
A b s t r a c t. The effect of intensive irrigation with wastewater

on the zinc (Zn) and cadmium (Cd) concentration in soil solution

was investigated. The experiment was parallel conducted on two

soil profiles. The soil microcosms were watered with purified

wastewater and purified wastewater with an the addition of zinc

and cadmium. The results indicate clearly that neither intensive

overhead irrigation of the soil nor its flooding with these waste-

water and exceeded sorptive capacity. The application of treated

wastewater and wastewater with heavy metals addition did not

appear to pose a threat to the natural environment. In all the cases

under analysis, zinc and cadmium concentrations in the soil

solution were several-fold lower than the permissible levels.
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INTRODUCTION

Heavy metals commonly occur in soils, due to their

release from the parent rocks in the course of soil formation.

Their natural concentration, generally do not pose a threat to

the ecosystems (Basta et al., 2005). Undesirable concentra-

tion of metals can occur in soil as a result of agricultural and

anthropogenic activities (Hayian and Stuanos, 2003). The

protective role of the soil lasts as long as its biogeochemical

balance is not disturbed. Thanks to its sorptive properties,

the soil acts as a natural filter and absorbs, among other

things, toxic compounds (Malkoc et al., 2010). Soil profile

represents a major sink for heavy metals in the terrestrial

environment (Foster and Charlesworth, 1996). It is evident

that heavy metals introduced with compost or wastewater

cause the accumulation of soil organic matter (Hanc et al.,

2008) and decrease the turnover rate of organic matter, pre-

sumably because of inhibitory effects of heavy metals on

microbial biomass. The sorption of heavy metals by organic

matter retards metal movement within the soil environment

and reduces the potential for toxicity. Usman et al. (2005)

found that the addition of clay minerals, especially of

Na-bentonite and Ca-bentonite, decreases the extractability

of zinc (Zn), cadmium (Cd), copper (Cu) and nickel (Ni) du-

ring incubation. Soil reaction (pH) largely determines the

mobility and bioavailability of heavy metals with increasing

acidification (Kashem and Singh, 2001). Change in soil rea-

ction in alkaline direction reduces the uptake of heavy me-

tals by plants and inhibits their migration to the groundwater

(Gondek et al., 2010; Lepp and Madejón, 2007; Li et al.,

2010; Singh and Agrawal, 2007). It was found that a wood-

land dominated by willow (Salix) represented a potentially

sustainable remediation option for sequestration of zinc and

cadmium through the soil and willow downloads (uptake)

(Guo and Marschner, 1995).

In some cases industrial wastewater constitutes a se-

rious threat for the water environment, but on the other hand

draining liquid wastes to the ground is the oldest form of

their disposal (Mehler, 2010). It is the most natural method,

as the substances return to the point of their introduction, and

also the process of circulation of matter. A study conducted

by Stêpniewska et al. (2009, 2010) did not show any nega-

tive effect of metals (Mn, Ni, Pb) from wastewater after the

2nd stage of purification on the growth and yielding of grass

communities. The drainage of wastewater to the ground and

their agricultural utilization constitute an alternative solu-

tion of the problem of protecting the quality of water in re-

servoirs (Juhler et al., 2001).

In the soil zinc is found as ions bound by soil minerals

and organic matter, in plants it regulates the metabolism of car-

bohydrate and protein compounds and occurs in enzymes.

Excessive concentration of zinc inhibits the activity of pro-

teins bonding calcium and affects the copper and iron economy.

Zinc is an element of generally limited mobility in soil and
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its content in the arable soils varies between 25 and 300 mg

kg
-1

. Changes in soil reaction (pH) in the alkaline direction,

high content of PO4
2-

, high content of organic matter and low

moisture may retard the availability of zinc. Low reaction of

soil is the primary factor that is conducive to zinc migration

(Andevsson and Nillson, 1974; Sanders et al., 2006).

Cadmium is a heavy metal that is described as highly

toxic to some organisms in nature (Alloway, 1990; Mann,

2002). Cadmium belongs to a group of elements that display

very rarely physiological function. Lune et al. (2005) found

that the ocean biota contains a vast reservoir of genomic

diversity. They presented the sequence and preliminary

characterization of a protein that is a cadmium-containing

carbonic anhydrase from the marine diatom Thalassiosira

weissflogii. The existence of a cadmium enzyme in marine

phytoplankton may indicate that there is a unique selection

pressure for metalloenzymes in the marine environment.

Its solubility in soil depends on soil reaction; for

example, as soil pH increases soluble forms of cadmium

decrease (Andevsson and Nillson, 1974). Even relatively

low amounts of the metal may have a toxic effect on living

organisms (28-day EC50sto soil invertebrates range from

0.01 to >1000 mg kg
-1

(Ecotox, 2010). Soil acidity itself

tends to increase the solubility and availability of cadmium,

and this may increase concentration in some of the tissues of

certain plants consumed by animals and humans. Cadmium

can be toxic to species occupying trophic levels from primary

consumers to upper trophic consumers. Moreover, cadmium,

because of its similarity in molecular size and charge, can

substitute for essential metals in several biochemical path-

ways, with resulting toxicity. Among others, Cd also inter-

feres with Ca functioning in cells by blocking or competing

for uptake (Stoiber and Shafer, 2010). Intensive irrigation of

soils with wastewater constitutes a potential hazard from

heavy metal accumulation in amounts that exceed their

permissible concentration in soil solutions.

The quantity of municipal and rural wastewater dis-

charged has substantially increased over the last twenty

years. Thus efficiently treating wastewater is essential given

the potential discharging substantial concentrations of me-

tals The membrane biological reactors (MBR system con-

sists of a suspended-growth biological reactor combined with

a membrane ultrafiltration unit process) seem to be the futu-

re for solving wastewater purification problem (Witkowska,

2007). The MBR installation permits the modernization of

existing wastewater treatments, decentralization of waste-

water purification, as well as the building of near-house

treatment systems with possibility of using the purified

wastewater, among others, for watering (Wei et al., 2003;

Zhou and Smith, 2001). Recent results of investigations

have showed that MBR removes nearly of 90% of N com-

pounds and average 46% of P compounds (totalled with pre-

cipitating compounds). However, the use of these modern

devices does not allow to stop the accumulation of heavy

metals (Clara et al., 2005; Fan et al., 2006; Gonzáles et al.,

2006; Holakoo, 2007).

The aim of this study was to examine the possibility to

which organic soil can be useful for wastewater purification

with their natural charge of zinc and cadmium as well as

under increased concentrations.

MATERIALS AND METHODS

The study was conducted on two soil profiles (30 cm in

diameter and 100 cm high) in laboratory conditions. The plot

was tilled as a grassland and drained. The ground water table

was stabilized at 60-70 cm depth. Two soil profiles (mono-

liths) were taken in their natural state from a drained grass-

land plot located near wastewater treatment plant (WWTP)

Hajdów close to Lublin city (SE Poland), which was experi-

mental plot irrigated with wastewater (3rd stage wastewater

purification). After the collection of soil microcosms the ini-

tial concentration of heavy metals in soil solutions of the test

plot at different profile levels was measured (natural soil – NS).

The plot was irrigated with purified wastewater (after 2nd

stage – mechanical-biological purification) from the WWTP

Hajdów until the soil microcosms collection. The two soil

microcosm were transported to the laboratory and secured

by wrapping their side surfaces with fabric saturated with an

epoxy resin. The soil microcosms prepared in this way were

placed in specially prepared containers with water solution cor-

responding to that of the ground water composition from the

area of sampling. Methods for characterization composition

and parameters measured are described by W³odarczyk and

Kotowska (2005). Six ceramic filters were placed for soil solu-

tion sampling with tube derived from outside the microcosm

at every 15 cm (starting from 15 cm at soil surface) in each of

them. At the end of the tubes were needles to pull the so-

lution through a vacuum produced in bottles (Fig. 1).

The microcosms were built of a muck soil developed

from intensively mineralized peat. The surface (0-5 cm)

layer of the soil microcosm was turf, the deeper parts were

muck (till 40 cm) and peat layers with mineral elements and
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Fig. 1. Scheme of the studied soil microcosm.



ferruginous precipitations. Organic matter content in the soil

profile varied from 17.1 to 38.8 g 100 g
-1

(its content in the

soil profile was as follows: 0-10 cm – 17.1, 10-30 cm – 24.6,

30-50 cm – 38.8, 50-70 cm – 31.0), CaCO3 from 1 to 7 g 100 g
-1

,

and pHKCl was from 7.14 to 7.18. Bulk soil density was 0.77

(±0.05 as standard error) g cm
-3

. The total and differential

porosity were determined using the standard pressure cham-

bers (Soil Moisture Equipment Comp., Santa Barbara, USA).

Water conductivity in the saturated zone of the soil was mea-

sured by means of a permeameter (Eijkelkamp Comp., Gies-

beck, the Netherlands), whereas unsaturated conductivity of

the soil – using the Time Domain Reflectometer (TDR-meter

– Easy Test Comp., Lublin, Poland) (Walczak et al., 2001;

W³odarczyk and Witkowska-Walczak, 2006).

Before the main experiment, two soil microcosms were

watered with rainfall water (from pluviometer) by sprinkler

during 10 days (three times a day). The total amount watered

was 10 mm, the mean day rainfall for this area during the

vegetation period. This procedure established uniform con-

ditions during the study.

After 10 days of watered with rainfall water:

– 1st soil microcosm was watered with the wastewater every

five days in five irrigation series. Analyses were done

after 1st, 2nd, 4th and 5th day after irrigation (the average

values of the five irrigation series are shown as data). The

wastewater was applied to the microcosm surface once in

the amount of 80 mm;

– 2nd soil microcosm was watered in parallel with the

wastewater and with heavy metals addition in the follow-

ing amounts: zinc – 500 µg dm
-3

and cadmium – 15 µg dm
-3

.

Layer of solution in which the microcosms were im-

mersed during the experiment was maintained at a level of

several centimeters.

The soil solutions were sampled systematically and Zn

and Cd concentrations were measured by the standard

methods using an ASA spectrophotometer (Hitachi type

Z-8200). In parallel, pH values were measured by an Orion

model 231 pH-meter.

RESULTS AND DISCUSSION

The physicochemical properties of wastewater used for

irrigation are presented in Table 1. It can be stated that they

are near the average values observed during the last 10 years

in the municipal wastewater from Lublin. Their variability

showed that pH values fell within the range of 6.47-8.41.

Zinc and cadmium occurred in amounts not exceeding the

permissible (according to Polish standard) concentration for

wastewater heavy metals introduced into the soil. The con-

centrations of heavy metals do not display seasonal changes.

Within a 24-hour period the concentration of zinc may vary

within a broad range of 20-360 µg dm
-3

, whereas, the mean

weekly concentrations of zinc fall within the range of 114-

242 µg dm
-3

. Cadmium concentration varies within the range

of 0-31 µg dm
-3

, most often averages about 12 µg dm
-3

, and

often is not observed. It is clear that the concentration of

heavy metals in the wastewater depends on whether the tech-

nological processes in the treatment plant are running pro-

perly, especially the 2nd stage of purification with the biolo-

gically active sediment. Heavy metals are absorbed to a con-

siderable extent by the biologically active sediment, provi-

ded it is not disturbed by physical or biological conditions.

The characteristics of the wastewater used for the irrigations

are detailed in Table 1. pH averaged – 7.2, Zn concentration

– 195 µg dm
-3

and Cd – 14 µg dm
-3

. Metal concentrations

meet Polish requirements for wastewater introduced in the

soil, with respect to heavy metals (Zn < 2 000 µg dm
-3

, Cd

< 100 µg dm
-3

) (Kotowski, 1998).

Intensive irrigation of the soil microcosms with simu-

lated rain under laboratory conditions did not cause any

notable changes in the soil reaction. The pH values sampled

under laboratory conditions varied between 7.3 and 7.7 and

they were almost identical to those sampled under natural

conditions, with slightly higher values (7.9) observed from

time to time. Long-lasting rains usually cause an increase of

soil acidification. Because of the short duration of these ex-

periment we did not measure an increase in soil acidification

that is usually occurs following natural rainfall.

The hydrophysical characteristics of the soil of which

the microcosms were built created good conditions for water

retention and movement. The total porosity of nearly 80%

vol. indicates that the studied soil is capable of holding

amounts of water of all categories. The amount of free water

ie water subjected to the effect of gravity, was 26% vol. that

of capillary water – 54% vol., and within that, water un-

available to plants ie very strong bound to soil – 28% vol.

Such a characteristic of static hydraulic properties caused

the dynamics of soil waters in the experimental object to be

favourable. The out flow occurred at the rate of 183 cm day
-1

in soil fully saturated with wastewater. When the soil is not
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Parameters Units
Wastewater

(applied) Wastewater*

pH - 7.2 6.47-8.41

Ntot mg dm-3 31.3 22.3-43.6

Ptot mg dm-3 4.3 3.6-6.9

Na+ mg dm-3 50.8 24.3-69.4

K+ mg dm-3 10.7 11.8-27.7

Ca2+ mg dm-3 69.8 58.4-89.2

Mg2+ mg dm-3 14.5 12.5-18.4

Zn µg dm-3 195.0 20-360

Cd µg dm-3 14.0 0-31

*Range of max and min values observed in 2001-2010.

T a b l e  1. Physicochemical parameters of the used wastewater



saturated with water ie after the wetting front goes down to

the ground water table, the hydraulic conductivity coeffi-

cient decreases. In extreme conditions for the studied soil

microcosms (depth of ground water table equal to 90 cm), its

values at the surface are from 3 to 1 cm day
-1

. Nearly the

same conditions for the water retention and movement for

organic soils have been reported (Walczak et al., 2001;

W³odarczyk and Witkowska-Walczak, 2006).

Irrigation of the soil microcosms with simulated rain

(SR) under laboratory conditions did not cause any greater

increase in zinc concentration in the soil solutions during the

ten-day period of irrigation (Fig. 2a) as compared to the

mean concentration of Zn in soil solution under natural

conditions (NS), except for the depths of 45-75 cm on the 8th

and 10th day of analysis. On the 4th day of analysis Zn

concentration in the whole profile was lower than in the

control soil. The average concentration of Zn for 10 days of

irrigation was lower than or equal to the concentration of Zn

in the natural soil (Fig. 2b).

Simulated intensive rainfall caused an increase in

cadmium concentrations (Fig. 3a) during the 10-day period

of irrigation, in the first 15 cm of soil profile in particular,

compared to the mean concentration of Zn in soil solution

under natural conditions. It appears that intensive overhead

irrigation clearly differentiates Cd concentrations within the

microcosm profile, and increases its concentrations in the

upper layers (to 45 cm) of the microcosm soil compared to

the natural concentration of this element in the soil, especial-

ly on the 4th and 6th day of experiment. On the 10th day of

the experiment Cd concentration dropped below the natural

content in soil. The average concentration of Cd for 10 days

of irrigation was clearly higher in the upper layers (to 45 cm)

compared to the concentration of Zn in the natural soil (Fig. 3b).

However, simulated intensive rainfall did not cause the libe-

ration and accumulation of Cd in concentrations exceeding

the average content of Cd in unpolluted arable soils, but was

much lower.

The occurrence of heavy metals selected for the study in

the soil solution at the same level of concentration or slightly

higher as in the natural conditions may indicate that in-

creased intensity of precipitation should not cause their re-

lease for the soil in amounts exceeding the allowable con-

tents of Zn (33 000 µg dm
-3

) and Cd (220 µg dm
-3

) in Polish

unpolluted arable soils (Kotowski, 1998).

Irrigation of the soil microcosms with the wastewater at

large single dose had no effect on the pH value, but caused

notable changes in concentrations of heavy metals. Zinc con-

centration in the solution increased with time, especially in

the top layer of the microcosm during first two days (Fig. 4a).

A distinctly greater intensity of Zn release to the solution

was observed only in the upper layers (to 45 cm) as compa-

red to the intensive overhead irrigation, especially at 15 cm.

Whereas, in the deeper horizon of soil zinc concentration

was significantly lower than in the microcosm sprinkled for

10 days. It was found that zinc concentration in the solution

from the microcosm irrigated with wastewater reached a va-

lue lower than or comparable to Zn concentration attained in

the natural soil, except of three measuring samples from

upper layer and later days after irrigations. It should be as-

sumed that organic soil irrigation with treated sewage may

release additional amounts of zinc to the soil solution

compared to mean concentration of zinc in the natural soil.
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Fig. 2. Concentration (means ± SE) of Zn in soil microcosms irrigated with simulated rain (a) and an average value (means ± SE) from 10

days of experiment (SR) (b) compared to concentration in natural soil (NS).
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When zinc was added to the wastewater in the amount of 500 ìg

dm
-3

it was found that Zn concentration in the upper layers

of the soil was 320-430 ìg dm
-3

(Fig. 4b) and exceed the

highest initial level of zinc concentration of 360 ìg dm
-3

in

the wastewater, but was much lower than the sum of the

concentrations Zn added and in wastewater (195+500 ìg

dm
-3

). This indicates immediate sorption of a part of the zinc

in the soil. Zn concentration decreased with depth and with

time from the moment of irrigation of the microcosm. The

highest concentration of zinc in the soil solution from the

microcosm was observed in the upper layers (to 45 cm) for

the initial four days of analysis compared to the concen-

tration of Zn in sprinkled microcosm (Fig. 4b). On the fifth

day after irrigation Zn concentration dropped to the amount
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Fig. 3. Concentration (means ± SE) of Cd in soil microcosms irrigated with simulated rain (a) and an average value (means ± SE) from 10

days of experiment (SR) (b) compared to concentration in natural soil (NS).

Fig. 4. Concentration (means ± SE) of Zn in soil microcosms irrigated wastewater (a) and irrigated with wastewater + Zn addition (b)

compared to concentration in natural soil (NS) and simulated rain from 10th day of experiment (SR 10d).
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of overhead irrigation microcosm throughout the soil pro-

file. Significantly lower concentration of Zn was observed

in the lower parts of the profile and it was similar to the

amount of Zn in the overhead irrigation microcosm. The

presence of heavy metals in soil solution only in the upper

horizons of the soil is an excellent opportunity for their

uptake by plants and thus their removal from the soil and

from the applied liquid sewage.

Comparison of the effect of irrigation with wastewater

enriched with heavy metals with Zn concentration in natural

conditions showed that the Zn content in the monolit with

wastewater was generally higher. On the 5th day from the

irrigation, zinc concentration in the soil solution from the

microcosm irrigated with wastewater with heavy metals

addition, up to the horizon of 45 cm, and from 60 to 90 cm at

4th day, was lower than the concentration of that element in

the natural soil. This indicates high sorptive capacity of the

soil under study with relation to zinc, especially in lower

horizon of soil profile. However, one should take into

consideration the time-limited fluctuation in Zn solubility

due to dissolved organic carbon. It was found that dissolved

organic carbon affected zinc solubility, because water-

extractable Zn increased with dissolved organic carbon

going up probably due to a flash in the microbial activity

(Antoniadis et al., 2007).

Comparing the average zinc concentrations in the

microcosms irrigated with wastewater and wastewater with

heavy metals (Fig. 5) addition it can be concluded that zinc

contained in the wastewater was absorbed by the soil to the

concentration of its content in the sprinkled and natural soils.

Considering the average concentration of zinc from five

days of analysis, zinc addition in an amount of 500 ìg dm
-3

caused an increase of Zn concentration in the soil micro-

cosm from 165 ìg dm
-3

(at 15 cm) to 6 ìg dm
-3

(at 90 cm)

compared to natural soil. This means that the entire zinc

contents in the wastewater may be absorbed by the soil,

while in the case of zinc addition almost all of its quantity

was absorbed in the lower parts of microcosms and slightly

lower absorption was observed at their upper part.

Wastewater introduction to the microcosm clearly

increases cadmium concentration at depths of 15 and 30 cm

compared to the sprinkled microcosm and the natural soil

(Fig. 6a). Below this level the concentration of Cd was

subject to large fluctuations, irrespective of the level within

the microcosms and day of analysis, compared to the

sprinkled and natural soils. In principle, the concentration of

Cd decreased with depth in the microcosm and, in all cases

under consideration, did not exceed the concentration of waste-

water added. Therefore, the application of treated sewage

should not result in the introduction of significant quantities

of cadmium to the ground waters as compared to intensive

rainfall. Also, no significant increase was observed in Cd

concentration compared to the amount released from the

natural soil.

When cadmium was added to the treated wastewater at

the rate of 15 ìg dm
-3

, after the first day from the moment of

its application, in the upper layers of the soil (15 to 45 cm)

average concentration of cadmium was 26.9 ìg dm
-3

, and in

the lower horizons (from 60 to 90 cm) 10.2 ìg dm
-3

(Fig. 6b).

These concentrations were comparable to the average value

for treated sewage water application, as well as in the case of

irrigation with simulated rain or somewhat higher than those

observed under natural conditions, but only in the upper

layer. This may indicate that cadmium was absorbed by the

soil studied and that even under conditions of very intensive

irrigation its concentration in soil solutions did not increase

above Cd concentration in wastewater. Cadmium can also

form complexes with organic substances contained in treat-

ed sewage and be absorbed by the humus substances of the

soil. Previous studies showed that cadmium contained in

municipal sewage occurs mainly in complex or chelate orga-

nic compounds, which facilitates its uptake by plants (Guo

and Marschner, 1995; Hanc, 2008).

Below 30 cm cadmium concentration fluctuated irres-

pective of the depth and day of analysis compared to sprinkl-

ed and natural soils. Those fluctuations mean that Cd was

less retained by the soil sorption complex than Zn. The ave-

rage cadmium concentrations from five days of analysis in

the microcosm with the addition of wastewater and waste-

water enriched with added Cd are shown in Fig.7. Based on
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Fig. 5. Average value of Zn in soil microcosms irrigated waste-

water and irrigated with wastewater + Zn addition (means ± SE)

from 5 days of experiment compared to concentration in natural soil

(NS) and simulated rain from 10th day of experiment (SR 10d).
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a comparison of average Cd concentrations in the two mono-

liths, it can be concluded that Cd contained in the wastewater

was partly absorbed by the soil. It was on average 41 and

17% higher than the Cd content in the sprinkled and natural

soils, respectively. The Cd addition (15 ìg dm
-3

) caused an

increase in the Cd concentration in the soil profile. It was on

average 27, 79, and 48% higher than the Cd content in the

wastewater enriched microcosm, the sprinkled soil and the

natural soils, respectively. This means that only a part of the

added cadmium was absorbed by the soil. Taking into

account Cd added initially in the form of wastewater and in

wastewater with cadmium solution (14 and 29 ìg dm
-3

)

average cadmium concentrations were higher than those in

wastewater (14 ìg dm
-3

). However, there were three excep-

tions, all from the deepest soil horizons. Strongly lower ab-

sorption was observed at the upper parts of soil profiles com-

pared to the deeper ones. This phenomenon was observed

for both elements. Generally, the proportion of Zn and Cd in

the soil profile varies depending on various factors. One of

the most important factors is the content of substance which

forms a rather stable combination (binding) with zinc and

cadmium. Organic matter content in the investigated soils

increased with depth but the concentration of both elements

decreased with depth in the microcosms soil. This means

that the ability to absorb the added elements was lower in the

upper levels of soil profiles compared to lower ones and

closely associated with organic matter content.

The concentration of measured Zn and Cd were similar

in the soil solutions from samples from both the natural

conditions and the intensively watered with wastewater

conditions. This may indicate that significant transport of

metals in soils irrigated with metal-polluted wastewater

should not occur. It means that the soil retained the Zn and

Cd regardless of concentration applied in the experiment.

Noteworthy are the almost comparable or slightly higher

concentrations of the metals studied within the microcosm

profile in the case of overhead irrigation and of wastewater

application, in comparable time of experiment. It may sug-

gest that the application of wastewater for irrigation for the

purpose of its further purification, even at higher rates,

should not result in the release of heavy metals to the soil so-

lution in amounts greater than in the case of intensive rain-

fall. In the case of zinc there was even a slight decrease in its

concentration in relation to the simulated overhead irri-

gation in deeper horizons, which may be due to complexa-

tion of that element by organic matter contained in the waste-

water. Thus, the application of treated sewage under the con-

ditions of organic soil does not pose a threat to the natural

environment as in all the cases under analysis the concen-

trations of Zn and Cd in the soil solution were several-fold

lower than the average contents of Zn and Cd in Polish

unpolluted arable soils (Kotowski, 1998; Stêpniewska et al.,

2009, 2010).
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Fig. 6. Concentration (means ± SE) of Cd in soil microcosms irrigated wastewater (a) and irrigated with wastewater + Cd addition (b)

compared to concentration in natural soil (NS) and simulated rain from 10th day of experiment (SR 10d).
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Obtained results showed that even wastewater amended

with heavy metals did not cause any additional liberation

and accumulation of Zn and Cd in the studied peat-muck soil

in amounts exceeding permissible concentration in Polish

arable land. Furthermore results indicate that the average

concentration of zinc in the whole soil profile was at the

level of purity by first-class Polish standards for ground-

water (500 µg dm
-3

), while the concentration of cadmium in

the profile from 15 to 75cm meets the requirements for fifth

class of purity (> 10 µg dm
-3

) and in the lowest part of soil

profile (75-90 cm) corresponds to the requirements of class

fourth (10 µg dm
-3

) (PKN, 2004). Moreover, the range of Zn

concentration do not appear to adversely affect microbiolo-

gical processes (Gondek et al., 2010; Mann et al., 2002;

Sanders et al., 2006; Singh and Agrawal, 2007). According

to previous studies (Gondek et al., 2010; Guo and Marschner,

1995; Mann et al., 2002; Usman et al., 2005) , 10
6

ìg dm
-3

of

Zn content influences negatively most microbiological acti-

vity. Even nitrification could occur because only 10
5

ìg dm
-3

of Zn can limit this process. It means that the studied peat-

muck soil can be used for the heavy metals utilization in

conditions similar to studies . The results indicate, given the

conditions studied that neither intensive overhead irrigation

of the soil nor its irrigation with wastewater amended with

heavy metals not exceeded the sorptive capacity of the

studied soil with respect to Cd and Zn. The effect of the soil

studied should be considered in two aspects:

– the effect of overhead irrigation on the release of heavy

metals,

– the effect of wastewater amended with heavy metals on

the sorptive capacity.

The duration of overhead irrigation adopted in the

experiment did not cause acidification of the soil, typical for

intensive and long-lasting rainfalls, which indicates good

buffering capacity of the studied soil. But may be the dura-

tion (10 days) was not long enough to observe whether acidi-

fication would have occurred. Alkaline reaction of the stu-

died soil solutions and their content of organic matter counter-

acted the release of heavy metals to the soil solution during

the overhead irrigation. A similar phenomenon was observed

in the case of application of wastewater and wastewater

amended with heavy metals. The alkaline reaction of the

soil, in conjunction with its organic matter content, consti-

tuted a sufficient barrier for maintaining heavy metals in

their insoluble forms. In general, it can be stated that both

intensive rainfalls and irrigation of the soil with wastewater

with increased content of heavy metals, in doses comparable

to those used in the experiment, do not pose a hazard of

heavy metals contamination of ground water of peat-muck

soils, because in all analyzed cases the concentrations of

heavy metals were much lower than the permissible

concentration of Zn and Cd in the wastewater introduced in

the soil. Surdyk et al. (2010) demonstrates that low quality

water, in their case channel water containing domestic waste-

water, can be used for irrigation without major accumulation

of inorganic trace compounds in soil and crops even after

three years of cropping at field scale under normal farm

practices. The principal conclusion of the study is therefore

that, when appropriately treated, even input wastewaters

with higher heavy metal contents (simulated by the heavy

metal spiking of channel water) can be used over three years

without visible degradation of soil and products.

CONCLUSIONS

1. The investigated organic soil can be useful for waste-

water purification with their natural charge of Zn and Cd as

well as under increased concentrations.

2. The use of wastewater for peat-muck soils in doses

and frequencies used in the experiment does not pose a threat

to the groundwater.

3. Zinc contained in the wastewater was absorbed by the

soil to its concentration in the sprinkled and natural soils.

4. Zinc addition (500 mg dm
-3

) caused an increase in the

concentration of Zn in the soil microcosm from 165 mg dm
-3

(at 15 cm) to 6 mg dm
-3

(at 90 cm) comparing to the values

for natural soil at the same depth.
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Fig. 7. Average value of Cd in soil microcosms irrigated waste-

water and irrigated with wastewater + Cd addition (means ± SE)

from 5 days of experiment compared to concentration in natural

soil (NS) and simulated rain from 10th day of experiment (SR 10d).



5. Cadmium contained in the wastewater was partly

absorbed by the soil in quantities about 41 and 17% higher

than the cadmium content in the sprinkled and natural soils,

respectively.

6. Cadmium addition (15 mg dm
-3

) caused an increase of

Cd concentration in the soil profile. It was about 27, 79, and

48% higher than the cadmium content in the wastewater en-

riched microcosm and the sprinkled and natural soils, res-

pectively.

7. Both zinc and cadmium were less absorbed in the

upper part of soil profiles than in the deeper one.
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