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ZHAG’Mmg sheng' > REN Lishong' * , LI Gang LIU Ya; m ZHA@ Gﬁng , ZHANG Jia-hao' , GAO Yuan-guan' , YANG Xiao-yang'

(1. State Key Laboratbrv of | Environmental Criteria and Risk Assessmenl Chl-nese Research Academy of Environmental Sciences, Beijing 100012, China; 2. School of
Petrochemigal Engineering, Lanzhou University of Technology , Lanzhou 730050, China; 3. School of Mining Engineering, North China University of Science and Technology,
Tangshan 063210, China)

Abstract; PM, ; filter samples were collected in Tianjin and Qingdao from December 18, 2018 to January 22, 2019. The mass concentrations of 18 elements (Na, Mg, Al
K, Ca, V, Cr, Mn, Fe, Ni, Cu, Zn, As, Se, Mo, Cd, Ba, and Pb) were determined using inductively coupled plasma mass spectrometry (ICP-MS). The enrichment
factor was used to discuss the enrichment degree in PM, 5. The ecological risk and health risk of heavy metals in PM, 5 were evaluated. The results showed that the average
concentrations of PM, 5 in Tianjin and Qingdao were(93.6 +53.5) wg-m > and (85.5 £60.3) pg-m >, respectively. Zn had the highest concentration among the trace
elements. The enrichment factor resulis showed that the Se, Cd, Zn, Pb, Mo, Cu, and As elements were highly enriched and polluted, which were mainly affected by
anthropogenic activities. The potential ecological risk indexes of heavy metals in Tianjin were as follows; Cd >Mo>Se >Pb > As > Cu>Zn>Ni > Cr > V; in Qingdao, the
order was Cd >Se >Mo >As>Pb >Zn>Cu>Ni>Cr>V. Cd contributed most to the ecological risk, with 67% and 86%, respectively, in Tianjin and Qingdao, indicating
an extremely strong risk level. The health risk assessment showed that oral and manual ingestion was the main exposure route causing non-carcinogenic and carcinogenic risks,
and both the non-carcinogenic and carcinogenic risks in children were higher than those in adults. The comprehensive non-carcinogenic risk (HI) values of heavy metals in
Tianjin and Qingdao were 5. 38 and 5. 40 for children and 1. 04 and 1. 02 for adults, with both higher than 1. This indicated that both adults and children had obvious non-
carcinogenic risks, and As and P posed the highest non-carcinogenic risks. The order of carcinogenic risk (CR) of heavy metals was As > Cr>Ph. As posed carcinogenic
risk in children in Tianjin and Qingdao, and Cr and Pb had potential carcinogenic risk.

Key words: PM, ; heavy metals; enrichment factor; ecological risk; health risk assessment
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Table 2 Definitions and values of calculated parameters for health risk assessment of heavy metals
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