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Pollution characteristics, long-term variation trend, and health risk assessment of lead in ambi-
ent PM,; in Jinan WANG Yan', GAO Yanxin', LI Renbo’, JIANG Yuanyuan®, SUI Shaofeng® (1. De-
partment of Public Health Surveillance and Evaluation, Shandong Center for Disease Control and
Prevention, Jinan, Shandong 250014, China; 2. Division of Health Risk Factors Monitoring and
Control, Shanghai Municipal Center for Disease Control and Prevention, Shanghai 200336, China)
Abstract:

[Background] A number of studies have shown that heavy metals in atmospheric PM, s have im-
pacts on human health, while studies on the impact of long-term and low-concentration exposure
to lead in PM, s on human health are limited.

[Objective] To investigate the pollution characteristics of lead in ambient PM, and assess its
chronic health risks.

[Methods] Daily PM, s concentration data in Jinan from 2014 to 2019 were collected, and the
year-by-year trend of PM, s concentration was analyzed. Licheng District (an industrial area) and
Shizhong District (a residential area) were elected to install an ambient PM, s monitoring station
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respectively. The sampling instrument was a 100 L-min”" high-flow PM, ; sampler, with a cumulative sampling time of 20-24 h per day, using
a quartz fiber filter membrane for lead detection and a glass fiber filter membrane for PM, s determination. The sampling frequency was
7 consecutive days per month from the 10" to the 16™ (A total of 493 d were sampled and some were missing; 172 d during the heating
period and 321 d during the non-heating period). Two PM, s samples were collected in one monitoring site each day. A total of 986 samples
were collected in one monitoring site. The lead content in PM, s samples was detected by inductively coupled plasma mass spectrometry.
The concentration of PM, ; was measured by weighing method. The annual average concentration and enrichment factor of lead in PM,,
the change trend of lead content per unit mass of PM,, and the difference between heating period and non-heating period from 2014
to 2019 were estimated. Technical guide for environment health risk assessment of chemical exposure (WS/T 777-2021) was used to assess
the health risks of exposure to lead in PM, ..

The average annual concentration of lead in PM, 5 ranged from 23.2 ng-m™~ to 154.7 ng-m™>. The average concentration in heating
period from 2015 to 2019 was higher than that in non-heating period, and the differences in 2015, 2017, and 2019 were statistically sig-
nificant (P <0.01 or 0.001). The enrichment factors ranged from 200 to 1342 in 2014 to 2019. The average enrichment factors in heating
period in 2015, 2017, and 2018 was higher than those in non-heating period, and the difference was statistically significant (P <0.05 or
0.001). The lead contents per unit mass of PM, s ranged from 493 ng:-mg ™" to 1944 ng-mg™", and the differences between heating period
and non-heating period in 2014, 2017, and 2018 were statistically significant (P <0.05 or 0.001). The average annual concentration and
enrichment factor of lead in PM, s showed a downward trend, and thus the lead content per unit mass of PM,; also decreased. From
2014 to 2019, the carcinogenic risk of lead in PM, in Jinan ranged from 1.69x10°® to 2.45x10°°, showing a significant downward trend
year by year, and the 95" percentile decreased by 3%-46% from the previous year. The carcinogenic risk level of lead was reduced to an
acceptable level ( < 1x10°) after 2017.

From 2015 to 2019, lead concentration and enrichment factor in PM, s increase during heating period compared with non-
heating period, but it is not completely consistent of lead content in PM, s per unit mass. From 2014 to 2016, exposure to lead in PM,
may elevate carcinogenic risk to human. After 2017, the carcinogenic risks of exposure to lead in PM, s are at an acceptable level.

atmospheric pollution; PM, s; lead; pollution characteristics; risk assessment

EREEASSRNEESREYZ—, PM,s BRI PM,; SBREBNTWEBHITHN, W HIEM BRI
WIRLR )N, ATAEEHAA G THRE, SRABE  #TXRITE, TRNERERNRDEEL, hARS
RELK. BRRAEREFIMECEAR, FEENERIBRBRE KR
PM,, EEEERENTE T PM,,, TIRF NI REEH
FEREFRAIN B ERENHAR LI, KRN T
2.1 um NFHIY), ENES BN EEKTEAR

4.7~10.0 um FRIYIRY 1.97 15, B ZHNAE TR
EMAE, SYARRREEE K,
ERBITEMELEETER PM,s WEBHM IS,
5 pPM,s SIEENFRBEMMNZTEXY, HELHR
BEEUEY), SRMETE PM, Lk, B M NIER N EIK
AU, SUARTER SR, N IR, S KEIR BT AR
BEFZMERA, UMM RN S REFENDLIZEN
BERKLE, 5IRIEHS, EESHIEE,
PM, FHRB BRI AR REKBARE, EIxT
PM, s RERBYEEE X I AEE ", BT EHIER
|[H B UG#HTEE TN, RUNBIRE &R R IB R R &REA,
MRS AS BB REE G RA TR ™E/E",
ERER. EEfr M=MEm A RNEXARZER
FE—FENIRD Y, XFASHHSREHT
HEBMITERRVIRER L, HTRNTETEM
KSR PM,s FERBIFREN KT BT SREHE
TESY NBHR RN, RARIDEERFETAS

FTE™ 2014—2019 FEH PM,; BiE2RE(FHR
AKE) BURR B T RE. 5, mEFEFmm RO
KNEFETWEFX(BEX)MEFX(FHX) A
PM, B AT BRIEEFEBIIERSN
PM, s RAFBIRM, B NERE AN SAL, PM,;
R IGE RIS E TR FERTNE B ME 10~15 m. F
2014—2019 &, &N B 10—16 H X ##(2014 F£HRk
10 d, 2018 FFEREK 1d, TERAF 493 d; ELARREEHA 172 d,
IERBEHA 321 d) . NSNS EXFERRE 2 B M,
BRI IB LT 4B FE (Whatman, 32 [E) 1A L4
TEEREEE, BFNE PM,s REM PM, FERBVRE;
HREX 986 1. RIFRIADMKF(18FE, =
E) MEIERE, KRN TH-150F BURE PMm,  RiE
BREON KL, RE), REFEREN 100 Lmin", BRE
TR KN 20~24 ho REGWIFIBL L IRRE R
ME, ICRIEIEMNILE, RIBREARITESH PV,
HIRE

www.jeom.org


www.jeom.org

#445-5723: &% | Journal of Environmental and Occupational Medicine | 2023, 40(7) 813

1.2 PM,; REREVNIE

BUE SR RTHEITEE, ¥RE, AEES JTI5H, K
A 15 mL B.0\& (BD Falcon, E[E) 36, M 5%HNO,
10 mL, FEOE 70 °C K ABAEIRIE 3 h, EE O
EREER, AERKELOEBRNRRE OM(3234xg,
Centrifuge 5804, Eppendorf, fZ[E) &) 5 min, BXH £
AR, XABRBEES FAERIEMNCP/MS,
ICAP-QC model, Thermo Fisher Scientific, = &) I E 1F
M RPBEETTR. RAHBNARESR(1000 pg-mL™,
hE 2R F iR EYIFR GBW08619) BL B T /EH &
HKEE, £/ 1cP/Ms KORME XTI B, fRERRERTI.
HoMREER. BiVEHSEHERTHARE,
RIBASEERRITEEBHAS PV, FHKRE, 8
{IRE PM,; FERIKTR PM, FERERRLL PM, iR
E. SINAMF, B EESE Y RE SN E MR
B B30 43 B H A O S 22 EE A AR
1.3 HREEFEF

E & A F(enrichment factor, EF) B §SAKRHHE
MITRERTHERBEEN TENETERE, /T H
BIIRIE N RPN EM TR REBRABRER AR,
EF=240, R NZTTEREEEZERR, TERBANR,
EF B9 B RTLAEF = (C/Cret)/(C,/Cret)s Cc 7T PM, s F
MARATENRERE, .o I PM,s PBLLTTERE
KE, ¢, IHIFEFRARTERERE, C,. SJIFEFS
bt ERERED L ERB(A)TEASLETE,
TREAEEXRAFEHIIENTEEEE,
1.4 {BENPEITFH

RIE WS/T 777—2021 { (L EYI IR IR 2 BR X P 3
5H385) 1T PM, s PERBIEUREXU R,

B XA CRRIE, 1T E 2 JICR = LADD,,x
IUR x CF, E A LADD,, = (C x EF X ED X ET)/LTo LADD,,,
BEMNERHFNAANUEYRHEE HFHR
E(mgm?); c BESHPUFYRIRE(mgm™); EF
BEEIE(d-F) ; ED 2REEH F, £ 30 F) ;
ET @R BE(hd™, AR H24 hd ™) ; LTREAER
BEBF8I(h, Z<FF3T 4 613200 h), CR BREEX.[E; CF
TBEEAF, BEUE 1000 ugmg™’; IUR 25 W N =
B XIBS A F, BUE 1.2x107°(pg-m™) ", CR< 1x10°%,
S| B E A PR ERME ; 1x10°<CR < 1x107%, B FEE X
b, CR=1x107", 5|EERIEBE MR o
1.5 BUBRWESSHITSIR

KA SPSS 20.0 93 #7#435E, Graphpad prism 8 il 7E
St B, JERBHAFIEIN PM, FHRKRE. BE

K F. BAIFRE PM,, PR FEFBUEX LR A
JESEX Mann-Whitney 1038 ; 1050 7K a=0.05, XXM

5,

2 #R
2.1 PM, REZKEE

2014—2019 5, PM, s FIFRE N 52.1~92.1 ug'm™>,
TLE 1, I#BH GB 3095—2012 (IF BT S REATE)
1 PM, s EFIKRERE(35 ugm™) o ER—FE, X
BE HA 1Y R E(74.6~118.5 pg-m ) ¥ = F IE R BB HA
(40.9~79.1 pg-m™) o 2014—2018 £, PM, . FIIET—
FES E—FEAEL, 9B T, 8 2019 F Pm,, F
BIELL 2018 £F 5, 2014 F£H 57.8%M K EEBIL T
BI9RER{E(75 ugm™); 2014—2018 &, BIR K%K
EbBIZ T, 2018 FFHBARKREREL BRI, 79 17.3%.

150

1
—

1]

w U

PM, , FRESRE/ (ng'm™)
v O

2014 2015 2016 2017 2018 2019
F-3

GE] 4L GB 3095—2012 (R IBE SR EFFA) FH PM, 5 FFIHR
ERR{E(35 pgm™)o
1 5™ 2014—2019 £ PM, s iRET{LiE%

Figure 1 The variation trend of PM, s concentration in Jinan from
2014 to 2019
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