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The Problem: 

• Washington water quality standards limit fecal 
coliform bacteria  
– geometric mean 100 cfu×100mL-1   
– and no more than 10% > 200 cfu×100mL-1 

• Boise Creek is the biggest contributor of FC to 
the entire Puyallup TMDL study area 

• 92% reduction - dry season (July-October) 
• 67% reduction - wet season (November-June) 



Mathieu and James, 2011 



Mathieu and James, 2011 



Are brown trout native to Boise Creek? 



Presenter
Presentation Notes
65% of the Boise Creek drainage area lies within the Forest Production District, with the remainder of the drainage dominated by agricultural land cover (13%), and the City of Enumclaw (11%). Roughly 30% of the farmland area belongs to farms enrolled in farmland preservation programs.



The Challenge 

• WQ standard DOES NOT inform problem 
resolution 
– FC exist in the gut of warm blooded animals 
– High numbers can warn of dangerous conditions 

• Find an approach that DOES inform a 
resolution 
– Spatial and temporal sampling 
– Organisms that discriminate between human and 

animal sources 
 





2011 Biological parameters  

• Fecal coliform bacteria 
• E. coli 
• Bacteroides spp. 
• Rhodococcus coprophillus 
• Bifidobacteria spp. 



 

FC and E. coli Results by sampling site 
and period 

Presenter
Presentation Notes
Fecal coliform and E. coli levels during four sampling events at twelve locations during 2011.  See Figure 2 (above) for locations of each sampling location. Values on the Y axis indicate colony forming units / 100mL of sample. The broad red line indicates the level below which contamination is within State of Washington water quality standards.



Comparing FC to E.coli 

 

Presenter
Presentation Notes
Monthly mean colony forming units (cfu) for fecal coliforms and E. coli bacteria in the Boise Creek drainage. Means were generated from all 12 sampling locations (see Figure 2). Error bars represent +/- 1 standard deviation. The Y axis units are cfu.



2011 Boise MST Hits 

14-Apr   17-Jun   13-Jul   5-Oct 

Site Rhodo Bifido Fecals E.Coli Bacteroides Fecals E.Coli Bacteroides Rhodo Fecals E.Coli Bacteroides Bifido Fecals E.Coli Bacteroides 

1 
30 550 1300 440 750 841 1 300 230 257 

2 
280 740 457 5 470 480 1208 2100 2500 825 

3 
475 1600 2200 1086 800 960 2888 530 460 1266 

4 
5 90 679 560 680 5005 5 670 1000 7820 210 200 758 

5 
110 2049 550 770 987 10 1400 1600 24170 240 340 917 

6 
370 660 530 590 785 1800 800 278 

7 
630 1495 700 810 5608 1100 890 4730 700 800 617 

8 
310 460 140 160 338 1200 1000 230 

9 
160 350 40 95 173 650 750 278 

10 
1440 110 380 1413 1500 750 21834 6000 6000 44391 

11 
110 130 1870 660 1800 766 15 450 550 949 100 190 160 238 

12 
        589   540 700 2827     1400 1500 8750     810 2100 7165 



 

Presenter
Presentation Notes
Complete 2011 biological results from Boise Creek microbial source tracking investigation. Values plotted on a log scale to visually compare across all sampling events. Horizontal red line indicates State water quality value for fecal coliform and E. coli bacteria. 



2012 – What did we learn from last 
year? 

• Expanded sampling site distribution 
– Needed to find baseline values 

• Changed temporal nature of sampling 
– 3 straight days sampled in the morning and in the 

afternoon 

• Employed some new / adapted methods 
– Molecular methods for human-specific Bacteroides 
– Found a marker for Ruminant Bacteroidales (RB) 
– Molecular method for Rhodococcus 



2012 Biological parameters  

• Fecal coliform bacteria 
• E. coli 
• Bacteroides spp. 
• Ruminant Bacteroidales 

(RB) 
• Rhodococcus coprophillus 
• Bifidobacteria spp. 
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BSE_1MUDMTNRD  

Escherichia coli Fecal Coliform Bacteroides



1

10

100

1000

10000

1

10

100

1000

10000

6 Aug AM 6 Aug PM 7 Aug AM 7 Aug PM 8 Aug AM 8 Aug PM

O
r
g
a
n
i
s
m
s
 

C
F
U
 

BSE_2_252AVESE  

Escherichia coli Fecal Coliform Bacteroides
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BSE_3_410DITCH  

Escherichia coli Fecal Coliform Bacteroides
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BSE_4A_BSECRPKPOND  

Escherichia coli Fecal Coliform Bacteroides
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BSE_6MAINSTEM  

Escherichia coli Fecal Coliform Bacteroides
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BSE_7TRIBDITCH  

Escherichia coli Fecal Coliform Bacteroides
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BSE_8_268AVESE  

Escherichia coli Fecal Coliform Bacteroides



1

10

100

1000

10000

1

10

100

1000

10000

6 Aug AM 6 Aug PM 7 Aug AM 7 Aug PM 8 Aug AM 8 Aug PM

O
r
g
a
n
i
s
m
s
 

C
F
U
 

BSE_9_276AVESE  

Escherichia coli Fecal Coliform Bacteroides
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BSE_10_276DITCH  

Escherichia coli Fecal Coliform Bacteroides
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BSE_11TRAILERPKDITCH  

Escherichia coli Fecal Coliform Bacteroides
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BSE_12ENUMCLAWDITCH  

Escherichia coli Fecal Coliform Bacteroides

RB 
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BSE_13_EMUMDITCHUP  

Escherichia coli Fecal Coliform Bacteroides
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BSE_14_BLAKETRIB  

Escherichia coli Fecal Coliform Bacteroides
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BSE_15_WATSONTRIB  

Escherichia coli Fecal Coliform Bacteroides
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BSE_16_284THAVESE  

Escherichia coli Fecal Coliform Bacteroides
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BSE_17_284NORTHTRIB  

Escherichia coli Fecal Coliform Bacteroides
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BSE_18_286THTRIB  

Escherichia coli Fecal Coliform Bacteroides
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BSE_19_284SOUTHTRIB  

Escherichia coli Fecal Coliform Bacteroides
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BSE_20_UPPERBSE410  

Escherichia coli Fecal Coliform Bacteroides



 



What do we know now? 

• Sampling period biased results toward human 
sources 

• We have found some sections of stream with 
definite sources 
– 15 to 14 (96% increase in average FC conc.) 
– Above 19 (16, 17, 18, 20 all essentially baseline – and 

all on different tributaries) 
– 11 and 12 (13 mostly in compliance with State WQ 

Std.) 
– 1, 2, 6, 7, 8, 9 (all still problems) 

 



What do we know now? 

• Still working to understand new molecular 
approaches. 

• Ruminant Bacteroidales  results give us more 
to think about. 
– When and Where do positive results indicate 

domestic animals? 
– Elk and deer? 
– How does this inform the spatio-temporal aspects 

of our sampling? 
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