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SAMPLING LOCATIONS

RESULTS
Water bodies in watersheds across the Great Lakes are impaired by elevated 
microbial contaminants. Identifying sources of microbial contamination in key 
streams and creeks is critical for the development of effective total maximum 
daily load (TMDL) plans and watershed management plans. For this study, the 
Sloan Creek sub-watershed in Ingham County was selected for investigation due 
to its elevated E. coli concentrations. The sub-watershed area encompasses 
intensive agriculture, beef farming, and homes with on-site septic systems. This 
work presents an approach that will facilitate source identification by using whole 
genome shotgun sequencing (WGS) analysis in combination with  monitoring 
bovine-associated bacteroides (BoBac) markers, human-associated bacteroides
(HuBac) markers, and a traditional microbial indicator (E. coli). The objectives of 
the study are to: 1) identify the dominant source of pollution (human vs. animal); 
2) identify the major location of pollution origin among two tributaries in the 
sub-watershed; 3) quantify the levels of E. coli and host-associated bacteroides in 
the Sloan Creek sub-watershed during the spring and summer season of 2015.

• A total of 192 samples (64 from each sampling location) were collected from 
March to August 2015. Two grab water samples were collected at each 
location, one for E. coli analysis (culture method) and one for Bacteroides
analysis (qPCR). 

• Three samples, specifically August 15th, 18th, 19th of 2015 from the Sloan 
Creek Downstream site were processed for Whole Genome Shotgun 
Sequencing (WGS) on Illumina Miseq platform to unveil diversity of the 
microbial community. The sequence data  were processed at the Michigan 
State University’s High Performance Computing Cluster (HPCC). The resulting 
data was aligned with NCBI refseq bacteria database and NCBI env-nt
database for microbial taxonomy annotation.

• Student’s t-tests were used to determine the differences in mean 
concentrations of target organisms, to compare the difference between 
sampling sites and to compare the difference between BoBac and HuBac 
concentration in each sampling site (Fig. 2 and Fig. 3).

• Metagenomic diversity analysis indicated bacteria were associated with 
presence of human and animal feces and sewage. Therefore, microbial 
contaminants in the watershed may originate from agriculture activities, 
concentrated animal feeding operations (CAFO) and leaking septic tanks. 

• Detection of both bovine and human-associated bacteroides markers 
further confirmed that there were contaminant inputs from animal and 
human sources. 

• The high exceedance rate of E. coli in the samples revealed that the Sloan 
creek sub-watershed was under a high risk of microbial contamination.

• The microbial pollutants concentrations in the Sloan creek upstream and 
Sloan creek downstream were statistically correlated. The impact from 
Button drain was weak, and the main source of microbial contamination 
originated from upstream Sloan creek.

• This study offers a proposed MST methodology path to assess water 
quality at a sub-watershed level that will facilitate an informed 
remediation plan for a TMDL site.
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• E. coli was detected in 100% of all samples in the all sampling sites. 59%, 
67%, and 36% of the Sloan creek downstream, Sloan creek up, and Button 
drain samples exceeded the water quality guidelines for the state of 
Michigan (daily geometric mean 300 MPN/100 mL).

• Fecal and sewer signatures, wastewater metagenome, and rumen gut 
metagenome presented in the sequenced water samples (Fig. 1).

• The occurrence rate for BoBac was 27%, 22%, and 11% in samples from 
Sloan creek downstream site, Sloan creek upstream site, and Button drain 
site respectively, with wide range of concentrations. HuBac showed 
similar occurrence as BoBac. 

• The observed patterns indicates that both animal waste and human 
wastes are important sources of contamination.

• According to statistical tests, the Sloan creek downstream site had 
significantly higher concentrations than the Button drain Site in the 
detected microbes. 

CONCLUSIONS

Figure 3. E. coli distribution in the three sampling sites

FUTURE RESEARCH
• There were a significant portion (50%) of the sequences that cannot be 

annotated with neither of the NCBI reference databases. Future studies 
focusing on microbial community bioinformatics analysis will be 
beneficial. A refined reference database can improve the understanding of 
the bacterial diversity in the impacted watershed. 

• Identifying the microbial contamination signature of different water types 
(wastewater, fresh surface water), and of different land use types 
(agriculture, urban, pristine land) will be beneficial for comparison 
purposes. 

MATERIALS AND METHODS

Figure 1. Figure 3. Characterized WGS metagenomes for the water samples 
from Sloan Creek Downstream site (using NCBI env_nt database). 

Figure 2. Boxplots of bovine-associated bacteroides (BoBac) and human-
associated bacteroides (HuBac) in three sampling sites
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