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Abstract. In this study, composite sewage sludge samples were taken from the drying beds
of the Elazig City Activated Sludge Treatment Plant in order to investigate the seasonal heavy metal
concentrations in the samples. According to the results of the analysis, the acid extractable annual
heavy metal concentrations of the effluent sludge coming from the drying beds were found as Fe
>Zn> Mn >Cu >Cr >Ni >Pb> Co> Cd. Iron concentration in the sewage sludge was found to be the
highest where Cd was detected in the lowest concentration value.

According to the independent t-test applied to the summer and winter pollution loads of the
sewage sludge, statistical differences for the average values were observed between the groups for
the iron, copper, and cadmium contents (p<0.05). On the other hand, no statistical differences
were observed for the average values between the groups for the iron, zinc, manganese, chromium,
nickel, lead, and cobalt contents (p>0.05).

Keywords: activated sludge; bioaccumulation; heavy metal; independent t-test; sewage
sludge.

1. Introduction

The sewage sludge generated from the urban wastewater treatment facilities includes heavy
metals in different concentration values depending on the wastewater type and the water treatment
process. In general, sewage sludge comprises toxic elements. When applied on land, the sewage
sludge causes various environmental problems such as odor, aesthetic pollution, pathogens, toxic
organic chemicals, salts and heavy metals (Wong et al., 2001). When the sewage sludge is disposed
as a fertilizing material, it causes soil pollution and as a result, unwanted metals bioaccumulation
occurs in the plants and animals in time (Madyiwa et al., 2002). The risks related with the heavy
metals presence in sludge, can be controlled by limiting the amount of sludge that will be applied to
soil (Hanay and Hasar, 2007). Therefore, the seasonal heavy metal concentrations in the sludge
must be measured for the seasonal land applications.

For annualy land applications, maximum heavy metal loads have to be 1500 mg/kg lead, 15
mg/kg cadmium, 1500 mg/kg chromium, 1200 mg/kg copper, 300 mg/kg nickel, and 3000 mg/kg
zinc (Terz, 2007).

Shed fertilizer Fe:Cu:Cd rate of urban sewage sludge Fe:Cu:Cd rate is about 23:7:5. (Bozkurt
and Yarilgac, 2003).

In the current study, seasonal composite sewage sludge samples were taken from the drying
beds of the Elazig City Activated Sludge Treatment Plant in order to investigate the heavy metal
concentrations for the seasonal applications.

2. Materials and Methods

The Elazig City Wastewater Treatment Plant treats both industrial and domestic wastewater.
Since it is assumed that the heavy metals pollution load can be variational in the final effluent
sludge taken from the drying beds, various sludge samples were taken to be analysed.

The sampling was conducted during one year between the dates of 15 January and 15
December. Hourly samples (for fifteen day of every month) were taken from 9.30 a.m to 12.00 a.m
and composite samples were prepared by mixing them. The samples were kept in the refrigerator
(according to the EPA’s protection appliances) prior to the analyses.
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The sludge was processed with 5 ml concentrated nitric acid (Lue-Hing et al., 1992) in order

The sludge samples were dried in 65°C for 12 hours. The dried samples were homogenized in
to measure the heavy metals concentrations. A 5 ml of nitric acid and 100 ml of distilled water was

a mortar and then sieved through 2 mm.
added to 3 grams of dried sludge and the mixture is boiled until the color becomes lighter. Then the
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3. Results and discussion

The monthly changes of iron, zinc, manganese, chromium, copper, nickel, lead, cobalt, and
cadmium concentrations in the effluent sludge of the Elazig City Wastewater Treatment Plant are
shown with Figs. 1-9.

Table 1 summarizes the heavy metal limit values in the Sewage Sludge Regulation (Germany
1983) and Turkish Legal Obligations, the sludge standards valid in various European Countries
accepted by the European Union, the metal limit values of the United Nations Environmental
Protection Agency and the average annual heavy metal concentration values in the effluent sludge
of the Elazig City Wastewater Treatment Plant.
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Fig. 1. The monthly changes of iron, concentrations in the effluent sludge of the Elazig City
Wastewater Treatment Plant
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Fig. 2: The monthly changes of zinc, concentrations in the effluent sludge of the Elazig City
Wastewater Treatment Plant
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Fig. 3: The monthly changes of manganese concentrations in the effluent sludge of the Elazig City
Wastewater Treatment Plant
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Fig. 4: The monthly changes of chromium concentrations in the effluent sludge of the Elazig City
Wastewater Treatment Plant
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Fig. 5: The monthly changes of copper concentrations in the effluent sludge of the Elazig City
Wastewater Treatment Plant
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Fig. 6: The monthly changes of nickel concentrations in the effluent sludge of the Elazig City
Wastewater Treatment Plant
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Fig. 7: The monthly changes of lead concentrations in the effluent sludge of the Elazig City
Wastewater Treatment Plant
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Fig. 8: The monthly changes of cobalt concentrations in the effluent sludge of the Elazig City
Wastewater Treatment Plant
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Fig. 9: The monthly changes of cadmium concentrations in the effluent sludge of the Elazig City
Wastewater Treatment Plant

According to the results of the analysis, the annual heavy metal concentrations of the effluent
sludge in the drying beds were found as Fe >Zn> Mn >Cu >Cr >Ni >Pb> Co> Cd. Iron
concentration in the sewage sludge was found to be the highest where Cd was detected in the
lowest concentration value.

The monthly heavy metal concentrations of the effluent sludge in the current study were
lower than the limit values of the German Solid Wastes Control Regulation and the limit values in
Turkey (Table 1).

The seasonal lead, cadmium and zinc concentrations were found to be appropriate according
to the Table 1.

Some of the monthly heavy metal concentrations of the effluent sludge exceeds the limits of
the heavy metals bioaccumulation concentrations in animals and plants according to the United
Nations Environmental Protection Agency’s limit values (detected by land and laboratory studies)
in Table 1 and Fig.1-Fig.9.

The independent t-test was applied to summer (March, April, May, June, July, August) and
winter (September, October, November, December, January, February) heavy metals pollution
loads in sewage sludge. Table 2 gives the average and standard error values.

Heavy Metal Between September- Between March-August
February
Fe 8,914.00+588.00** 6,489.80+906.00
Zn 1,289.10+61.00 1,047.30+94.00
Mn 337.10+18.00 694.00+356.00
Cr 99.00+9.00 69.30+28.00
Cu 296.20+9.00** 137.00+8.00
Ni 75.80+11.00 56.00+8.00
Pb 72.50+4.00 55.20+8.00
Co 10.10+2.00 11.50+5.00
Cd 6.50+0.30** 2.10+0.20
P = o0.05

Table 2. The average and standard error values for the summer (March, April, May, June, July,
August) and winter (September, October, November, December, January, February) heavy metals
pollution loads in sewage sludge (mg/kg dry weight)

Cadmium ions are found in low concentrations in sewage sludge because of its formation of
non-soluble compounds.

Even low concentrations of zinc, copper, and nickel cause toxic effects in the plants.
Therefore they enter the food chain and may even influence the human health.

The nickel and zinc concentrations obtained from the sewage sludge exceeds the limits of the
heavy metals bioaccumulation concentrations in animals and plants according to the United
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Nations Environmental Protection Agency’s limit values (detected by land and laboratory studies)
in some of the months of this study. This may cause toxic effect risks at any time.

The iron, copper and cadmium concentrations in the effluent sludge were higher in summer
when compared to winter values (p<0.05). Besides, no statistical differences were observed for the
average values between the groups for the iron, zinc, manganese, chromium, nickel, lead, and
cobalt contents (p>0.05).

4. Conclusion

Industrial effluents are submitted urban wastewater treatment plant. Industrial productions
are made depending on actual requirements. Depending on production potential, the loads of
heavy metals in wastewaters and sewage sludge vary. Elazig City industrial area has about 13
different sectors. Mainly, respectively: Marble industry, plastic industry, forest industry, metal
products industry, electrical machinery industry, food industry, textile and clothing industry,
chemical industry, baked clay and cement industy, glass industry, agricultural equipment and
machinery manufacturing industry, paper industry, and fertilizer industry. According to the
production potential of these sectors, the heavy metal pollution loads of sewage sludge vary.

Although the heavy metal concentrations were found to be appropriate for the standards,
continuous applications on soil may cause long time accumulations and toxic effects for food cycle
via the plants. Therefore, annual metal accumulations should be calculated to predict this effect.

We can discuss about iron, copper, and cadmium pollution in soil which are exposed to
sewage sludge generated from the wastewater treatment plant drying beds.

Shed fertilizer Fe:Cu:Cd rate of urban sewage sludge Fe:Cu:Cd rate is about 23:7:5. (Bozkurt
and Yarilgac, 2003). If sewage sludge is reguired to apply area instead of shed fertilizer, we should
take into consideration this rate.

In addition, respectively, annually sewage sludge zinc, cadmium, nickel, and copper loads
very high (>100 %). Therefore land applications have to be made in respect of these heavy metals’s
loads.
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YK 530

HNccaexoBanue ce30HHOTO COACPHKAHUA TAKE/JIOTO META/IVIA HA 3aBO/JI€ I10 OYUCTKE
CTOYHBIX BOA AKTUBUPOBAHHBIM UJIOM: CUTYAIITHUOHHOC UCC/ICAOBAHUC

Typraii lepe
YHuBepcuret ApiMasgHa, UHKeHEPHbIN GakyabTeT, Typuus

AHHOTamuA. B craTbe 111 M3y4yeHUsI CE30HHBIX KOHIIEHTPAIUN TSKEJIBIX METAJIOB OBLITH
B3ATHI MPOOBI OCAJKOB CTOYHBIX BOJ[ C HWJIOBBIX IUIOIIAJIOK 3aBOZa IO OYHCTKE CTOUYHBIX BOJI
aKTUBUPOBAHHBIM HJIOM ropojia Aya3sir. COTJIaCHO pe3ysbTaTaM aHaJM30B, 3KCTPardpOBAaHHOE
€KeroJiHoe Cojiep>KaHUe KUCJIOTHBIX TSKEJIbIX META/UIOB B WJIOBBIX IUIONIQJKAaX COCTaBUJIO Fe
>7Zn> Mn >Cu >Cr >Ni >Pb> Co> Cd. Cozxep:kaHue kejie3a B 0CaJIKe CTOUYHBIX BOJI 0Ka3aJioCh
HaAWBBICIIUM, cofiep:kaHue Cd oka3asioch B HAUMEHbIIE KOHIIEHTPAIUHU.

CorslacHO HE3aBHCUMOM MMPOBEPKE KOHIIEHTPAIIUU 3arPA3HUTENIEN B 0OCA/IKE CTOYHBIX BOJ 110
kputeputo CTbIOZIeHTa, IIPOBEIEHHOU B JIeTHEe W 3MMHee BpeMs, CTAaTUCTUUYECKUE Pa3INUUA
CPEeIHUX BEJIMYUH ObUTH 3apUKCUPOBAHBI MEKAY TPYIIIAMHU, COJIEPKAIIUMH 3Kejae30, Meb U
kagMui (p<0.05). C Apyrod CTOPOHBI, CTATHUCTHYECKUE PAa3IUYMs CPETHUX BEJIUYUH OBbLIU
3a(UKCUPOBAHBI MEXK/y TPYIIaMU, COAEPKAIIUMU >Keae30, IMHK, MapraHel, XpOM, HUKEJIb,
cBuHeI| 1 KobabT (p>0.05).

KioueBble cJjO0Ba: aKTUBUPOBAHHBIA Wi, OHOHAKOIUIEHUE; TSKEJIbIH MeTalT;
He3aBHUCHMasi ITPOBepKa 1o KpuTepuio CThIOIEHTA; 0CAJIOK CTOYHBIX BOJI.
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