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Variation in palladium and water quality parameters and
their relationship in the urban water environment
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and Lan Zhang

ABSTRACT
Palladium (Pd) is widely used in vehicle exhaust catalysts (VECs) to reduce toxic emissions from
motor vehicles. The study aimed to quantitatively determine Pd content and water quality
parameters, to analyze the variation differences and to explore the effect of water quality
parameters on Pd content in the urban water environment system (wet deposition–rainfall runoff–
receiving water body–estuary) of the city of Haikou, Hainan Island, China. The method used in this
study included microwave digestion under high pressure and temperature, analysis by inductively
coupled plasma mass spectrometry, quality control of the experimental procedure and guaranteed
recovery (85% 125%). The results showed that the dissolved Pd average content in the urban water
environment system was the highest in rainfall runoff (4.93 ng/L), followed by that in the receiving
water body (4.56 ng/L), and it was the lowest in wet deposition (0.1 ng/L). The suspended Pd average
content was the highest in the estuary (2.83 ng/L), followed by that in rainfall runoff (1.26 ng/L), and it
was the lowest in wet deposition (6 × 104 ng/L). The particle–water partition ratio of the estuary Pd
was the highest (1.26), followed by that of Pd in rainfall runoff (0.26). The particle–water partition ratio
of the wet deposition Pd was the lowest (6 × 103). The dissolved Pd was correlated with the pH, Cl,
and total suspended solids (TSS) (correlation coefﬁcient ¼ 0.52, 0.68, 0.39, p < 0.05; regression
coefﬁcient ¼ 1.27, 1.39, 0.01). The suspended Pd was only correlated with Cl and TSS (correlation
coefﬁcient ¼ 0.36, 0.76, p < 0.05; regression coefﬁcient ¼ 1.45, 0.01). Cl and TSS were the most
closely related to Pd in the water environment system. Although individual factors such as pH, Cl,
and TSS had certain migration and transformation effects on Pd in the wet deposition–rainfall runoff–
receiving water body–estuary system, the probability of strong correlations was not high. In
particular, Eh was not related to the dissolved nor suspended Pd content (correlation coefﬁcient ¼
0.14, 0.13), which may be due to the synergistic effect of the multiple physical factors on Pd. This
study was helpful to better understand the environmental behavior of Pd and provided important
theoretical support for the prevention and protection against urban water environmental pollution.
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HIGHLIGHTS

•
•
•
•
•

Platinum group elements are a new class of pollutants.
Islands and coastal cities have formed in a ‘wet deposition–rainfall runoff–receiving
water body–estuary’ water pollution chain.
There were signiﬁcant differences in the water quality parameters (pH, Eh, Cl, TSS)
of wet deposition, rainfall runoff, receiving water bodies, and estuary.
Cl and TSS were the most closely related to Pd in the water environment system.
Eh was not related to the dissolved nor suspended Pd content, which may be due to
the synergistic effect of the multiple physical factors on Pd.
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INTRODUCTION
The rapid urbanization process has resulted in a rapid
increase in urban impervious layers (Ma et al. ), intensiﬁed the formation of rainfall runoff, changed the urban
water cycle, and promoted the development of the wet
deposition–rainfall runoff–receiving water body–estuary pollution chain and water environment system in coastal cities.
Pollutants migrate along this pollution chain, causing the
entire city water environment to face ecological risks
(Huber et al. ).
Platinum group elements (PGEs) are not only strategic
metals used in catalysts, fuel cells and electronics, and
cancer therapy, but also a new class of pollutants that can
cause allergies, asthma and even cancer (Sutherland et al.
; Birke et al. ). Due to their excellent catalytic performance, PGEs are widely used in vehicle exhaust
catalysts (VECs). The urban vehicle ﬂow is large and
dense. During the operation of motor vehicles, particles containing PGEs are continuously emitted with exhaust gases,
and a large number of these particles settle and accumulate
on the surface of impermeable beds; in particular, PGE
enrichment on road surfaces is especially prominent (Zereini et al. ; Fu et al. ). During wet deposition, the
PGEs accumulated in the atmosphere and on road surfaces
will be leached and washed away during wet deposition and
rainfall runoff, respectively, and enter the wet deposition–
rainfall runoff–receiving water body–estuary urban water
environment system (Suoranta et al. ).
Dahlheimer et al.() found that the pH, Eh, Cl and
2
3
other parameters (NO
3 , SO4 , PO4 , ﬂuxes) directly or
indirectly affected the migration and transformation of PGEs
(Dahlheimer et al. ; Mashio et al. ; Zereini et al.
). The role of pH, Eh, and Cl in increasing or decreasing
the bioavailability of PGEs cannot be ignored; for instance, the
presence of chloride in lung ﬂuids may lead to the formation of
halogenated PGE complexes (Wiseman & Zereini ). The
presence of siderophores can signiﬁcantly increase the solubility of PGEs at various pH levels, particularly that of Pd
(Zereini et al. ). However, there have been few related
research studies and a lack of systematic research on the
entire urban water environment system. Studies have mainly
focused on independent components of the wet deposition–
rainfall runoff–receiving water body–estuary system (Liu
et al. ; Fu et al. ). Therefore, the research will pay
more attention to the migration and transformation of pollution in the entire pollution chain.
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PGEs include Pd, Pt, Rh and other elements. Studies
have found that the bioavailability of PGEs followed the
order of Pd > Rh > Pt. The accumulation rate and
activity of Pd in water bodies were higher than those of the
other PGEs (Wiseman & Zereini ; Zereini et al. ).
Compared with Pt, the price of Pd was relatively low, so Pd
was used in VECs in large amounts (Birke et al. ).
This paper selected Haikou, Hainan Province, China, as
the research region and focused on its natural environmental characteristics. The aim of this study was to
quantitatively determine Pd content and water quality
parameters, to analyze the variation differences and to
explore the effect of water quality parameters on Pd content
in the urban water environment system (wet deposition–
rainfall runoff–receiving water body–estuary). This study
will be beneﬁcial to a more quantitative understanding of
the behavior of Pd in the water environment and will
provide basic information support for coastal water environmental protection at the same time.

MATERIALS AND METHODS
Overview of the study area
Haikou is located in the northern part of Hainan Island
(19 320 –20 050 N, 110 100 –110 410 E), and the built-up area
covers 140.59 km2. Haikou is not only the political,
economic, technological, and cultural center of Hainan
Province but also the largest transportation hub, with
severe trafﬁc congestion in the urban areas. The number of
motor vehicles exceeds 8 × 105 and the average trafﬁc
volume reaches 5.65 × 103 vehicles per hour. The local government has adopted an automobile purchase restriction
policy to control the number of vehicles in Haikou.
Haikou has a typical tropical monsoon climate, with abundant rainfall (an average annual rainfall of 1,684 mm).
Rainfall runoff is prominent and typical. In recent years,
the Haikou ambient air quality has maintained a national
leading level (air quality index, AQI < 100), but the surface
water environmental quality in its urban areas was relatively
poor (Xu et al. ). The migration and accumulation of pollutants through the wet deposition–rainfall runoff–receiving
water body–estuary water environment system may be the
main reason.
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Sample collection
The Meishe River originates in the Yangshan area in the
south of Haikou city, runs through the north and south of
Haikou city, and merges with the Qiongzhou Strait at
Xingang Pier in Haikou city. The Wuyuan River also originates in the Yangshan area in the south of Haikou city,
ﬂows through the built-up area of Haikou city, and merges
with the Qiongzhou Strait in Changliu town. The Meishe
River and Wuyuan River are both the main and relatively
independent rainfall runoff-receiving water bodies in the
built-up area of Haikou city.
According to the routine monitoring requirements
of wet deposition (Technical Speciﬁcations for acid
deposition monitoring, HJ/T 165-2004 2004-12-09
implemented), Hainan Normal University was selected
as the wet deposition sampling site in the built-up area
of Haikou. According to the land use function and the
urban main road network, three rainfall runoff sampling
sites were set up in the catchment areas of the Meishe
River and Wuyuan River. They are Hainan Normal
University (HS; cultural and educational residential
area), the intersection of Longkun South Road and
Hongchenghu Road (LN; trafﬁc-intensive area), and
Banqiao Road (BQ; commercial area). According to the
principle of setting river- and estuary-monitoring sections,
three monitoring sections were located in the urban

Figure 1

|

Study area and sampling sites and the layout of the monitoring sections.
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center sections of the Meishe River (MS) and Wuyuan
River (WY), while one monitoring section was located in
each estuary. These locations were used as sample collection sites for the receiving water body and estuary
(Figure 1).
Eight wet deposition events (Table 1) of different rainfall
levels were selected during the wet (May–October) and
dry (November–April) seasons, and wet deposition and rainfall runoff samples were collected at the corresponding
sampling points. After rainfall runoff had completely
entered the receiving water body, receiving water body
and estuary water samples were collected by using the
electric water quality sampler at the same depth of the
monitoring section of each river and its estuary.
A total of eight wet deposition samples, 24 rainfall
runoff samples, 48 receiving water samples, and 16 estuary
water samples were collected. Rainfall characteristics, such
as rainfall amount, precipitation intensity and previous
clear days, were also recorded.

Analysis and measurement
Main instruments and equipment
An inductively coupled plasma mass spectrometer (Agilent
7500ce), a CEM-MARS 5 microwave digester (CEM, USA),
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Precipitation parameters of each precipitation event

Date

2017/10/29

2017/11/17

2018/3/31

2018/4/12

2018/5/19

2018/6/15

2018/7/1

2018/10/15

Rainfall amount (mm)

7.8

16.4

25.6

29.5

15.3

66.1

47.8

34.1

Rainfall intensity (mm/min)

0.22

0.33

0.63

0.38

0.35

0.95

0.61

0.68

Clear days (day)

4

6

5

4

1

1

1

4

a UV-Vis spectrophotometer (Agilent Cary 60, Agilent
Technologies, Santa Clara, CA, USA), and a multiparameter
analyzer (Hach HQ 40d) were used.

RESULTS AND DISCUSSION

Determination method

The average pH values in wet deposition, rainfall runoff,
receiving water bodies, and estuaries reached 6.23 (5.92–
7.23, n ¼ 8), 7.75 (7.22–8.35, n ¼ 24), 8.23 (7.26–9.14, n ¼
48), and 8.13 (7.68–8.57, n ¼ 16), respectively. The average
pH decreased in the following order: receiving water body
> estuary > rainfall runoff > wet deposition (Figure 2).
Affected by the acidic pollutant gases (such as SO2) emitted
by motor vehicles, wet deposition has become the most
acidic water body in the urban water environment system
(Garaga et al. ). Due to incorporation of a large
amount of construction pollutants (such as cements,
bricks), urban impermeable layer sediments are generally
alkaline. When runoff is formed during wet deposition and
rainfall runoff continuously washes away urban impermeable layer sediments, the pH of runoff increases quickly
(Liu et al. ). Receiving water bodies in coastal cities
not only accept rainfall runoff with a higher pH but also
cause notable seawater backﬂow when storm surges occur.
The receiving water average pH is higher than that of rainfall runoff and wet deposition in inland cities (Zhou et al.
). The estuary not only receives water from cities in
the middle and upper reaches but is also near the ocean,
and the exchange between the estuary and ocean water is
notable. The pH of the estuary increases due to the dual
inﬂuences of the received water and seawater alkalinity, so
the estuary water is also alkaline (Howland ).
The average Eh values in wet deposition, rainfall runoff,
receiving water bodies, and estuaries reached 45.19
(13.40 to 63.10, n ¼ 8) mV, 42.38 (70.99 to 12.68,
n ¼ 24) mV, 71.74 (121.20 to 13.40, n ¼ 48) mV, and
55.50 (88.60 to 14.70, n ¼ 16) mV, respectively. The
average Eh decreased in the following order: wet deposition
> rainfall runoff > estuary > receiving water body (Figure 2).
The pH of the water body was signiﬁcantly negatively correlated with Eh (r ¼ 0.97, p < 0.05). The average Eh value in

All samples were divided into two batches. One batch was
used to measure the pH, Eh, and Cl. The other batch was
ﬁltered through a 0.45 μm microporous membrane to
obtain the suspended matter content and ﬁltered water
samples, and the suspended matter and Pd contents were
measured. The pH and Eh were measured using the multiparameter analyzer. The Cl content was determined with
the UV-Vis spectrophotometer. The dissolved Pd in the
ﬁltered water samples was directly determined through
inductively coupled plasma mass spectroscopy (ICP-MS).
A 0.5 g sample was placed in a polytetraﬂuoroethylene
digestion tank, and 6 mL HCl, 2 mL HNO3, and 1 mL HF
were added in sequence. Then digestion tank was placed
in a fume hood for 40 minutes for pre-digestion. The digestion program was carried out by microwave digestion
apparatus: the temperature was raised to 120  C within 5
minutes and held for 5 minutes; the temperature was
raised to 150  C within 5 minutes and maintained for 5 minutes; the temperature was raised to 190  C within 7 minutes
and maintained for 40 minutes. The suspended Pd was
determined via ICP-MS. Ten blank ﬁlter membrane samples
were randomly selected. After weighing, the above method
was used for digestion and determination, and the average
value was taken as the blank of the element in the ﬁlter
membrane. After processing, samples were put in a refrigerator and stored at 4  C. The ICP-MS operating conditions
were optimized before the measurements, and the standard
mode was used. The isotope selected for the elemental
measurements was 105Pd. At the same time, the national
standard materials GBW07290 and BCR723 were used to
evaluate the recovery rate and reproducibility of the entire
experimental process. The recovery rate of Pd is 92 ± 5%,
and the reproducibility is better than 5%.
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Changes in the water quality parameters in the urban
water environment system
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Changes in the water quality parameters in the wet deposition–rainfall runoff–receiving water body–estuary water environment system.

the pollution chain decreased in the reverse order of pH.
Water bodies that were less disturbed by human activities
had a better oxidation state, they were more reductive, and
they exhibited a high reducibility (Lin et al. ; Garaga
et al. ). The proportion of days with good or excellent
ambient air quality (days with AQI  100) was higher than
96% in Haikou, and the input of anthropogenic pollutants
was relatively low, while wet deposition was not greatly
affected by human activities. The abovementioned reasons
may also be why wet deposition had the highest Eh value
in the pollution chain.
The Cl average concentration in wet deposition, rainfall
runoff, receiving water bodies, and estuaries reached 3.06
(2.01–3.93, n ¼ 8) mg/L, 1.17 × 102 (2.9 × 103–2.13 × 102,
n ¼ 24) mg/L, 0.29 (3 × 102–0.65, n ¼ 48) mg/L, and 1.20
(0.53–1.91, n ¼ 16) mg/L, respectively. The Cl average
concentration decreased in the following order: wet deposition
> estuary > receiving water bodies > rainfall runoff (Figure 2).
Waves colliding with each other cause abundant atmospheric
Cl salt nuclei to form over the ocean (Liu ). These salt
nuclei drift with the wind to land many kilometers away
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from the coast. During rainfall, Cl dissolves into the rainwater, increasing the chloride ion concentration in the wet
deposition. The Cl concentration in wet deposition on the
coastal city was relatively high. (Zhang et al. ). Haikou is
an island city surrounded by the sea. The precipitation air
mass containing Cl mostly comes from the ocean. So the
Cl content was high in wet deposition. In wet deposition in
Haikou, Cl was mainly attributed to sea-source ions transported via the atmosphere, and not to human input. The
estuary is a transitional zone between sea and land and is an
ecologically interlaced zone between freshwater and ocean
water. Its material and energy conversion is relatively rapid.
The large Cl amount entering the estuary was the main
reason for the high Cl content in the estuary.
The average concentration of total suspended solids
(TSS) in wet deposition, rainfall runoff, receiving water
bodies, and estuaries reached 3.48 (0.92–7.43, n ¼ 8) mg/L,
114.01 (16.08–271.96, n ¼ 24) mg/L, 45.63 (6.07–122.65,
n ¼ 48) mg/L, and 198.07 (153.00–257.80, n ¼ 16) mg/L,
respectively. The TSS average concentration decreased in
the following order: estuary > rainfall runoff > receiving
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water bodies > wet deposition (Figure 2). The TSS in wet
deposition came from the atmosphere. Haikou’s air quality
ranked ﬁrst among 74 cities including municipality cities,
provincial capital cities and cities with separate plans in
2017–2018. The atmospheric particulate matter content is
low, which is the main reason for the lowest TSS content
in wet deposition in the entire water environment system.
Estuary sediments are often resuspended into water bodies
under external forces such as wind, waves and tide (Lou
et al. ). At the same time, in the case of mixed saltwater
and fresh water in the estuary, on the one hand, the mediumand high-salinity waters brought coarse particles, and on the
other hand, polymerization between particles in low-salinity
areas also readily generated coarse-grained ﬂocs. Internal
input and polymerization resulted in the highest TSS content in the estuary in the entire water environment system
(Li et al. ). The study found that the strongly mixed
saltwater–freshwater zone in estuary had a ‘maximum turbidity zone’, which was the main sedimentary area for
ﬁne-grained sediment movement in the estuary (Uncles
et al. ). This was consistent with the results of a previous
study in which the TSS content in the estuary reached the
highest level in the pollution chain.

Changes in the Pd content in the urban water
environment system
The dissolved Pd content of wet deposition, rainfall runoff,
receiving water bodies, and estuaries ranged from not
detected (ND) to 1.38 ng/L (n ¼ 8), from 1.6 ng/L to
9.4 ng/L (n ¼ 24), from 1.42 ng/L to 8.59 ng/L (n ¼ 48),
and from ND to 2.93 ng/L (n ¼ 16), respectively. The dissolved Pd average content was the highest in rainfall
runoff (4.93 ng/L), followed by that in the receiving water
body (4.56 ng/L), and the lowest dissolved Pd content
(0.1 ng/L) was observed in wet deposition (Figure 3).
The suspended Pd content of wet deposition, rainfall
runoff, receiving water bodies, and estuaries ranged from
ND to 7.7 × 103 ng/L (n ¼ 8), from 0.06 ng/L to 3.98 ng/L
(n ¼ 24), from ND to 0.45 ng/L (n ¼ 48), and from 1.88 to
4.46 ng/L (n ¼ 16), respectively. The suspended Pd average
content was the highest in the estuary (2.83 ng/L), followed
by that in rainfall runoff (1.26 ng/L), and the lowest content
(6 × 104 ng/L) occurred in wet deposition. Due to the
speciﬁc physico-chemical environment of the turbidity maximum in the estuary, a ternary complex was formed on the
surface of the suspended particles (Gil-Díaz et al. ),
and pollutants such as Pd were easily adsorbed, which
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Changes in Pd in the wet deposition-rainfall runoff-receiving water bodyestuary water environment system.

likely caused the suspended Pd content to signiﬁcantly
increase in the estuary.
The particle–water partition ratio can reﬂect the distribution of pollutants between the dissolved phase and the
particle phase. Its formula is Kd ¼ Cs/Cw, where Cs (mg/kg)
and Cw (mg/L) are suspended and dissolved pollution content, respectively (Gogoi et al. ). The particle–water
partition ratio of Pd reached 0.006, 0.26, 0.022, and 1.26
in wet deposition, rainfall runoff, receiving water bodies,
and estuaries, respectively. Among them, the wet deposition
Pd had a strong migration ability between the water phase
and particulate matter. The estuary Pd had a high afﬁnity
for the particle phase and was easily adsorbed.

Relationship between Pd changes and water quality
parameters
Studies have suggested that water quality parameters are
important factors affecting the migration and transformation
of pollutants in the water environment (Riedel et al. ).
In the case of high pH (>8) and high turbidity, particulate
matter is more likely to adsorb heavy metals (Djukić et al.
). The single-sample Kolmogorov–Smirnov test veriﬁed
that the sample data conformed to the normal distribution.
This study analyzed the correlations between wet deposition,
rainfall runoff, receiving water body and estuary Pd content
changes and water quality parameters pH, Eh, Cl, and TSS
in the pollution chain. The results showed that the dissolved
Pd was correlated with the pH, Cl, and TSS, and the coefﬁcient of determination R2 was 0.27, 0.46, and 0.15,
respectively. The suspended Pd was only correlated with Cl
and TSS, and the values of R2 were 0.13 and 0.57,
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respectively. In addition, there was a strong correlation (R2 ¼
0.94, 0.58, and 0.49, respectively) between water quality parameters pH, Eh, and Cl but a weak or moderate
correlation (R2 ¼ 0.09, 0.08, and 0.17, respectively) with TSS
(Table 2).
Zereini et al. () proposed that the pH solubility was
strongly dependent on pH. Estuary trace metal solid–liquid
partitioning also affects the pH; that is, the increase in pH
enhanced the distribution of trace metals in the sediment
and could promote the transfer of trace metal elements to
the sediment solid phase (Liu et al. ). This study found
that the dissolved Pd was moderately related to the
pH (r ¼ 0.52, p < 0.05) and that the suspended Pd was not
related to the pH (r ¼ 0.16) (Table 2). The relationship
between the dissolved Pd and pH was close to the results
of Zereini, but the pH effect of Pd was not signiﬁcant.
The adsorption and desorption of heavy metals at interfaces are often related to changes in Eh (Riedel et al. ).
However, the analysis data showed that the dissolved and
suspended Pd and Eh levels in the wet deposition–rainfall
runoff–receiving water body–estuary pollution chain were
not related (r ¼ 0.14, 0.13), and there was no similarity
with the results of heavy metals.
The change in salinity would not only change the occurrence form of metal ions but also change the ionic strength of
water, which would affect the migration of heavy metals and
other elements at solid–liquid interfaces to change their distribution between the dissolved and solid states (Chou et al.
). This study found that Cl had a very notable negative
correlation with the dissolved Pd (r ¼ 0.68, p < 0.05) and a
weak negative correlation with the suspended Pd (r ¼ 0.37,
p < 0.05), which is consistent with the research of Zhang
(). In addition, the wet deposition Cl content in the pollution chain was the highest, but the particle–water partition
ratio of Pd was the lowest, which indicated that as the salinity
increased, the dissolved Pd content increased. Mashio et al.
() proposed that the dissolved Pt concentration in PGEs
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increased sharply in high-salinity regions, which was in line
with the Pd results in this study.
TSS was weakly correlated with the dissolved Pd (r ¼
0.39, p < 0.05) and strongly correlated with the suspended
Pd (r ¼ 0.79, p < 0.05). The suspended Pd was mainly
adsorbed onto TSS and would be desorbed from TSS to
become dissolved Pd. The TSS content directly affected
the Pd concentration, resulting in the correlation between
TSS and the dissolved and suspended Pd. The TSS surface
structure characteristics, speciﬁc surface area, and particle
size might signiﬁcantly impact Pd adsorption or desorption
(Horowitz & Elrick ).
Among the four physical and chemical factors, Cl and
TSS were the most closely related to Pd in the pollution
chain. Studies have suggested that although the pH, Eh,
Cl and other factors might play a key role in different
environments, they often have a synergistic effect on the
presence of pollutants (Zheng et al. ). In this study, correlation analysis found that although individual factors such
as the pH, Cl, and TSS had certain effects on Pd in the wet
deposition–rainfall runoff–receiving water body–estuary pollution chain, the probability of strong correlations was not
high. In particular, Eh was not related to the dissolved nor
suspended Pd content, which might also be a synergistic
effect of the various factors on Pd.

CONCLUSION
(1) In the urban water environment system, the average pH
decreased in the following order: receiving water body
(8.23) > estuary (8.13) > rainfall runoff (7.75) > wet
deposition (6.23). The average Eh decreased in the
following order: wet deposition (45.19 mV) > rainfall
runoff (42.38 mV) > estuary (55.5 mV) > receiving
water body (71.74 mV). The Cl average concentration
decreased in the following order: wet deposition

Relationship between Pd and the various physical and chemical factors in the urban water environment system

Correlation (r)

pH

Eh

Cl

pH

1.00

0.97
1.00

Eh
Cl
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TSS
Dissolved Pd
Suspended Pd
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TSS

Dissolved Pd

Suspended Pd

0.76

0.31

0.52

0.16

0.70

0.28

0.14

0.13

1.00

0.42

0.68

0.21

1.00

0.39

0.76

1.00

0.12
1
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(3.06 mg/L) > estuary (1.2 mg/L) > receiving water bodies
(0.29 mg/L) > rainfall runoff (1.17 × 102 mg/L). The
average TSS decreased in the following order: estuary
(198.07 mg/L) > rainfall runoff (114.01 mg/L) > receiving
water bodies (45.63 mg/L) > wet deposition (3.48 mg/L).
There were signiﬁcant differences in the water quality parameters (pH, Eh, Cl, TSS) of wet deposition, rainfall
runoff, receiving water bodies, and estuary.
(2) The dissolved Pd average content was the highest in rainfall runoff (4.93 ng/L), followed by that in the receiving
water body (4.56 ng/L), and it was the lowest in
wet deposition (0.1 ng/L). The suspended Pd average content was the highest in the estuary (2.83 ng/L), followed by
that in rainfall runoff (1.26 ng/L), and it was the lowest in
wet deposition (6 × 104 ng/L). The particle–water partition ratio of the estuary Pd was the highest, followed by
that of the rainfall runoff Pd, and the particle–water partition ratio of the wet deposition Pd was the lowest. The
decreasing order of particle–water partition ratio was consistent with suspended Pd, which could better reﬂect the
adsorption capacity of suspended matter to Pd.
(3) The dissolved Pd was correlated with the pH, Cl, and
TSS (r ¼ 0.52, 0.68, and 0.39, respectively, p < 0.05),
but the suspended Pd was only correlated with Cl
and TSS (r ¼ 0.37 and 0.76, respectively, p < 0.05).
Cl and TSS were the most closely related to Pd in the
pollution chain. Although individual factors such as
pH, Cl, and TSS had some inﬂuence on Pd in the wet
deposition–rainfall runoff–receiving water body–estuary
pollution chain, the probability of strong correlations
was not high. In particular, Eh was not related to
the dissolved nor suspended Pd (r ¼ 0.14 and 0.13,
respectively), which might also be a synergistic effect
of the various factors on Pd.
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