
Table 4: Primers and Probes used in this study. 

Table 2:  Soil Characteristics. 

Lime stabilized biosolids showed lower concentration of the antibiotic resistance genes compared to that from other treatment methods, suggesting that the advanced sludge 

treatment is more effective. However, no significant difference (p>0.05) was observed in concentrations of the antibiotic resistance genes among biosolids produced by other 

sludge treatment methods. High concentrations of antibiotic resistance genes were observed both in manure and biosolids samples. Gene concentrations of Tet-W and Tet-O in 

manure samples were observed to be significantly higher (p<0.05) than that in biosolids samples (~1-2 magnitude higher). However, Sul-I gene and 16srRNA gene were not 

observed to differ significantly (p>0.05) in manure and biosolids samples.  

Significant increases (p<0.05) in concentrations of all the antibiotic resistance genes (Tet-W, Tet-O and Sul-I) were observed in the manure- amended or biosolids-amended 

soil samples at Site A after the land application of manure and biosolids respectively compared to that in background soil signifying the introduction of additional antibiotic 

resistance genes from manure or biosolids into the soil environment after its land application. In contrast, at Site B no significant increase (p>0.05) in gene concentrations of 

antibiotic resistance genes was observed after biosolids application on soil  

RESULTS 

 Levels of Antibiotic Resistance Genes in Manure, Biosolids, and Fertilized Soil 

Mariya Munir and Irene Xagoraraki 

 

 

 In this study, tetracycline and sulfonamide resistance genes (Tet-W, 

Tet-O and Sul-I) were quantified in 24 manure samples from 3 farms and 

18 biosolids samples from 7 different wastewater treatment plants 

(WWTPs) using Quantitative Polymerase Chain Reaction (Q-PCR) 

methods. Concentrations of Tet-W and Tet-O genes were observed to be 

significantly higher (p<0.05) in manure than in biosolids samples. The 

background soil samples showed significantly lower concentration of the 

above genes compared to manure and biosolids. Elevated levels of 

antibiotic resistance genes (Tet-W, Tet-O and Sul-I) was observed in the 

amended soil samples after the land application of manure or biosolids 

(Site A) monitored for a period of about four months. However, at another 

site (Site B) no significant increase (p>0.05) in concentration of antibiotic 

resistance genes was observed after biosolids application on soil. Even 

though the concentration of ARGs in manure was statistically higher than 

that in biosolids, when they were applied on land, the contribution to the 

soil depended upon the background soil concentration and the soil 

characteristics. Further study of multiple soil samples in various locations 

is needed. 

 

ABSTRACT 

Significantly high concentrations of antibiotic resistance genes were observed in different manure and biosolids samples.  

 

Concentrations of antibiotic resistance genes (Tet-W and Tet-O) in manure were observed to be significantly higher (p<0.05) than in biosolids samples.  

 

Antibiotic resistance genes were also found in the background soil samples from different sites, implying the presence of an indigenous antibiotic resistance 

gene pool in the soil environment.  

 

Additionally, significantly higher gene concentration levels in manure- or biosolids- amended soil samples were observed after the land application of manure 

or biosolids in one of the sites. More work is required to understand long-term persistence of antibiotic resistance genes in the soil environment after manure or 

biosolids application. 

CONCLUSIONS 

METHODS 
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Target Primers Sequences (5’-3’) 
Annealing 

temperature (°C) 

Amplicon 

Size (bp) 
References 

Tet-W 

 

Tet-O 

 

Sul-I 

 

Bacteria 

16srRNA 

tet(W)-FV 

tet(W)-RV 

tet(O)-FW 

tet(O)-RV 

sul(I)-FW 

sul(I)-RW 

BACT1369F 

PROK1492R 

TM1389F (Probe) 

GAGAGCCTGCTATATGCCAGC 

GGGCGTATCCACAATGTTAAC 

ACGGARAGTTTATTGTATACC 

TGGCGTATCTATAATGTTGAC 

CGCACCGGAAACATCGCTGCAC 

TGAAGTTCCGCCGCAAGGCTCG 

CGGTGAATACGTTCYCGG 

GGWTACCTTGTTACGACTT 

CTTGTACACACCGCCCGTC 

64 

 

60 

 

55.9 

 

56 

168 

 

171 

 

163 

 

143 

Aminov et al 

2001 

Aminov et al 

2001 

Pei et al 

2006 

Suzuki et al 

2000 

Table 3: Biosolids Treatment Characteristics. 
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Table 1:  Manure Characteristics. 

Table 6: Percentage change in gene concentrations in soil after manure or biosolids 

application 
Table 5: Concentration of antibiotic resistance genes (Tet-W, Tet-O and Sul-I) detected in manure, biosolids 

and background soil samples. 

Fig.1: Concentration ranges of antibiotic resistance genes (Tet-W, Tet-O and Sul-I) in manure, biosolids, soil, manure amended soil and biosolids amended soil samples. Note: ‘n’ indicate no. of samples, X-axis labels indicate the type of samples, Rectangular boxes indicate the 

interquartile range of the data, Median value is indicated by the horizontal line inside the box, Small circles represent the mean values. Asterisks(*) represents the outlier data in the ranges. 
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Sludge 

treatment 
Dewatering 
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Thickening 

Anaerobic 

Digestion 

Anaerobic 

Digestion 

Anaerobic 

Digestion 

Anaerobic 

Digestion 

Lime 

stabilization 

Disposal 

of sludge 
Landfill 

Agricultural 

land 

Agricultural 

land 

Agricultural 

land 

Agricultural 

land 

Agricultural 

land 
Agricultural land 

% solid 18.1% 1.5% 5.8% 4.0% 8.0% 4.9% 9.2% 

Dairy Farm 

A 

Elsie,MI 

Dairy Farm B 

East Lansing, 

MI 

Dairy Farm 

C 

Imlay, MI 

Manure 

treatment 

Sand 

Seperated 
No treatment No treatment 

Average 

% solid 
3.4% 1.7% 26.9% 

Site A 

Imlay City, 

MI 

Site B 

Kelloggs Biological Station, 

Kalamazoo, MI 

Soil Classification Loam Sandy Loam 

% Organic Matter 6.9% 2.1% 

Total Phosphorus (ppm) 32 60 

Total Potassium (ppm) 66 114 

MEAN CONCENTRATION 

(Copies/g) 
90% CONFIDENCE INTERVAL RANGE  (Copies/g) 

Target 

Gene 
Manure Biosolids Soil Manure Biosolids Soil 

Tet-W 5.03 ×109 9.53 ×108 3.61 ×104 3.44×108 - 1.15×1010 2.09×107- 3.66 ×109 2.79×103 - 6.09×104 

Tet-O 1.54 ×1010 3.15 ×108 1.05 ×106 3.66×108 - 7.78×1010 1.20×107- 9.42 ×108 1.26×105 -1.73×106 

Sul-I 1.51 ×108 6.04 ×108 4.19×104 8.89×106 - 2.39×108 8.10×106- 2.81×109 2.25×104 -7.57×104 

Tet-W Tet-O Sul-1 

Manure Application 

Site A: Imlay site +76.8% +100% † +35.7% 

Biosolids Application 

Site A: Imlay site +22.7% +100% †  +13.9% 

Site B: KBS site -9.6% +6.0% +2.1% 

Note: All calculations are done using log values. ‘+’ and ‘-’ signs mean an increase and decrease in concentration levels after application. 

‘†’ means since Tet-O gene was not present in background soil, so 100% increase in manure- and biosolids- amended soil l. 

 


