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Stormwater Monitoring Challenges

▼ Grab (and composite) stormwater samples may not be representative of 
biological impacts to receiving environment

▼ Total recoverable metal concentrations not biologically meaningful

▼ Difficulties with composite autosamplers
 Reliability 
 Costly/labor intensive

▼ Diffusive Gradients in thin Film (DGT)
 Time-averaging
 Relatively inexpensive 
 No major equipment set up
 Lower likelihood for sample contamination

▼ US Navy NESDI Program 
 Demonstration and validation of advanced technologies
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Objectives

1. Integrate passive sampling (e.g. DGT) into existing 
stormwater monitoring programs to improve data collection, 
evaluation of stormwater impacts, and management 
effectiveness

2. Validate the use of passive sampling devices to capture pulse 
inputs from stormwater runoff and better identify sources

3. Optimize stormwater sampling designs to obtain better 
information with lower costs

4. Gain regulatory and public acceptance of technical approach
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Why Passive Sampling? 
Need to sample the pulse (more representative)
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Methods

▼ Samplers from DGT®  Research (C-LSNM)

▼ Chelex 100 binding layer (0.40 mm)

▼ 0.78 mm APA diffusive gel

▼ Polyethersulphone membrane (0.14 mm)

▼ Window size 3.14 cm2

▼ Digestions of binding layer with nitric acid

▼ Analysis by ICP/MS

▼ Exposures from 1.5 hours to 30 days

▼ Freshwater and Saltwater
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Test Sites

I will put a map of west coast here and circle 
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Ambient Monitoring in Sinclair Inlet

March 2016
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▼ DGTs incorporated into ongoing 
ambient nearshore and marine 
monitoring

▼ Two 7-day DGTs overlapping with one 
14-day DGT

 Enclosed in plastic basket 

 Rocks used to weight basket to 1 m depth  



Ambient Monitoring in Sinclair Inlet – Copper

March 2016
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Ambient Monitoring in Sinclair Inlet

November – December 2016
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▼ Two 7-day DGTs overlapping with one 14-day DGT 

▼ 3-d DGTs deployed 4 times per week for two weeks 

▼ 1-month DGTs (coinciding with 1-month POCIS deloyments)

▼ Same deployment methods and stations



November – December 2016, PSNS Stn PS03

Copper

Ambient Monitoring in Sinclair Inlet –

December 2016



Stormwater Monitoring at 

End of Pipe
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Naval Base San Diego

Figure 1. Stormdrain and sheet flow 

discharges at Naval Base San Diego. 

 



Stormwater Monitoring at End of Pipe
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Pavers
Biofiltration

Storm Event DGT Evaluation Storm 

size (in.)

Flow 

duration

(h)

Nov 26, 2016 Lab only 0.32 21.2

Dec 16, 2016 Lab only 0.89 13.7

Jan 18, 2017 Lab + Field 0.90 9.9

Feb 17, 2017 Lab + Field 1.22 10.0

▼ Monitoring with DGTs for Best Management Practice 
(BMP) effectiveness
 Permeable paver and biofiltration BMPs
 DGT deployment coordinated with autosampling at site
 Are DGTs able to provide useful data over short pulsed events?



Laboratory Evaluation of Short Exposure Times

▼Stormwater samples 
collected from 24 hr
composite

▼Samples suspended in 
solution for multiple time 
points:

 1.5, 3, 6, 12, and 24 hours

 Duplicates

 Moderate mixing (67 RPM)
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Laboratory Evaluation of Short Exposure Times

Copper
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 Relatively low ionic strength of stormwater and/or insufficient washing of APA gel can result 
in erratic uptake (Warnken et al. 2005; Davison and Zhang 2012)



Field Deployment in Stormwater

Conveyance Systems

▼ DGTs placed just above 
vault floor in triplicate

▼ Plastic coated HOBO 
level logger to monitor 
water depth 

▼ Samplers deployed for 
whole storm, or used in 
time series to monitor 
labile metals over 
course of storm
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Conclusions and Future Directions

▼ Highly sensitive, reproducible results that support trace level 
changes in metal availability over time in a marine estuary

▼ End of pipe sampling promising, but needs additional work to 
address possible issues associated with…
− Low ionic strength samples
− Potential impacts associated with dynamic systems (pulsed 

exposures, little time for equilibration of metal)
− Comparison with dissolved or total recoverable concentrations 

inappropriate.

▼ Regulatory acceptance 
− Provide supplemental data to reduce costly traditional monitoring
− Connect CDGT to predictors of toxicity (e.g. BLM)
− Develop DOC (saltwater) or DOC and hardness (freshwater) 

relationships for CDGT
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