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Abstract [ Objective]  Heavy metal and antibiotic contamination in sludge is a key factor restricting its resource utilization, and
the ecological risks of heavy metals and antibiotics in municipal sludge were studied in order to provide theoretical references and
scientific basis for the comprehensive utilization of municipal sludge from the perspective of multiple pollutants. [ Methods]  The
sludge from five wastewater treatment plants (WWTPs) in Shenzhen (S1, S2, S3, S4, S5) was taken as the research object, and the
contents of eight common heavy metals and six antibiotics were determined. The entropy value method was used to evaluate the
ecological risk of single contamination of heavy metals and antibiotics in the sludge, and the improved weighting analysis method was

used to evaluate the composite ecological risk of the sludge. [ Results]  The results showed that the mass fraction of heavy metal Cd
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in WWTP S1 and heavy metals Cu and Ni in WWTP S4 exceeded the limits of some land use standards, which were 12. 49 mg/kg,
1 753. 55 mg/kg and 170. 77 mg/kg, respectively, and the average mass fraction of sulfamethazine (SMR) and oxytetracycline (OTC)
in antibiotics were higher than those in other areas, which were 2. 15 pg/kg. The results of the single ecological risk evaluation showed
that the ecological risk evaluation of heavy metals in the sludge from WWTP S1 was medium risk (190.59), except for WWTP S1,
where the ecological risk evaluation of heavy metals in the sludge was low risk (17.79~29.18), and Cd was the main contaminating
factor of heavy metals in the sludge from WWTP S1. The antibiotics sulfadiazine (SDZ) and sulfapyridine (SD) in sludge were high
risk, and most of tetracycline (TC), OTC and enrofloxacin (ENR) were medium risk. The results of composite ecological risk showed
that the composite contamination level of sludge from all WWTPs was medium contamination and above, and the composite pollution
index value (CSI) contamination indices of WWTP S1 to S5 were 4. 10, 6.70, 2.20, 2.57 and 2. 88, respectively, of which the
contamination level of WWTP S2 reached ultra-high. [ Conclusion ]

The antibiotics SDZ and SD in sludge are the main reasons for

the high composite ecological risk value, which can be improved through the treatment process and effectively regulate the use of

antibiotics in order to reduce its ecological risk to the environment in the process of sludge reuse.

Keywords municipal sludge heavy metal antibiotics combined pollution ecological risk assessment
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Tab. 1 Source and Property Information for Sludge Collection
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Tab. 6 Mass Fraction of Heavy Metals in Sludge
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As Cd Cr Cu Ni Pb Zn Hg
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S2 9.47+1.97 ND 38.81+3.40 90. 00+7. 84 18.13+0. 81 34.37+7.05 294.77+37.70 ND
S3 18.05+0. 77 ND 57.07+12.45 127.24+13. 15 20. 62+2.90 38.43+10.46  545.10+71. 50 ND
S4 23.41+2.64 ND 282.90+40.42 1 753.55+126.97 170.77+13.79 105.32+17.57 876.06+81. 24 ND
S5 20. 86+6. 17 ND 78. 04+12. 96 173.01+14. 66 27.78+1. 37 38.63+12.62  285.14+20.73 ND
SFH{E 17.76 - 109. 48 456. 95 54.50 50.73 492.55 ND
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Tab.7 Mass Fraction of Antibiotics in Sludge

P R B EY (ng-kg™)

e
SDZ SD SMR TC OTC ENR
S1 3.52+0.25 2.29+0. 12 1. 62+0. 07 57.62+0. 66 220. 08+8. 68 78.26+1.28
S2 4.02+0. 25 5.43+0.30 5.25+0.02 111.40+3. 13 348.55+2.70 25.05+3.26
S3 2.54+0.02 1. 58+0. 07 1. 00+0. 04 21.12+1. 08 42.49+3.20 10. 71+3. 38
S4 2.64+0. 07 1. 89+0. 23 1. 00+0. 14 38.72+0.73 111.39+2.52 15.65+1. 87
S5 2.58+0.01 2.47+0.01 1.91+0. 06 45.56+0. 34 173.36+0. 59 23.14+2.15
FH{H 3.05 2.73 2.15 54.88 179. 17 30. 56
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Tab.8 Comparison of Target Heavy Metals with Other Cities
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Tab.9 Comparison of Target Antibiotics with Other Cities
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Fig. 1  Distribution of Heavy Metals in Sludge
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