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Abstract: The paper aimed at determining heavy metal pollution level of the sediments collected from
reservoirs that retain rainwater, localized along the national road No. 4. The sediments were sampled from 11
reservoirs on three dates: in May 2007, in April 2008 and in June 2008 in the Sulkow, Biskupice, Bodzanow
and Suchoraba villages, along the ca 10 km section of this road. The sediments were dried in the open air,
dry-mineralized and dissolved in a mixture of nitric and chloric acids (3:2, v/v). The contents of copper,
chromium and nickel were assessed in the obtained solutions by means of ICP-AES method.

Copper contents in the analyzed sediments ranged from 9.29 to 102 mg × kg–1, with an average for all
samples 34.94 mg Cu × kg–1. Chromium contents in the studied sediments comprised in limits 12.6–58.1 mg
Cr × kg–1, with an average value of 27.7 mg Cr × kg–1. Nickel quantities assessed in sediments from rainwater
reservoirs were within the range of 7.57–25.62 mg Ni × kg–1, with an average value of 13.71 mg × kg–1.
Changeability (RSD) of the studied metal contents between individual reservoirs fluctuated from 18 to 58 %.
The amounts of analyzed elements in the sediments from reservoirs receiving runoffs from the road were
much smaller than assessed in similar sediments from various cities worldwide. The investigated sediments do
not pose any hazard in view of pollution with copper, chromium or zinc. A regular diminishing of copper
content in the sediments was observed with increasing distance from Krakow agglomeration. The closest
reservoir is situated in Sulkow, 7 km from the Krakow boundaries, near the boundaries of the Wieliczka town.
On the other hand, the reservoir in Suchoraba village is about 17 km far from Krakow. Along this stretch
copper content in sediment taken from reservoirs that retain rain water diminished several times, what points
at a considerable effect of pollution coming from urban centre on this metal level in the sediments. No such
dependence was observed for nickel or chromium.
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Advanced level of urbanization increases the number of hard surfaced areas. With
growing area of anthropogenically transformed terrains the hazard of area pollution
source is more serious. Environmental Protection Agency (EPA) attaches more attention
to this type of pollution which may locally lead to environment degradation. Many
researchers of this problem state that in the areas with high coefficient of urbanization
rainwater is currently the gravest threat to both surface and underground water quality
[1–3]. Rainwater running off from hard surfaced areas may contain considerable
amounts of pollutants posing a hazard to natural ecosystems [4]. The most important
impurities polluting the runoffs are organic matter, heavy metals, oil derivatives,
chlorides which can be extracted with petroleum spirit [5]. The Directive of the Minister
of Environment of 29 November 2002 [6] determines the necessity to clean rainwater
from the road drainage to make it parameters would meet the standards formulated in
the Directive of the Minister of Environment of 24 July 2006 [7]. One of the ways of
pretreatment is the use of sedimentation pools and infiltration and evaporation tanks.
Various physical and physicochemical phenomena are used in these devices to remove
the pollutants from rainfall wastewater and transform them to sediments [8]. It is
thought that bioretention reservoirs are the most efficient method of cleaning rainwater
runoffs of heavy metals, because the physical and chemical processes are supplemented
with biological sorption of pollutants. Another problem is treatment and disposal of
water from the pretreatment reservoirs. Inappropriate exploitation and utilization of the
reservoirs may after some years cause mobilization of toxicants bound in the sediments
posing a hazard to the natural environment. With increasing number of facilities
pretreating stormwater sewage the pressure of roads and other urbanized areas on the
environment will be diminishing, but also considerable amount of sediments will be
generated and their management may prove problematic. The annual deposition of
sediments from surface runoffs in France is estimated for 5 million Mg (tons) and
potentially increasing in future [3].

Heavy metals are constant component of rainfall water. Emission of these elements
to the environment is connected with all kinds of human activity. Metals are emitted to
the atmosphere, absorbed on dust particles fall to the ground from where are washed
away by rainwater. Considerable amounts of nickel find their way to the environment
with burning fuels and this element leaching from the road surface, but also due to
corrosion of vehicle parts coated with this element. Chromium in rainfall sewage also
comes from fuel burning and in result of leaching from chromium plated vehicle
surfaces.

The investigations aimed at determining the extent of copper, chromium and nickel
pollution of sediments from the reservoirs of rainwater running from the surface of
national road No. 4.

Material and methods

In 2007 and 2008 sediments were sampled from evaporation reservoirs which receive
rainwater runoffs from the national road No. 4 along ca 10 km section of this road
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between Sulkow and Suchoraba villages. The parameters of the reservoirs and the
catchment were given in Table 1.

Table 1

Characteristic of stormwater ponds

No.
No.

of object
Localization

Capacity of
reservoir [V]

Retention
time of water
in pond [t]

Total catchment area
Flow
[Q]sealed [F1]

green areas
[F2]

[m3] [min] [ha] [ha] [dm3
× s–1]

1 20 Sulkow 118.4 31.1 0.29 1.85 71

2 21 Sulkow 176.9 29.4 0.29 5.97 119

3 22 Sulkow 86.2 29.7 0.18 2.67 58

4 33 Biskupice 93.0 24.2 0.39 2.58 77

5 32 Przebieczany 81.5 37.8 0.17 1.29 45

6 36 Bodzanow 98.0 25.8 0.62 0.69 87

7 37 Bodzanow 127.0 30.4 0.39 4.08 127

8 41 Suchoraba 101.6 27.2 0.36 2.64 95

9 43 Suchoraba — — 0.37 3.88 94

10 45 Suchoraba 194.8 32 0.36 5.17 119

11 55 Suchoraba 218.0 27.7 0.53 9.91 156

The samples were collected on three dates: in May 2007, in April 2008 and in June
2008 in the Sulkow, Biskupice, Bodzanow and Suchoraba villages. Sediments for
analyses were sampled from 11 reservoirs situated in: Sulkowice – 3 reservoirs,
Biskupice – 1 reservoir, Przebieczany – 1 reservoir, Bodzanow – 2 reservoirs and
Suchoraba – 4 reservoirs. Average sample was composed of primary samples collected
from the whole area of the reservoirs. A laboratory sample was representative for the
whole reservoir. The sediments were gathered from the top layer to the depth of 10 cm.
Collected sediments were dried in the open air, dry mineralized in a muffle furnace at
450 oC and digested in a mixture of HClO4 and HNO3 acids (2:3, v/v). Material
prepared in this way was dissolved in HCl and the contents of copper, chromium and
nickel were assessed in obtained solution using ICP-AES method on JY 238 ULTRACE
apparatus (Jobin Yvon Emission). Organic matter content was determined on the basis
of weight loss during calcinations at 550 oC. The methods were validated on the basis
on internal reference materials.

Rainwater sewage pollution with copper is mainly connected with fuel burning in
engines. It has been estimated that cars emit about 4.5 × 10–5 g per 1 kilometre of the
way they pass [8]. Considerable amounts of this element are frequently noted in runoffs
from roads and highways. Nordeidet et al [9] emphasize great importance of copper as a
factor polluting runoffs from roads and highways.

Average copper content in the sediments from rainwater reservoirs was 34.94
mg × kg–1, fluctuating from 9.29 to 102 mg Cu × kg–1 (Table 2). The greatest quantities
were registered in the sediments from the third sampling, where the amount was almost
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Table 2

Parameters of heavy metals quantity in sediments from stormwater ponds

Element
Following
sampling

Minimum Maximum Mean Median RSD*
[%][mg × kg–1 d.m.]

Cu

I 9.29 60.64 30.34 30.96 59

II 12.18 57.30 29.43 26.94 57

III 11.82 102.0 45.06 46.56 55

Cr

I 16.38 58.08 34.20 29.60 37

II 12.62 26.31 20.89 18.06 35

III 17.19 38.94 28.52 27.31 26

Ni

I 7.57 15.52 11.65 11.63 18

II 11.31 25.62 16.88 14.56 30

III 8.37 18.19 12.77 12.03 22

* RSD – Relative standard deviation.

twice greater than in the 1st or 2nd sampling. The highest concentrations of copper were
determined in the reservoirs situated closest to Krakow (Fig. 1). The average for 1–6
objects for all three samplings was 42.26 mg × kg–1, whereas for reservoirs 7–11 it
reached 26.62 mg × kg–1. With growing distance from the city agglomeration copper
level in the sediments was decreasing regularly. Standard deviation for sediments from
all reservoirs fluctuated from 50 to 60 % between the successive samplings.

Copper contents in the analyzed sediments indicate their anthropogenic enrichment.
This metal quantities registered by Neal et al [10] in the Thame River water (the
Thames tributary) reached several mg × dm–3. Wisniowska-Kielian and Niemiec [11]
reported diversified copper contents in the sediments from the Dunajec River bottom
and retention reservoirs: from 3.5 mg × kg–1 in the unpolluted areas to 28 mg × kg–1 in
the regions under strong anthropopressure. However, copper concentrations assessed in
the investigated sediments do not pose a hazard to the environment because they do not
exceed the permissible contents of this element in soil or protected ground [6]. Nogaro

116 Marcin Niemiec et al

100

80

60

40

20

0

1 2 3 4 5 6 7 8 9 10 11 mean

Succesive stormwater ponds

m
g

k
g

d
.m

.
×

–
1

I sampling

II sampling

III sampling

Fig. 1. Copper content in sediment from successive stormwater ponds



et al [12] found that copper concentrations in reservoirs accumulating rainwater in the
Lyon area reached the level of 113 mg × kg–1. On the other hand, Rozenkrantz et al [13]
assessed the copper contents in the sediments from rainwater infiltration pools in the
vicinity of Melbourne similar to obtained in the presented research, amounting from 9.6
to 124 mg Cu × kg–1, whereas Datry et al [14] observed a much higher concentration of
this metal, between 241–503 mg × kg–1, in the infiltration pools of rainwater runoffs in
Lyon neighbourhood. Petavy et al [3] also registered high contents of copper in the
sediments from infiltration pools in western France reaching from 122 to 334 mg × kg–1,
depending on the fraction. These authors pay attention to a considerable copper affinity
to organic matter and the finest sediment fractions. These properties of copper cause
that its removal from sediments depends the sedimentation conditions in reservoirs.
Ikenaka et al [15] stated much higher quantities of copper in sediment of Kafue River,
which ranged from 23 to 12906 mg × kg–1, 4745 mg × kg–1 on average, whereas
recommended value amounts 50 mg Cu × kg–1. This phenomenon is a result of heavy
metals transportation from the Copper Belt area to downstream areas. Krolikowski et al
[16] noted copper concentrations amounting 6.8–60 mg × kg–1 in storm inlets in
Bialystok, approximate to presented in this paper. Murakami et al [17] point to possible
copper contamination of underground runoffs. These authors state that copper con-
centrations in the dust from the heavily loaded highways may reach even 990 mg × kg–1.
Mayer et al [18] report that this element concentrations in the sediments from reservoir
receiving stormwater in Toronto range from 56 to 114 mg × kg–1, ie are a bit higher than
presented in the paper. Birch and McCready [19] investigated copper content in street
dust and in the sediments from reservoirs accumulating rainwater in Sydney. Average
copper content in street dust was 160 mg Cu, whereas in the sediments reached over
200 mg Cu × kg–1. It evidences a considerable copper binding by organic matter and
suspension particles. Obtained results of copper contents in sediments of the investigat-
ed reservoirs are much lower than presented by various authors.

Chromium content in sediments from the analyzed reservoirs ranged from 123.6 to
58.1 mg × kg–1 d.m. (Fig. 2) and was on average of 27.7 mg × kg–1. The highest contents
of this element were registered in the sediments collected in June 2008, whereas the
lowest in sediments of the second sampling (April 2008).
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Fig. 2. Chromium content in sediment from successive stormwater ponds



No dependence of chromium concentration in sediments on the reservoir distance
from Krakow was registered, as it had place in case of copper. Variability (RSD) of this
element content in individual reservoirs was quite equal considering the sampling date
and in all analyzed sediments fluctuated from 26 to 37 % (Table 2). Chromium contents
in sediments of the studied reservoirs were not high and much lower than the literature
data. No exceeded permissible content of this element was registered either in the soil or
ground under protection [6]. Datry et al [14] determined chromium content in sediments
from infiltration pools of rainwater runoffs in Lyon vicinity on the level of 68–129
mg × kg–1, whereas Petavy et al [3] registered this metal contents in sediments from
western France ranging from 33–113 mg × kg–1. Birch and McCready [19] in their study
determined chromium content in sediments originating from urbanized areas in Syndey
amounting 31 mg × kg–1. The same authors reported that this element content in street
dust in Syndey equaled 34 mg × kg–1. Jartun et al [20] assessed an average content of
chromium in runoffs in Bergen, Norway as 30 mg × kg–1, while McKenzie et al [21]
report 122 mg × kg–1 as an average content of this metal in dust from highways in
California. On the other hand, Krolikowski et al [16] registered average amounts of
chromium in storm inlets in Bialystok ranging from 1.17 to 3.84 mg × kg–1, whereas
sediments from lamella separators from this city contained much larger amounts,
19.2–63.2 mg Cr × kg–1. Chromium contents in the analyzed reservoirs sediments were
small, much smaller than assessed in similar objects from the other parts of the world.

Nickel content in the researched sediments fluctuated from 7.57 to 25.62 mg × kg–1

and on average was 13.71 mg × kg–1 (Fig. 3). Average quantities of this element in
sediments from all reservoirs differed slightly. The greatest amount of nickel was
determined in the sediments collected in April 2008. No such relationship as in case of
copper was noted between this element accumulation in the sediments and the reservoir
distance from Krakow city agglomeration. Higher contents were registered only in
sediments from the second sampling in the reservoirs numbered 1, 2 and 3. Variability
of this element contents in individual reservoirs between sampling dates was slight and
in all studied sediments fell within 18–31 % range (Table 2).

Nickel contents in the investigated sediments were low and did not exceed values
permissible for soil or ground under protection [6].

118 Marcin Niemiec et al

25

20

15

10

5

0

m
g

k
g

d
.m

.
×

–
1

I sampling

II sampling

III sampling

1 2 3 4 5 6 7 8 9 10 11 mean

Succesive stormwater ponds

Fig. 3. Nickel content in sediment from successive stormwater ponds



Nickel is fairly common in the environment and is always a component of rainwater.
This element contents in the analyzed sediments remained on a level formerly assessed
by Wisniowska-Kielian and Niemiec [11] in bottom sediments of the Dunajec River and
its tributaries. Nickel contents in sediments from the studied reservoirs were not high
and much lower than presented in literature. Datry et al [14] stated this element content
in sediments from infiltration pool of rainwater runoffs in the vicinity of Lyon ranging
from 50 to 114 mg × kg–1, whereas Murakami et al [17] reported average concentrations
of nickel of about 50 mg × kg–1 in street dust, which reached even 100 mg × kg–1 but only
on highways with high traffic load. Birch and McCready [19] assessed 31 mg Ni × kg–1

in sediments originating in the urbanized areas in Sydney, whereas nickel content in
street dust in this city was 34 mg × kg–1. Rozenkrantz et al [13] noted nickel contents of
5.7–21.5 mg × kg–1 in the sediments from rainwater infiltration pools in the vicinity of
Melbourne, similar to obtained in the Authors’ own research. Jartun et al [20] reported
24 mg × kg–1 as mean nickel content in the sediments from runoffs in Bergen, Norway.
On the other hand, in research conducted by Krolikowski et al [16] average contents of
this element in the sediments from storm inlets in Bialystok ranged from 0.98 to 12.8
mg × kg–1, but the amounts of this element assessed on lamella separators were 13–43
mg × kg–1.

The contents of the investigated metals in sediments from road runoffs were not high
and it may be supposed that they do not pose any environmental hazard. The levels of
copper, chromium and nickel in the sediments were much lower than observed by other
authors in various cities in the world, however assessed ranges of these elements
contents indicate anthropogenic enrichment of the sediments. The share of hard
surfaced catchment in total area of the investigated reservoirs catchment is only from 5
to 10 %. The remaining part consists of green areas. Such considerable share of natural
areas in total catchment area of the reservoirs leads to dilution of pollutants running off
roads and their uptake by grass plants, which may explain lower contents of the studied
impurities. Runoffs from city centres with considerable share of hard surfaced areas in
catchment are always more burdened with pollutants. Barret et al [2] point to a
considerable variability of the chemistry of runoffs from roads during rainfall. Sewage
of the first phase of the runoff is the most concentrated. Its pollutant concentrations may
be compared with those noted in industrial sewage, therefore retention reservoirs
counteract the discharge of highly concentrated sewage to the natural, particularly water
environment and their most important role is receiving the pollutants carried by the first
phase of the runoff.

Conclusions

1. Sediments from the investigated rainwater reservoirs were characterized by a
much lower content of copper, chromium and nickel than the sediments collected from
rainwater reservoirs in various cities worldwide.

2. A high share of green areas in total catchment area of the studied reservoirs might
favour lower accumulation of the studied metals in the sediments because waters
filtering through green areas always contain lesser amounts of pollutants.
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3. Copper contents in sediments of the analyzed reservoirs depended on the
localization of the reservoir and were diminishing systematically with increasing
distance from Krakow agglomeration boundaries. No such relationship was assessed for
chromium and nickel.

References

[1] Lee PK, Touray J-C, Baillif P, Ildefonse J.P. Sci Total Environ. 1997;201:1-15.
[2] Barrett ME, Zuber RD, Collins ER, Malina JF, Charbeneau RJ, Ward GH. A Review and Evaluation of

Literature Pertaining to the Quantity and Control of Pollution from Highway Runoff and Construction,
2nd edition. Center for Research in Water Resources, Bureau of Engineering Research, Austin, Texas:
1995.

[3] Pétavy F, Ruban V, Conil P. Chem Eng J. 2009;145(3):475-482.
[4] Vaze J, Chiew FH. Urban Water. 2002;4(4):379-389.
[5] Khan E, Khaodhir S, Ruangrote D. Bioresource Technol. 2009;100(19):4454-4461.
[6] Rozporz¹dzenie Ministra Œrodowiska z dnia 9 wrzeœnia 2002 r. w sprawie standardów jakoœci gleby oraz

standardów jakoœci ziemi. Dz.U. 2002, Nr 165, poz. 1359.
[7] Rozporz¹dzenie Ministra Œrodowiska z dnia 24 lipca 2006 r. w sprawie warunków, jakie nale¿y spe³niaæ

przy wprowadzaniu œcieków do wód lub ziemi oraz w sprawie substancji szczególnie szkodliwych dla
œrodowiska wodnego. Dz.U. 2006, Nr 137, poz. 984.

[8] Ball DJ, Hamilton RS, Harrison RM. Highway Pollution, Hamilton RS, Harrison RM, editors. Studies
Environ Sci. 1991;44:89.

[9] Nordeidet B, Nordeide T, Åstebøl SO, Hvitved-Jacobsen T. Sci Total Environ. 2004;334-335:231-238.
[10] Neal C, Neal M, Hill L, Wickham H. Sci Total Environ. 2006;360(1-3):254-271.
[11] Wiœniowska-Kielian B, Niemiec M. J Elementol. 2005;10(2):435-443.
[12] Nogaro G, Mermillod-Blondin F, Montuelle B, Boisson JC, Lafont M, Volat B, Gibert J. Chemosphere.

2007;70(2):315-328.
[13] Rosenkrantz RT, Pollino CA, Nugegod D, Baun A. Environ Pollut. 2008;156(3):922-927.
[14] Datry T, Malard F, Vitry L, Hervant F, Gibert J. J Hydrol. 2003;273(1-4):217-233.
[15] Ikenaka Y, Nakayama SMM, Muzandu K, Choongo K, Teraoka H, Mizuno N, Ishizuka ML. African J

Environ Sci Technol. 2010;4(11):729-739.
[16] Królikowski A, Garbarczyk K, GwoŸdziej-Mazur J, Butarewicz A. Monografie Polskiej Akademii Nauk,

Komitet In¿ynierii Œrodowiska, Bia³ystok: 2006.
[17] Murakami M, Fujita M, Furumai H, Kasuga I, Kurisu F. J Hazardous Mater. 2009;164(2-3):707-712.
[18] Mayer T, Rochfort Q, Borgmann U, Snodgrass W. Environ Pollut. 2008;156(1):143-151.
[19] Birch GF, McCready S. Sci Total Environ. 2009;407(1):2820-2835.
[20] Jartun M, Ottesen RT, Steinnes E, Volden T. Sci Total Environ. 2008;396(2-3):147-163.
[21] McKenzie ER, Wong CM, Green PG, Kayhanian M, Young T. Sci Total Environ. 2008;398(1-3):

145-153.

ZAWARTOŒÆ MIEDZI, NIKLU I CHROMU W OSADACH ZBIORNIKÓW
WÓD DESZCZOWYCH USYTUOWANYCH WZD£U¯ DROGI KRAJOWEJ Nr 4

Katedra Chemii Rolnej i Œrodowiskowej
Uniwersytet Rolniczy im. Hugona Ko³³¹taja w Krakowie

Abstrakt: Celem pracy by³o okreœlenie poziomu zanieczyszczenia metalami ciê¿kimi osadów pobranych ze
zbiorników zlokalizowanych wzd³u¿ drogi krajowej nr 4 przyjmuj¹cych wody deszczowe. Osady pobrano
z 11 zbiorników w trzech terminach: maj 2007 r., kwiecieñ 2008 r. i czerwiec 2008 r. z miejscowoœci:
Su³ków, Biskupice, Bodzanów i Suchoraba na odcinku ok. 10 km. Osady wysuszono na powietrzu
i zmineralizowano na sucho i roztworzono w mieszaninie kwasów azotowego(V) i chlorowego(VII)
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w stosunku objêtoœciowym 3:2. W uzyskanych roztworach oznaczono ogóln¹ zawartoœæ miedzi, chromu oraz
niklu metod¹ ICP-AES.

Zawartoœæ miedzi w badanych osadach mieœci³a siê w granicach od 9,29 do 102 mg × kg–1. Œrednia dla
wszystkich próbek wynosi³a 34,94 mg × kg–1. Stê¿enie chromu w badanych osadach waha³o siê w granicach
12,6–58,1 mg Cr × kg–1, a œrednio wynosi³o 27,7 mg × kg–1. Iloœci niklu oznaczone w osadach ze zbiorników
wód opadowych mieœci³y siê w zakresie 7,57–25,62 mg Ni × kg–1. Œrednia zawartoœæ tego pierwiastka
wynosi³a 13,71 mg × kg–1. Zmiennoœæ (RSD) stê¿eñ badanych metali pomiêdzy poszczególnymi zbiornikami
waha³o siê w granicach 18–58 %. Iloœci badanych pierwiastków w osadach ze zbiorników przyjmuj¹cych
sp³ywy z drogi by³y znacznie mniejsze ni¿ stwierdzane w podobnych osadach w innych miastach na œwiecie.
Badane osady nie stanowi¹ zagro¿enia ze wzglêdu na zawartoœæ miedzi, niklu i chromu. Zaobserwowano
regularne zmniejszanie zawartoœci miedzi w miarê oddalania siê od aglomeracji krakowskiej. Zbiornik
usytuowany najbli¿ej Krakowa w Su³kowie oddalony jest o ok. 7 km od rogatek Krakowa i znajduje siê przy
granicy z miastem Wieliczka, natomiast zbiornik w Suchorabie jest oddalony o ok. 17 km od Krakowa. Na
tym odcinku zawartoœæ miedzi w osadach ze zbiorników wód deszczowych zmniejszy³a siê kilkakrotnie, co
wskazuje na znaczny wp³yw zanieczyszczeñ nap³ywaj¹cych z oœrodka miejskiego na poziom tego metalu
w osadach. W przypadku niklu i chromu nie zaobserwowano takiej zale¿noœci.

S³owa kluczowe: zbiorniki wód deszczowych, osady, zawartoœæ metali, Cu, Ni, Cr
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