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ABSTRACT g

Heavy metal transport from the so ortant pathway for pollutant entry into surface water resources. This
study investigated the effects of all intensity, and duration on the concentration and load of lead (Pb) and cadmium
(Cd) and their re i ediment in the Kuhdasht watershed, Lorestan Province, Iran. Treatments included three
land uses (agriculture, t rest), three rainfall intensities (50, 70, and 90 mm h™!), and three durations (5, 10, and 15

concentrationSek
concentrations

sured, and metal loads were calculated. Land use and rainfall intensity significantly affected the
metals, with different interaction patterns. Mean Cd and Pb loads in forest land were 5.60 and 2.79
mg m 2, respectiv eding those in rangeland and agricultural land (p < 0.05). The highest Cd (9.97 mg m™) and Pb (4.07 mg
m2) loads occurred r forest land use at 90 mm h™'. Both metal loads increased with rainfall intensity and were positively
correlated with runoff volume and sediment yield. Rainfall intensity and land use affected Pb and Cd transport, and evaluating
transported loads alongside concentrations provided a better assessment of metal loss from the soil surface. From a management
perspective, runoff and erosion control, vegetation cover maintenance, and buffer strips, particularly under high-intensity rainfall, can
reduce Pb and Cd transport to surface waters.

KeyWOl’dS: Heavy metals, Rainfall simulator, Transport load, Water pollution

EXTENDED ABSTRACT
Introduction and Goal
The transport of heavy metals from soil surfaces by runoff is an important pathway for the transfer of contaminants to surface
water resources. Lead (Pb) and cadmium (Cd) are among the environmentally important heavy metals because of their toxicity,
persistence, and potential accumulation in soils and aquatic ecosystems. During rainfall events, these elements can be transported



from soil surfaces through runoff and erosion processes. Rainfall intensity and duration influence runoff generation, soil detachment,
and sediment transport, while land use affects these processes through differences in vegetation cover, soil surface conditions,
infiltration, and land management. Therefore, understanding the combined effects of land use and rainfall characteristics is important
for evaluating heavy metal transport from soil surfaces. Although many studies have evaluated heavy metal concentrations in runoff,
concentration alone does not indicate the total amount of metal removed from the soil surface. Metal load, calculated from
concentration and runoff volume, provides a more direct measure of the amount of contaminant transported from a given area.
Accordingly, this study aimed to investigate the effects of land use, rainfall intensity, rainfall duration, and their interactions on Pb
and Cd concentrations and loads in runoff and to determine their relationships with runoff volume and sediment yield in the
Kuhdasht watershed, Lorestan Province, Iran.
Materials and Methods
The study was conducted using a portable rainfall simulator under controlled experimental conditions. The experiment included
three land uses (agricultural land, rangeland, and forest), three rainfall intensities (50, 70, and 90 mm h™), and three rainfall durations
(5, 10, and 15 min), with three replications. In total, 81 rainfall simulation experiments were conducted. Runoff was collected at the
end of each experiment, and its volume was determined. Sediment transported by runoff was also collected and quantified. Runoff
samples were analyzed for Pb and Cd concentrations using atomic absorption spectrometry. Metal loads w Iculated from their
concentrations and runoff volume and expressed per unit area. The data were analyzed using analysis of va in SAS 9.4, and
treatment means were compared using Tukey's test at the 5% probability level. Pearson correlation i
relationships between Pb and Cd loads, runoff volume, and sediment yield.
Results and Discussion
%Iy significant (R?
tRNEvariation in runoff.
(R2=0.9619).
though the patterns of

The results showed that land use, rainfall intensity, and rainfall duration
Mean runoff volume increased from 66.96 mL at 50 mm h™' to 183.59 and 297%
runoff volumes at 5, 10, and 15 min were 128.70, 181.81, and 237.78 mL, respectiv
= 0.8996), indicating that the experimental factors and their interactions explained
Sediment yield was also strongly affected by the experimental f‘ws, with a high ¢o

Land use and rainfall intensity significantly affected both concentrations &
interaction differed between the two metals and betwee i

0.05). The highest loads of Cd (9.97 mg m™) and Pb (4.07 - under forest land use at the highest rainfall
intensity (90 mm h™). In general, increasing rainfall intensity in f both metals. The results also showed that the
tration, the land use x rainfall intensity interaction
and the three-way interaction of land use x rainfall intensity x r n were significant, whereas the corresponding three-
way interaction was not significant for Pb load. For Cd, the land
concentration and load, while the three-way interac
Pearson correlation analysis revealed significa between Pb load and runoff volume (r = 0.770) and
sediment yield (r = 0.644), as well as between Cd | = 0.740) and sediment yield (r = 0.675) (p < 0.001).
These relationships indicate that greater runoff and ere associated with greater amounts of Pb and Cd
transported from the soil surfa@& The strongergorrelati ads and runoff volume compared with sediment yield
highlight the import‘ i unt of dissolved and readily transported metals. Nevertheless, the
significant relationships ontribution of erosion-related processes to heavy metal transport.

Conclusions

loads and both runo ent yield emphasize the close connection between hydrological and erosional processes and
heavy metal transport. Diffi een the responses of concentration and load further indicate that concentration alone may not
adequately represent the act ount of metal exported from the soil surface; therefore, metal load should be considered as a

particularly unde e fall, through maintaining vegetation cover, increasing surface protection, and establishing vegetative

buffer strips may he uce Pb and Cd transport to surface water resources. Since Pb and Cd concentrations in the sediment phase
were not separately W@¥ermined in the present study, further research should quantify both dissolved and sediment-associated
fractions to better determine the relative contribution of these pathways to heavy metal transport.
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