn and Sb of different microenvironment mainly came from natural sources. However As,
Mg, Ca and Mn were affected by both anthropogenic and natural sources. The health risks
assessment showed that the non-carcinogenic risk of Cr is the highest among all elements. We should
pay more attention on the non-carcinogenic risk of sanitation workers and the carcinogenic risks of
students and security staff. This study is helpful for scientific assessment of particulate matter
exposure levels and heavy metal health risks in different occupational populations, and provides
certain theoretical basis for scientific prevention and particulate matter pollution control.

Keywords PM, s, personal exposure levels, metal elements, health risks assessment, Jinan.
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T 6 IR KA AR L TR IR S A . Tz A TAEA G S LT AR, A% 4w
PUBFIASE. 6 RBEIRTR 58 T = NS AHE, IF H 53858 A B S B G, 7E KA L BT TAE A B
KRR AT T RIG X, 1 BT AN SR ERNIESEF EZEPEFETIRX, T T AERE
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Table 1 Parameter of personal exposure formula

v X FREE R/
1L \i&:
)\Eﬁ‘?/ﬁg ) REE(da) BT a ﬁiﬁ/k'g Average exposure time
Population/ . Body weight T~ -
. . Exposure factors Exposure duration i E[EYe
microenvironment Male/Female . . . .
Carcmogemc Non-carcmogenlc

2 265 4 69/57 70%365 30%365
Bl T 365 30 69/57 70%365 30x365
HIOTA 365 30 69/57 70365 30%365
[FS73 365 30 69/57 70%365 30%365
®IT 365 30 69/57 70%x365 30x365

(2) JE 8o AU KU T
4 JE U 2R 2 1R ) AR B AU AR AU UL A (3) F#1(4):
HQ = ADD/RD (3)

ILCR = LADD x SF (4)
A, HQ b — oo & 9 3 8o KUK, 24 HQ<1.0 A, 3% 7~ 3F 209 KU B AKX, 7T DL Zms AN it 24
HQ>1.0 i, I W AEAEAR AR, T 25 E M. RID N K S % R i, mgkg'd" ILCR N —TTRA
B BUE AL, FR AR AE & AR . ILCR A T 10°—107* Z [a] i, TA A HAFFE — & B KU ;
ILCR>10"* B}, A Ay Hi 5 | 5E J AiE iY XU %52 155 . SF(Slope factor) A 20 #F R K, kg-d-mg ™. SF } RfD ¥
SHIUES % 52 E EPA I E NASFEIIFFT 45 500 ), 3% 2.

%2 4JBIT#E SF I RID BUA
Table 2 SF and RfD values of selected metal elements

JCZEElement i Characteristic FHRAF/( kg-d-mg ")Slope factor K S H5K/( mg-kg '-d ")Reference dose
Cu 80 4.02x107
Zn eS¢ 3.00x10™"
Pb =3¢ 3.50x10°
Mn AE80E 1.4x10°°
Cr s 42 3.00x10°
Ni ES ¢l 1.19 5.00x107
cd i 8.4 1.00x10™*
As i 15.1 3.00x107*

Co o 32 3.00x10™
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2 LEEL5E (Results and discussion)
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) (GB3095—2012) H1 PM, 5 1) 24 h 74 B — RARME(E 75 pg-m>. PM, o W22 (E N 2 S & An
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A AHE PM, o 22 887K -5 PM, 5 ZR B8 K FAN[F], AN ZE I AL T 1 5K 28 ST i — b ik vk B BR A,
K] 217.4 pgom”, FARAT M AR U B 2 R R bR, G A 88 Wk BT O AR 22 (135.0 pgem™) S48 T 51 T
(1313 pgm®)>H BT A(128.8 pg-m ) > (108.6 pg'm ) > 15 T T A (95.9 pgrm ™). 7] I, RIEAFl
WOk ) 2 8 K V22 S, o A S AR Z 21 PMy s 5 PM o V5 Yo e i, T 234 | IR BT I
THEAR T 3Z B0 PM, 5 V5 Y5552, i) TN 524252 8110 PM o 15 Y5058 A 28 22 w132 3] 1) JUkE
YRS, AR R ST AR ILEE, & FAuat . e RS> 0 AR5 A =
Ba WO ) B 8K 22 SN, 5 R AREE | AT RAS KT LI 45 SR AR T, I TR A A e AL T
LI Y 224 | 28 N A L35 i A b BT~ 90, A [+ i, DX A0 47 22 5 /KT R I 22 5 B T 3P A A TR R
Y2 R K- TR M. A B R 2 T R AT R URL ) 2 55 KT, A R Rk 2 110 2 4 O 4 %
NN b Al

R 3 AFEATIARE PM, s £l PM,, BB R E W (ug'm™)

Table 3 Personal exposure of PM, s and PM,, concentrations in different occupational populations(pg-m™*)

PM, 5 PM;o

AR B/ME Bk P P FME B P P
Population Minimum Maximum Median Mean Minimum Maximum Median Mean
& 22.0 139.3 39.0 46.6 46.1 886.1 73.9 108.6
Wi T 30.6 155.8 52.0 512 61.5 3525 88.7 95.9
BITHT 36.3 176.7 51.6 4.0 71.7 579.1 118.0 131.3
3 324 158.1 41.2 45.7 96.5 507.8 121.2 135.0
HOTA 17.6 165.5 67.2 79.5 31.0 358.7 147.1 128.8
AR 33.6 527.8 87.1 87.7 59.1 600.6 209.1 217.4

2.1.2  'BURLY) % R v B N R) AR AL RRE

SRAE IR A [R1 A Ml AR UKL ) 2 i Tk B 1) H AR RRAE DL BT 1. K244 24 h NI PM, s 5 PM o 2268
W AR AL S 3, b R B B R TR AR AR AR S AR I B, R R VR WD T, MR AR L
PM, o I B V4 J32 5L 22 753K 886 ug'm . Ak, A TR E IR (8:30—10:00) 52 F) (1 FURL YY) 7% 58 /K F
(PM, 5 62.7 pg'm > PM;, 148.2 pg-m™) BI85 FAE G A LRI ZE A > (10:10—12:00) 32 F| 1 0k
FR M (PMys 39.5 pgrm s PMy 64.9 pg-m™), Bt W A HE 25 48 B Xof A AR UK ) 2 6% 1t A3 — 8 2 il T )
Ak B T AL T 2R A AR AR 3 B X R R AR 6, DR A s R ELBHE ¥ YRR 22, 15 e vk
JE — BACTE R R KOE B2 BN R A Ak, o PM s B IRV BE o 54 pgom®, i AT A 3 137 pgrms
PM, o S A B g 134 pgem™, S W EE A B T 326.2 pgrm .l TR A A I ) O [ , 000 3has
Gy HL, T B B — A L B R L R AR B AR BRI T, SR A R AR B A R L B
Bl H T 22 3] ) 0 A7) 2 R TR A



9 # % H 45 B AR PM, 5 5258 7K B 4 T8 o0 25 {a B XU P4 2967

— PM;5 — PMj, A& PM,y/PM, sratio
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Fig.1 Diurnal variations of personal PM, 5 exposure levels in different occupational populations
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WK

XF L PMyg 5 PM, 5 LLIE AT UL, 6 28 ABE PM o 28 58 MR 2 J2: PM, 5 ZRER MR BE 119 2.0 £ 2245, Jed st ] (1Y)
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2.1.3 oo g g K5 Wl E e ko L

W ST B B P, A [RAT b B X 7 18 B 3T 25 0 o W D sy ek %9 R ) Ak B 580 UL BT 2. PML, 5 T
PM, o ZBALAFAE 5 5] 1 JR IR B AN [R] A FFSURL ) 7% 58 Wk B 4R A S 2 AN [R]. DA 26 Ry 48], OO A ol A iy H
¥ PM, 5 F1 PMyo 73024 40.1 pg-m™ 1 96.1 pg-m>, WA T2 AL BRI 19 SR R B2 2 (H H 2B (L FRRAE
THESEE, FERRAE AR, UHE T REBR TS X0 R, L PM, 5 5 PM ) B ER R
F I, 12:00—18:00 BB, 224 PM, 5 55 PM V-3 28 85 W 439018 70.7 pg-m™ A1 183.7 pgrm™, I /5
T W s 5] s B Y PM, 5 ¥ (47.0 pg-m ™) Fl PM, o ¥R B2 (100.1 pg-m™) 5 1M 78 7 [B] AR EL RS, J0kr 47 7% 5%
SR YE R TE BN 2K T, 0:00—6:00 BBt 14, 2% 2E PM, s 22 B2 W B0 33.5 pg'm ™, PM, B R A
65.3 pgm>, B W AKX T WS 00 5 R BT B P9 Y R 4 Wk B2 ( PM,s 39.2 pug'm; PMp 92.8 pgrm™) .
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Fig.2 Diurnal variations of PM, 5, PM; and the ratio of PM,/PM, 5 at air quality monitoring stations near the

microenvironment of different occupational populations
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IR AT B, B AR 0 s T A O 285 £ SR BB v M 1Y) S WA B s A R A O, (HR X
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22 AREATIARE PM, s H4: B IR

R itt—2WFFEANFAT AL AR B AU 4 2 85 7K T, AR GE T XA TR T b R e b S5 T i 1 A
i R RAE, IR ICP-MS #1477 PM, s P &R JC R 40 B A S e B A 1 . T 22 08) L 39l
T ARSI R RE s, R e L T R DTN A% 4 2 NBERY £ 2 PR B
J6F 55 J5 65 55 08 22 R mI ML T TAEPE BURRIER, A 5T A UEA 7 BERE 50 A SR AR LA, AR 9T i 7 J A
MIETHEAT T REACRAE, AT MRRAS R T Ml AHE R T AR ] i FURE R

% 4 G HCRFEIA IR RIS T PM, s & BT R B B . (3% 4 v AL BRI 5, 15 F &8
TCEAE 5 IR T B9k B 22 R K, Hir Ca, Al Mg, Fe Y 4 Fhi & J@ e & 5 s, & a2
JLE MY 98.3%, I H 7 L3k Ca>Al>Mg>Fe. Hr & JE T R IR IE N LK, BLAEA RS R —
FE 22 5. D AR fE i O ), 11 FOR B 4 8 JT 3R o H R/NIBUF AR IR Zn>Cu>Cr>Ni>Mn>Pb>Sn>As>
Cd>Sb>Co, 1M #5384 AR 0 & K/INIF I A Zn>Mn>Cr>Pb>Ni>Cu>Sb>Sn>As>Cd>Co. 11 FfJE &
JTLERET, A ST Zn TR K] 47%; #5155 ZE R, Zn TR FI Mn IR i H 4R 38% F
28%. ANFIAEE N, TR WA — & 22 57 M TIRT A E VLS SRR £, 4 8 70 R Wk B AR5
. 5 E AR T A AR b, ABESE T &R s R W 5 R A e i IX (b aT . R 4R T R ik
JEREUT SO BRI, AN RGOREE T (0 4 s s Rk K- 5 N E SRS e B 4230, (HR 4y e R
I 3 [ 25 AR AR IE (GB3095—2012) K WHO R il v BEBRAE. 4N Cd JTT R AE 1 &, #51& ) 400, 1
H, F AR TR K AE % T 00045 19 ~F 33 %k B2 40 1 o 1.9, 1.00 0.6, 1.1, 0.9 ngm”, ¥ & T
GB3095—2012 ¥ JERRE (5 ng'm™). 1] Cr, Mn il Pb JC R W JE AR, Kl WHO L2 Al ik 5 PR .

R4 AR AR TAEREL PM, 5 HE S B 410 EE CF I EEPREZE; ng'm™)
Table 4 Concentrations of metal element components of PM, s in different microenvironment of different occupational
populations (mean+standard deviation; ng-m™~)

JG#HElement 2417 Student dormitory  #%3&) Foundry  IXTi{ii& Urban street 224K ISchool gate 5% /T Living room

Fe 12934563 2968+2389 53614+5105 355343491 1876+2060
Al 3864+1207 2839+1434 1111948720 6666+5344 477342959
Ca 8507+2818 6131£2330 19557+13789 11632+7256 10019+5337
Mg 4119+1225 2784+855 8377+5944 4137+2111 4578+£1682
Cu 56.9+105 12.4£6.6 19.2+12.5 15.7+£8.4 11.1£6.7
Zn 1954239 120+61.9 179+116 141+£34.9 118+40.3
Pb 22.0£23.5 27.6£17.2 31.5+24.4 26.3£7.6 20.6+9.2
Mn 34.8+7.4 88.84+55.2 141£116 100+83.4 55.7+49.4
Cr 51.5+4.1 29.3+9.4 186£175 38.4+13.0 61.3+£19.3
Ni 44.0+£37.0 21.1+15.9 37.6+36.2 21.7£10.8 22.9+12.9
Sn 4.4+0.8 4.2+1.9 7.245.4 4.8+2.0 4.6+0.8
Sb 1.6+0.4 5.6+0.9 3.0+1.8 2.4+1.1 1.8+0.8
Cd 1.9+1.1 1.0+0.7 0.6+0.7 1.1£0.4 0.9+0.8
As 2.7+0.7 3.842.4 5.442.9 4.8+1.9 3.8+1.1
Co 0.7+0.3 0.6+0.4 2.142.0 1.5+1.4 0.7+0.8

R XF A [ OB T 45 F0 42 J8 Jn R R IR 22 55, ARWFSE A & B2 R 71650 4 @ o ROk TR b 17 1)
W, Gn&l 4 Fr7s. AR 3 BF A BIFRME, Cd JCE M EF>100, N HETCE, HIESAmam ) 4\
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EF AR KT 10, Wik M E8 2 A R RIEAISEI. As, Mg, Ca, Mn TEJE THEFETER, 2 A
Sk SRR R R 3% B H AR VR A2 T Co JGER LA S C2E A 1 Ay i ) Fe J0 % BF<1, BiWIH R 22 5] { 4R
TR SZ I AR, Al —Jo 2R M & 2 K mg A7 22 5% H i Mg, Ca. Cu. Ni., Zn Fl Cd JCERFE#E
T f h Y B SRR L T A RO ES, X — IR R, AR Ema RN EEY I Z —, (Hl
Tz N AR A, 55 AR R 2 AR B A 16 D 545 57, SRl AZ R EE A B o R, L, 41 4
() 4 R w AR A A . T 428 H Y Fe, Mn, Pb 1 Sn JC 2 5 42 2 A HUA MOA B 40 s, %6
BT A = s B b S AN 1 4 SR T R E A NS SR 2 T, AE0E — 8 VAR AU
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Fig.4 Enrichment factors (Efs) of PM, 5 metal elements in different microenvironments
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Table 5 Non-carcinogenic risks and carcinogenic risks of toxic metal elements to people in different occupational populations

JHE Male 21 Female
T PIES HETA HETA
Health risks Element #Hi& LA Sanitation 2% L BT Sanitation b2 L
Foundryman Security staff Student Foundryman Security staff Student

worker worker

Cu 6.3x10 8.1x10™* 7.2x10%  8.2x10*  5.6x107* 7.3%10* 6.4x10*  7.3x10*

Zn 4.8x107° 7.0x107° 5.6x107 8.9x107° 4.3x107° 6.3x107° 5.0x107° 8.0x107°
Pb 1.2x107 1.3x107° 1.2x107 1.3x107 1.1x107 1.2x107 1.0x107 1.2x107
Mn 3.6x107 5.5x107 4.1x107 3.7x1072 3.3x107 5.0x107 3.7x107? 3.4x107
gk XU
le?ﬁ-lEJXL[K% . Cr 0.15 0.72 0.18 0.42 0.13 0.65 0.16 0.37
Non-carcinogenic risks
Ni 6.9x107° 10.6x107° 7.1x10°° 9.8x107° 6.2x107° 9.5x107° 6.4x107° 8.8x107°
Cd 1.3x1072 1.2x107 1.3x1072 0.3x107 1.1x107 1.1x1072 1.1x107 1.9x107
As 5.2x107 5.8x107° 5.6x107 2.7x107 4.7x107 5.2x107 5.1x107° 2.4x107°

Co 4.0x107° 4.6x107 44x10°  0.5x10°° 3.6x107° 4.1x107° 3.9x10°  0.5%x107°

Cr 2.0x107° 8.3x10™° 2.0x10*  2.2x10* 1.8x107° 7.5%x10°° 1.8x10*  2.0x10™*

Ni  49x107  8.1x10°* 1.9x10°  2.5x10°  43x107  7.3x10°F 1.7x10°  22x10°

. . Cd 1.5%x1077 2.6x10°* 6.2x107  7.9x107 1.3x1077 2.3x10°* 5.6x107  7.1x107
carcinogenic risks

As 3.7x1077 2.0x107 47x10°¢  53x10°  3.4x107 1.8x107 42x10°%  4.7x10°
Co 2.1x1077 7.7%10°® 1.8x10°¢  2.1x10°° 1.8x1077 6.9x10°* 1.6x10°° 1.9x10°¢
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IIATE R RS AN TRAT AL A A e A EUE XU HQ /N T 1, R W AR B XU T 2
W FEFTA TR T, Cr AR S0 XS BT T 1, 2 Fr Al 2R vh s 19, 2 B H AR B0 KU i,
e 2 R H AL 75 4 AR, PRI A2 2 A9 AR E0R XS 1, Pb, M, Cr, Ni, As PL K Co Y
BOE ARG 1 s T H A ARE, T2 AR BEAA R Cu, Zn F1Pb JT R A AR 08 KR e . 4 28 AHES PERER 2
) ) f BRESE I 14 15 T Aok X T BUR B J LR E B8, Cr M X T-0R 2 A2 2E B0 XU BB R T 1x107,
HURE RS BR. X T4 8] T AR TR EAT — € A9 208 AU NiL As Fl Co JUR BN R4 MI“2 28
HAT— 7 A0 AU, 0 42 18] T ARIER TS B 30 KU, 25 BRI, 4 2R ABER, 271 4 28
R I sz 2 A B0 KU e i, Al UL, 22 A 1 5 M SRE IR I B0 P B i e 2 g DS R G T AL T
A IR DA TR N A B DX , A B9F 5 J 7 00 o < Ja XU, B v 0, BT A 2, AP UR T T
2021 AFFEFMEF A FHIAEE T PM, s H 46 8 70 38 e 2 HEAT 4 B XURS: R A, HAT BOR B9 AN 2
P A 5E PR IR 2 24T PM, s BAT RO WL A9 245 55 45 Pr AR AR AL, 300 B LI 235 SR DPAfy 9 £ B
DR R B3 4 3 552 B it B RS B A AR KA T 5 AT 52 AN DA <6 i 0 3R MR 2 A JEE DA T (@R XL, TC ik 42
ARG SR TR A SEH , R RE 2R A 5 Jm T 3R A FE XU . (H AT 5 0 BIE S AN [RIA7 Mk A AR BU0RE ) 2% 2
KV LA RS A2 3t T )2 BT S RS T AT RIS T k. D SR MDA A 25 B JE DT 3R B B
IR, 5 B — 2 TR AL K A 5T

3 458 (Conclusion)

(1) SRBEIIEL, R R ALAEE PMy 5 558 W BEIRUT 2 58 4 AU LSR T T A St T A>3 >
ST BT, HovP A S 7 AL B T T AR A A T 5 — Gbo; PM o SR BV BN {2 >
F 5 T30 T TS > T TN, Bk Mt PR 5 — b R )4 AT TR ) B 58 /K- F s
AR S L 1T L 25 ) T AR IORC Y SR B VK B 5 44 17 L 3 3 S0 5 23 50 T A ) ]
LB ANEREE N, 6B s S T 2 2 IR 1 v TR0 ) B

(2) R ATl AT SR 52 55 K 3 25 5 0 555 0 00 0 P 0K 0 v G o e ) % )
TAE TAER T ) PM, 5 15 PM g 585K TR 22 502 ST R MM 10 1.7 F86 0 2.1 £, % LR — B[] AL
85 0SSO0 N LR B 2 BI85 o S 3l AT O 4 2 5 G 3 ) 2 5 W vk
FE, I LA T A5 25 TP g S I I W0 S L0 9 5 e — L L

(3)5 ORI BERES T, PMy s 42 70 2 VR BB, L5 16 9 FUAOR T F o 2 AR . (L334 T 4
TG 85 T 2 A B WHO B RO B R 5 R I T 0T, Cd W T ST 2, JLoh e
S i 5 T RS, FE IR K. T Cu. Zn, Pb S8 KR Trh s R T, 23 A5 A
H USRI, 4 R RORBE HA, 2 e 2 Pl 4 I8 0 28 B SR 3 T LA PR

(4) R [R5 PM, 5 o T 40 J AR 508 AR 1T B2 W 8L Cr 9k 5508 KU B3 T 1.Cr o T2
T2 AR 0 B0 SR L B 8 %0 72 ) T AR 0T A L LA — 5 S0 UK , 17 2431 J2 % T 0. N
As Fil Co TEZ MR A2 A BLAT — 2 (R S0RUR . S PRI 3, BF LT AT A S0 KB K, 452
o 52 B BB ARG TR, 37555 2 65 T

(5) IR AR W 90 0 (0 R 5 PR B2 A i, vk T4 SR T4 L 2 3
I RIRAA, TG Y T IOR  A VA BRE  5 DAL, 75 S AT RS 20 P B R0, %R 7/ e
HETT S BRLER 0 SR K T VA . AT S 0 TR AR W), R IR Al A B 19 7 22 5 1 T 42 75 e LA —
T2 R, TR G B HE RN, 355 AT A A .
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