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THE CONTENT OF LEAD, CADMIUM AND MERCURY
IN SEDIMENTS FROM RAINWATER RESERVOIRS
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Abstract: The paper aimed at determining the pollution lesfebediments collected from reservoirs receiving
rainwater. The sediments were sampled from11 ressran three dates: in May 2007, in April 2008 amdune
2008 in the following localities: Sulkow, Biskupicdodzanow and Suchoraba situated at a distance of
ca 15 from each other. The contents of lead, cadmimrarcury and organic matter were assessed in the
sediments. Lead content in the analysed sedimantged from 9.87 to 61 mgkg 2 with average for all samples
28.08 mg kg™. Mean cadmium concentration in the studied sedismems 0.637 mgkg™ and fluctuated from
0.20 to 1.58 mg Cdkg™. The quantities of mercury assessed in the sedinfesm rainwater reservoirs ranged
from 0.337 to 0.864 mg kg™ Considerable differences between studied metatemtrations were assessed
among the studied reservoirs, however the trenddiffefrences were similar at each sampling. Gehertdie
levels of cadmium and mercury assessed in the zethlgediments were comparable to the sediments from
urbanized areas of various cities in the world, whe lead level in the sediments of the analyseerveirs was
generally much lower than reported for similar mate in literature. Regularly decreasing conteatsall
elements with growing distance from the Krakow agwgtration was noted. The reservoir situated closest
Krakow, in Sulkow is located 7 km from the city molaries and borders on Wieliczka town, whereas the
reservoir in Suchoraba is located 17 km from Krakatthis distance metal concentrations in the reedits from
rainwater reservoirs were diminishing several timekich suggests considerable effect of urban poluon
metal level in these sediments.

Keywords: sediments from roads, stormwater ponds, lead, cadmercury

Environmental transformation conducted by humam®isected with growing number
of hardened areas. Landscape anthropization andriogvlarge areas with hardened
surfaces results in disturbing the natural watelieg in the environment [1]. Disrupting
the dynamic equilibrium between precipitations, evaseepage, outflow and evaporation
caused by the terrain sealing of leads to dimimisivater retention and intensified flood
phenomena during torrential rains. It has beermastid that in natural ecosystems the
amount of seeping water reaches 95%, whereas enizdd areas it is on average 30%.
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In city centers, 100% of water flows from the patkilots, roads and highways into to
surface waters. The environmental effects of serfagrdening involve intensification of
flood phenomena caused by a large wave of surfaweffs to the receiver connected with
destruction of the riverbed, occasionally increadeer pollution because of an inflow of
a large pollutant load supplied with torrentialnraunoffs, lowering of the lowest water
level in watercourses leading to the disappearaheater due to lack of feeding by ground
waters and reduction or disappearance of plant amchal life in rivers. Considerable
amounts of sewage flowing from the hardened areas p grave problem because of the
necessity of their disposal as they may contaih higounts of pollutants [2, 3]. Rainwater
runoff originating from urbanized areas containgro600 various xenobiotics which may
threaten the environment [4]. The most importartupents of the runoffs from urbanized
areas are organic matter, heavy metals, oil dérast chlorides or compounds extracted
with petroleum spirit [5]. Due to fast developmeftransport and urbanization, a negative
effect of sewage discharge from storm drainageesysion the neighboring water reservoirs
was observed in the second half of the twentiethiturg. Increasing the amount and
concentration of storm wastewater made necessamnake efforts at the wastewater
management. Among the methods of storm wastewétposhl are evaporating reservoirs,
retention and retention-infiltration reservoirs ssetimentation tanks. These structures are
used for collecting the runoff flow and its graduh$charge into the reservoir. Natural
processes of water self-purification in result oSgension sedimentation and pollutant
absorption on also takes place in the reservoiadl cadmium and mercury are the most
dangerous metals due to their considerable toxiciiygd common occurrence
in the environment. Numerous scientific publicaioeport substantial contents of these
elements in rainwater runoffs from roads and higtsvposing hazard to surface water
ecosystems [6, 7].

The investigations aimed at determining the costentead, cadmium and mercury in
the sediments in reservoirs collecting rainwatewihg from the road and situated along the
Sulkow-Suchoraba section of the national road 4.

Materials and methods

In 2007 and 2008 sediments were collected frommratgervoirs which are receivers
of rainwater runoff from the national road 4 alahg 10 km section between Sulkow and
Suchoraba villages. Technical parameters of thervess and the catchment were given in
Table 1. The samples were collected in May 2007Ajmil 2008 and in June 2008.
Analyzed were the sediments from 11 reservoiragtliin the following villages: Sulkow
(3 reservoirs), Biskupice (1 reservoir), Bodzano®& (eservoirs) and Suchoraba
(4 reservoirs). The sediments were collected froetbp layer to the depth of 10 cm. The
collected sediments were air-dried, dry mineralizeda muffle furnace at 450°C and
digested in a mixture of HCl@nd HNQ acids (2:3 volumetric ratio). Material prepared in
this way was dissolved in HCI and cadmium and le@ttentrations were determined using
ICP-AES method in JY 238 Ultrace apparatus (Johinrivemission). Mercury content was
assessed in air-dried sediments using AMA 254 speetter. Certified reference material
CRM 16-050 was used to check the correctness dfsasof the studied elements. In the
(Table 2) presents results of analyses of the eafer material and an estimated value of
recovery, based on analyses conducted in 4 reiplitsat
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Table 1
Characteristic of researched stormwater ponds
Capacity _ _ Area of total basin
No.of | Locasaton | o resenair | o me otetnton | Fardenea | Green | Fow
object | of reservoir \% Fy F,

[mI [min] [ha] [ha] [dm 357

1 Sulkow 118.4 31.1 0.29 1.85 71

2 Sulkow 176.9 29.4 0.29 5.97 119

3 Sulkow 86.2 29.7 0.18 2.67 58

4 Biskupice 93 24.2 0.39 2.58 77

5 Przebieczany 81.5 37.8 0.17 1.29 45

6 Bodzanow 98 25.8 0.62 0.69 87

7 Bodzanow 127 30.4 0.39 4.08 127
8 Suchoraba 101.6 27.2 0.36 2.64 95

9 Suchoraba - - 0.37 3.88 94
10 Suchoraba 194.8 32 0.36 5.17 119
11 Suchoraba 218 27.7 0.53 9.91 156

Table 2
Parameters of analysis method
Parameters Wavelengths Limit detection in certi fi((::g?:cein;aterial Measured | Recovery
[nm] [mg-kg~] [mg-kg™] [9-kg™ ] [%]

Pb 220.353 0.812 15 16.33 108.6|
Cd 228.802 0.040 0.4 0.426 106.5
Hg 254.000 0.0004 0.13 0.132 101.9

Results and discussion

Heavy metals are usual components of rainwater.s&iom of these elements is
connected will all kinds of human activity. Metalsitted into the atmosphere and absorbed
on dust particles fall to the ground surface angl washed out by rainwater. Strongly
athropogenically transformed catchments are cheriaetl by a fast water runoff and
concentration of storm wastewater within a smathaRainfall wastewater discharged into
small reservoirs may pose a serious hazard to Emaystems because of toxic compounds
entering food chain, therefore more and more fretipattention is focused on potential
contamination of anthropogenic water reservoirsm@aonication routes are the most
dangerous for the environment. Concentrations afyenetals and other pollutants from
roads and highways are generally much higher tham ity areas or compact suburban
built-up areas. The quantity and forms in which uyeaetals find their way into the
environment depend on the traffic density, kindsofface and its liability to washing out
and on the method of road drainage. A majority @\y metals which enter water with
surface runoffs binds to the suspension and, ifvseatation conditions are favourable, are
carried to the sediments [2, 8, 9]. Immobilizingitocompounds in sediments is a good
way to protect surface waters in the vicinity ofreounication routes with considerable
traffic capacity [10, 11].

Lead content in the sediments of the analyzed veser ranged from 9.87 to
61.37 mg- kg™ d.m. (Table 3). The highest concentrations weresses! in the sediments
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collected in June 2008, whereas the lowest in ¢ldémgents collected in May 2008 (Fig. 1).
Greater amounts of lead were observed in the ressrsituated closer to Krakow. Mean
content of this metal for all sampling dates frome8ervoirs situated closest to the city was
more than half higher than the same value for ésemoirs localized at a further distance
from Krakow. Changeability of this element contémtindividual reservoirs was constant
reaching about 36% in all studied sediments. Theumts of lead in the investigated
sediments were small and did not exceed the adi@skiad contents in the soil or earth
under protection [12], therefore it may be saidt s element poses no hazard to the
environment. Lead occurs commonly in surface rumdfforiginates both from fuel burning
and vehicles operation, but also from abrasiornirettand asphalt surfaces. Considerable
amounts of this element were also registered inrgineffs during the period when petrol
was enriched with lead tetrachloride, however Bakl [13] stated that despite abandoning
fuel lead supplements, traffic remains a seriouscaof this element. The same researchers
observed considerably exceeded admissible valudsadf in runoffs from the roads in
Norway. Values of lead concentrations in sedimenhthe investigated reservoirs were not
high and much lower than reported in literature. itBn{14] found this element
concentrations reaching 231-286 rmigy™in runoffs from American cities. Datry et al [15]
determined this element content in the sediments infiltration basins for rain runoffs in
the vicinity of Lyon on the level of 623-1148, whas Petavy et al [10] noted lead
concentrations in the sediments from roads in west&rance ranging from
183-424 mg- kg™ Birch and McCready [16] reported lead contentttie sediments
originating from urbanized areas in Sydney on el of 880 mg kg™, while Murakami

et al [17] determined this metal level in the segtlits from runoffs from the roads in Tokyo
up to 210 mg kg™
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Fig. 1. Lead content in sediment from rainfall psnd

Jartun et al [18] reported mean content of leathinsediments of runoffs in Bergen,
Norway on the level of 126 mgkg™ On the other hand Krolikowski et al [19] register
average lead contents in the sediments from rdetsinn Bialystok on the level of
13-44 mg- kg, but the amounts of this element in the sediméwots retention basins
ranged between 50 and 300 mkg™. Jagus et al [20] found lead concentrations batwee
15 and 16 mg kg™ in the bottom sediments of the Irkutsk reservBmall content of lead
in the sediments from the analyzed reservoirs raaylt from dilution of these pollutants by
the material eroded from the catchment area or pedimentation conditions in result of
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which the finest suspension fraction is drainedh reservoirs together with considerable
amounts of metals.

Table 3
Characteristic of researched stormwater ponds
. . . Variability
Successive min max mean median -
Element sampling coefficient
[mg - kgd.m ] [%0]
| 14.21 42.58 25.56 25.75 37
Pb Il 9.87 36.00 23.32 24.64 36
11l 13.06 61.37 35.35 38.18 38
[ 0.20 121 0.551 0.5 55
Cd Il 0.238 1.58 0.621 0.55 61
1] 0.294 1.30 0.738 0.769 37
| 0.0337 0.837 0.141 0.059 166
Hg Il 0.0420 0.643 0.11 0.089 110
11l 0.0379 0.864 0.162 0.083 149

Mean concentration of cadmium in the analyzed sedisnfrom rainwater reservoirs
was 0.637 mg kg™ and fluctuated from 0.2 to 1.58 mgg™ (Table 3). Similarly as for
lead, the smallest quantities of Cd were foundhim $ediments collected during the first
sampling, whereas the highest were assessed insetaments taken in June 2008
(3 sampling). The highest quantities of this elenvesite assessed in the reservoirs situated
in the closest vicinity of Krakow (Fig. 2). Averader the three samplings from objects
1-6 was 0.805 mg kg™, whereas for reservoirs 7-11 it reached 0.435kgg". With
growing distance from the agglomeration cadmiunmellem the sediments was falling
regularly. Relative standard deviation for sedimeéndm all reservoirs fluctuated between
37 and 60%, it was the lowest for the first sangplmd the highest for the third. Cadmium
guantities in the studied sediments were low addhdi pose any hazard to the environment
because they did not exceed admissible contertteeisoil or earth under protection [12].
Rozenkratz et al [4] reported similar cadmium cotgen the level of 0.6-1.9 mgkg™in
the infiltration basins of rainwater in the Melboarenvirons, whereas Datry et al [15]
determined this metal content in the sediments firdfiftration basins of rainwater runoffs
in the vicinity of Lyon within the 1.3-3.8 mgkg ™ range. Petavy et al [10] found cadmium
concentrations between 0.6 and 0.8 mig™ in infiltration basins in western France,
depending on fraction size. Krolikowski et al [1&tained lower results, on the level of
0.12-0.26 mg kg™, for cadmium concentrations in the sediments fraimwater inlets.

Jartun [18] reports an average cadmium contenthén dediments from rainwater
runoffs in Bergen environs on the level of 1.3 mig™. Cadmium registered in rainwater
runoffs from roads and highways originates prinyafibm tires abrasion, whereas some
amounts enter the environment from liquid fuel lngn The results of cadmium content in
the sediments of analyzed reservoirs are approgitoaits amounts registered in reservoirs
in different cities in the world.

Because of its specific cycling in the environmengrcury is always a component of
rainwater. This element compounds fall and findrthvay to surface waters during rainfall.
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Fig. 2. Cadmium content in sediment from rainfalhgs
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Fig. 3. Mercury content in sediment from rainfadinals

The most important anthropogenic sources of mertutiie environment are burning
of coal and liquid fuels and some industrieg €hlorine production). Small amounts also
leach from road surfaces. Checking this elementuasoin road runoffs is extremely
important because of potential enrichment of serfa@ter used for fish farming [21].
In many agglomerations rainwater is collected sereoirs of surface waters which are used
for recreation,eg for angling. Mercury is an element easily bioacalated in water
environment, therefore it poses a hazard to people eat fish. At considerable mercury
deposition it may accumulate in bottom depositetiogr with falling suspensions. Mercury,
temporarily immobilized in bottom sediments, may foebilized and provide a serious
source of this element. Tomyiasuet al [21] foundrauey contents on the level of
ca 3.7 mg- kg in the top layer of sediments in Minamata Bay. Bhee authors stated
that bottom deposits still provide a serious sowtenercury in Minamata Bay waters
despite the fact that presently there is no emissfdahis element in this region. Mercury in
sediments does not remain long on the same ldvelefore at moderate amounts of this
element finding their way to the environment nar@ased concentrations in sediments have
been observed. Urlih et al [22] conducted reseamchmercury accumulation in water
ecosystem of the Nura River in central Kazakhstanich is the region most seriously
contaminated with sewage from acetaldehyde fadtotlyis country. The researchers found
mercury concentrations in the river below the facion the level exceeding 0.3 még™,
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whereas the concentrations in the river sediment&n? below the factory were
96 mg- kg™. The value in the sediments above the factory@@86 mg kg™. At so high
mercury concentrations in water and sediments ritésal accumulation in fish muscles
increases even to 0.8 mgkg™ of fresh mass. It is a serious hazard to poteriisl
consumers. Mercury amounts assessed in sediments fainwater reservoirs ranged
between 0.0337 and 0.864 mkg ™ (Table 3). Like in case of lead and cadmium théd
amounts were found in sediments collected in Jur@82 and the Ilowest
in June 2007 (Fig. 3).

Irrespective of the sampling date, the highest entrations of mercury were noted in
sediments collected from reservoirs localized ie thosest vicinity to Krakow. Mean
content of this element in 6 reservoirs closesKtakow was over 4 times higher than
average content in the other reservoirs situatgtidu from the city. Considerable amounts
of mercury were found in the reservoir in Przeb&ugzvillage. It indicates possible point
source pollution with this element. Rosenkrantaled] found very low concentrations of
this element, below 0.05 mdg™ in the sediments from urban areas of Melbournereds
the other metal contents in these sediments wene high. Jartun et al [18] determined
mercury content in the sediments from runoffs imftinity of Bergen for 2.81 mgkgat
an average of 0.8 mg kg™, whereas Schiff and Bay [23] registered these efgm
concentrations in Ballona and Malibu Bays in Sariknica on the level of
0.018-0.08 mg kg ™. Both bays remain under strong influence of thg dilercury content
in the sediments from the analyzed reservoirs @pproximate to the quantities assessed in
the sediments from the runoffs from anthropogeréas reported by other authors.

Conclusions

1. Considerable differences were assessed in thertert€lead, cadmium and mercury
among the analyzed reservoirs, irrespective ofltbiances between them.

2. Differences in concentrations were observed widpeet to sampling date, however
the trends of differences were similar at each siamp

3. Lead contents in the sediments from evaporatioerveg's were considerably smaller
than this element amounts noted in rainwater redarin other cities in the world.

4. Concentrations of cadmium and mercury observedhé analyzed sediments were
comparable to this element content in rainwateinsexts from other places of the
earth.

5. With growing distance from Krakow agglomeration centrations of all investigated
metals were diminishing, which evidences a considler share of pollutants
originating in the city and transported by the wind
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Abstrakt: Celem pracy byto okséenie poziomu zanieczyszczenia osadow pobranych zlzernikow
przyjmugcych wody deszczowe. Osady pobrano z 11 zbiornidwvzech terminach: maj 2007 r., kwietie
2008 r. i czerwiec 2008 r. z miejscosed Sutkdw, Biskupice, Bodzanéw i Suchoraba na okigiok. 15 km.
W osadach oznaczono zawati@towiu, kadmu, gci oraz materii organicznej. Zawastootowiu w badanych
osadach ksztattowalagsiv granicach 9,87-61 mg - KgSrednia dla wszystkich prébek wynosita 28,08 mg=tkg
Srednie stzenie kadmu w badanych osadach wynosito 0,637 mgg® k wahalo s w granicach
0,20-1,58 mg - Kg. llosci rteci oznaczone w osadach ze zbiornikéw wéd opadowyicity sie od
0,0337 do 0,864 mg - kg Stwierdzono znaczne idice stzen badanych metali porgizy poszczegélnymi
zbiornikami, jednak trendy #iic w kazdym poborze byly podobne. Generalnie poziomy kadmtgci
w badanych osadach byly poréwnywalne do osadéwpkevéw z terendw zurbanizowanychzriych miast na
Swiecie, natomiast poziom otowiu w osadach badargmbrnikéw byt generalnie do nizszy niz podaj dane
literaturowe dla podobnych materiatdbw. Zaobserwawaregularne zmniejszanie zawddb wszystkich
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pierwiastkbw w miag oddalania si od aglomeracji krakowskiej. Zbiornik usytuowanyjblizej Krakowa
w Sutkowie oddalony jest o ok. 7 km od rogatek Knak i znajduje si przy granicy z miastem Wieliczka,
natomiast zbiornik w Suchorabie jest oddalony o Bk.km od Krakowa. Na tej odlegl zawarté¢ metali
w osadach ze zbiornikbw wod deszczowych zmniejszMa kilkukrotnie, co sugeruje znaczny wplyw
zanieczyszczemiejskich na poziom metali w osadach.

Stowa kluczowe:osady z drég, zbiorniki wéd opadowych, otéw, kadify,



