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July 7, 2024 metals in Sewage Sludge (SS) from the south Tehran wastewater treatment plant. Nine
Available online: samples were collected and analyzed for Cu, Cr, Pb, As, Ni, Co, and Cd content.
June 29, 2024 Concentrations of Cu (274 mg/kg), Cr (183 mg/kg), and Pb (100 mg/kg) exceeded

authorized limits for C1 and C2 sludge grades. Environmental indicators assessed the
risk associated with these metals. Single-factor indices (Geoaccumulation and potential
ecological risk) identified Cu and Pb as the primary contributors to sludge pollution
based on Igeo, while Cd and Cu were most responsible according to E\.. All stations

Keywords: received "low level of contamination™ grades for Cr, Cu, and Pb based on the Pl value
Environmental Risk, index. Combined indices revealed slight pollution at all stations, as indicated by the
Geoaccumulation Index, Nemerow synthetic pollution index (PN). Potential ecological risk index (RI) indicated
heavy metals, low risk for stations 5 and 6, and moderate risk for others. Comparison of combined

Nemerowsyntheticpollution | indices showed differing risk classifications across stations, and trends between indices
index, potential ecological | were not always consistent. High variability in SS composition across stations suggests
risk index that applying SS from the south Tehran plant as agricultural fertilizer or soil amendment
is not generally recommended.

1. Introduction

Sludge, a byproduct of urban sewage treatment plants, is continuously accumulating, making
appropriate disposal solutions essential. Current methods include ocean dumping, landfilling,
incineration, and agricultural use. However, environmental safety concerns necessitate a comprehensive
risk assessment before utilizing sewage sludge in any capacity. This research aims to: Investigate the
current state of sewage sludge management in south Tehran. Measure heavy metal concentrations in
sludge samples collected from different areas of the south Tehran treatment plant storage facility. Assess
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the bio-environmental risks associated with utilizing this sludge on agricultural land.

2. Materials and Methods

Due to the large volume of deposited sludge, sampling was conducted on September 22, 2019, at the
sludge depot of the south Tehran sewage treatment plant. Nine samples were collected from various
locations within the depot, and a composite sample was created for further analysis. Sludge samples
were air-dried at room temperature, sieved through a 0.5 mm mesh, and analyzed for various
parameters. Heavy metals (Cu, Cr, Pb, Ni, As, Co, Cd, Fe, Zn): Microwave digestion with nitric acid
(65%), hydrochloric acid (32%), and hydrofluoric acid (38-40%) followed by inductively coupled
plasma mass spectrometry (ICP-MS) using a PerkinElmer Optima 2100DV model. Nitrogen: Kjeldahl
method. Carbon: Elemental analysis device (CHNSO). Phosphorus and potassium: Dry oxidation
method. Cation exchange capacity (CEC): Ammonium acetate exchange method. Sludge acidity and
electrical conductivity: Measured in a 1:5 (distilled water/sludge) ratio. Apparent specific gravity
(pb): Pycnometer method.

3. Results

The sewage sludge samples exhibited: Low specific gravity. No salinity. Alkaline pH. High carbon
content (16.6%) and phosphorus content (>2%). These characteristics suggest potential for using the
sludge to increase soil organic carbon and address phosphorus deficiencies in phosphorus-poor soils.
The average heavy metal concentrations were (mg/kg): Cu (274), Pb (100), Cr (183.3), Ni (71.2), As
(15.8), Co (5.32), and Cd (0.88). The Igeo values showed the following ranking for heavy metal
contamination: Cu >Pb> Cd > Cr > As > Ni > Co. PN values for all stations exceeded 1, classifying
the sludge as "low pollution,” but indicating potential leaching of heavy metals into the
environment, necessitating caution during agricultural application. Based on E'; values, the heavy
metals were ranked in descending order of environmental risk: Cd > Cu >Pb> As > Ni > Cr >Co. RI
values indicated the following risk ranking for the stations: 2>9>4>1>3>8>7 > 6 > 5. Stations
5 and 6 displayed low potential ecological risk (Rl < 150), while stations 1, 2, 3,4,7,8,and 9
exhibited medium risk (RI 150-300).

4. Discussion and Conclusion

The average concentrations of Cu, Cr, and Pb exceeded permissible limits for C1 and C2 grade
sludge. Multi-element composite indices like PN and RI provide a more holistic assessment of heavy
metal contamination. While most stations fell into the "low pollution™ category for PN and "medium
risk" category for RI, heavy metal management and reduction remain crucial for safe agricultural
application. Notably, stations 5 and 6 demonstrated lower ecological risk compared to the others.

Analysis of sewage sludge samples from different stations revealed significant variation in quality,
impacting both their characteristics and pollution risk assessment indicators. The stations exhibited a
range of risk classifications, spanning from low to medium. Given this heterogeneity, formulating a
universal recommendation for the use of sewage sludge as a fertilizer or soil amendment is not
feasible.

Instead, meticulous evaluation of each individual sample is crucial before any potential application.
This assessment should focus on determining whether the sludge meets the relevant standards for
heavy metal concentrations and, if necessary, implementing appropriate techniques for heavy metal
reduction.
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