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Urban-scale simulation of atmospheric-soil cross-media transport and potential
cumulative impacts of heavy metals from the iron and steel industry: A case
study of Wu’an City, Hebei Province, China
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Abstract: Under conditions of iron and steel industry clustering, heavy metals are released into the environment through atmospheric emissions and
progressively accumulate in soils. Their spatial distribution characteristics and long-term effects are critically important for regional environmental risk
assessment. In this study, Wu’an City, Hebei Province, a representative steel-producing city, was selected as a case study. The CALPUFF model was
employed to comprehensively simulate and examine the atmospheric transport, dispersion, and deposition behavior of heavy metals across the air - soil
interface at the urban scale, thereby revealing the spatial patterns and high-value zones of potential relative cumulative deposition loads of soil heavy

metals. The results showed that the annual potential deposition flux of soil heavy metals ranged from 0.31756 to 448.80 ng*m™-s"

, with high-value
zones primarily located near industrial enterprises and gradually decreasing with increasing distance. When the operational duration of the iron and steel
enterprises was considered, the high-value zones of potential relative cumulative deposition load remained mainly concentrated in areas with dense iron
and steel enterprises and adjacent regions. The spatial distribution pattern was jointly influenced by the dominant wind direction and topographic
variations. These results delineate priority regions for soil environmental management in Wu’ an and provide technical support and decision-making
guidance for improving soil heavy metal sampling design and monitoring strategies at the urban scale.
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1 3|5 (Introduction)
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2 #RI5 A% (Materials and methods)
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Fig.1  Simulation domain and distribution of iron and steel enterprises
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3 R 538 (Results and discussion)
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Fig.2  Spatial distribution of annual potential deposition flux of soil heavy metals in a typical steelmaking city
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B3 EToWEEREfaRmgET T ES SR EERN RRIE AR E (a.1985, b.1998, 2011, d.2024)
Fig.3 Spatial distribution of potential relative cumulative deposition load of soil heavy metals in a typical steelmaking city based on enterprise
operating time (.1985, b.1998, ¢.2011, d. 2024)
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Fig.4 Wind rose map of study area(a) and topographic map of the simulation domain elevation(b)
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