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On-Site Sewage Facility 
Prevalence

• 25,976,000 Housing units employed 
OSSFs as of 2005 (US Department of Housing and 
Urban Development, US Census Bureau, 2006)

• More than a trillion gallons of wastewater 
pass through these systems each year 
(USEPA 1977)
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Potential Ecological Impacts of 
Wastewater Effluents

Ecological impacts include:
• Mortality
• Impaired growth and reproduction 
• Altered predator-prey relationships
• Nutrient-enhanced productivity

Current Concerns of Wastewater 
Effluents

• Impacts to aquatic ecosystems may be 
higher than expected due to limited 
detection methods

• Can’t find what you’re not looking for!
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OSSF Failures

• What is a failure?
– OSSF hydraulic function is impeded

• Sewage is backed into home
• Evidence of water on the soil surface

– Subsurface treatment failure
• Soil type is not capable of sufficient treatment
• The capacity of the soil to handle pollutant loads 

has been exceeded

Regulatory Parameters?

– Routinely regulated with a few measures such 
as Total Suspended Solids (TSS) and 
Carbonaceous Biochemical Oxygen Demand 
(CBOD)  (TNRCC, 2002)

– Emerging contaminants
• Pesticides, Heavy Metals, Pharmaceuticals, 

Household cleaning and personal care products
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Regulation of OSSFs

• Current regulation provides limited 
information on potential impacts on 
aquatic life 

• Susceptible aquatic systems: 
– Shallow groundwater
– Adjacent lakes and streams 

Benefits of WET Testing

• Whole effluent toxicity (WET) testing provides an 
understanding of test organism responses to the 
complex mixture of compounds in wastewater.

• Chemical analyses only focus on individual 
selected parameters. 

• WET test organism responses (e.g., survival, 
growth, reproduction) integrate chemical, 
biological and physical aspects of effluent 
discharges. 
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Limitations of WET Testing

• The aquatic species employed in WET 
tests do not necessarily represent the 
most sensitive species 

• May not represent the most sensitive 
response variables such as mutagenicity, 
teratogenicity or carcinogenicity

Whole Effluent Toxicity Testing:
U.S. EPA

• Critical component of the U.S. EPA’s Water Quality 
Based Approach to control discharges of toxic materials 

• Used widely to assess centralized municipal and 
industrial wastewater discharges 

• A relatively inexpensive evaluation of effluent water 
quality
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Application of WET Testing to 
OSSFs

• WET testing has not been applied to on-site 
effluents

• OSSFs are known to contain at least 100 
different types of organic contaminants in the 
micrograms per liter range 

• The similarities in physical and chemical 
properties of OSSF effluent and centralized and 
industrial effluent provides grounds for applying 
WET testing methodologies to OSSFs. 

WET tests use 
standardized organisms 
such as Daphnia magna
to measure the 
aggregate toxic effect of 
effluent 

Test Species
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Daphnia magna

Common name: Waterflea
Characteristics:

• Hydrophobic outer body
• Contains a heart and 

circulatory system
• Filter feeders
• Reproduce asexually
• Under stress conditions 

females revert to males and 
are red in color

Hypotheses

• The treatment systems will not have 
significantly different WET test results

• The treatment processes will not show 
significant effects on mortality, growth, and 
reproduction in comparison to the control.

• WET test results are not related to 
chemical parameters’ tested
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Location of Site

The Baylor Wastewater Research 
Program (BWRP) site is located 
at the Waco Metropolitan Area 
Regional Sewerage System 
(WMARSS) in Waco, Texas, and 
immediately adjacent to the NSF 
testing facility. 

ATP
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Distribution System
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ATP

NSF

STP

WTP

Municipal Influent

BWRP

MTP

Sample is based on effluent 
residence time 

Influent
= X (hours)

Municipal
= X + 4 to 8 

Septic and Aerobic
= X + 72

Wetland
= X + 120

The WET test is a 10-day static renewal bioassay
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1. Accounts for renewal of toxicity test every 
other day.

2. Accounts for a maximum sample storage 
time of 96-hours. 

3. Accounts for variability in toxicity over time

Effluent sample collection from each system 
occurred every four days
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Test Employed & Parameters 
Tested

• Toxicity tests utilize one control and four 
dilutions of effluent following a 0.5 dilution series

100%, 50%, 25%, 12.5%

• Reconstituted hard water used for controls and 
effluent dilutions

• Reconstituted hard water is formulated to mimic 
the properties of Central Texas water
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Test Employed & Parameters 
Tested

• Effluents were evaluated with routine 
parameters:TSS, CBOD, pH and NH3

• YSI multiprobes were employed for 24 h 
Temperature, and pH recordings 
throughout the study (explain) 

Discussion of Statistics and 
Chemical Parameters

• Three study periods
– Accounts for influent variability

• Chemical parameters: CBOD, TSS, NH 3

• WET test results

• Ammonia values in relation to water quality 
standards 
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Study Period 1: Chemical Analyses 

Study Period 1: Chemical Parameters
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Study Period 1: Chemical Analyses 
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Study Period 2: Chemical Analyses
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Study Period 2: Chemical Analyses
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Study Period 3: Chemical Analyses
Study Period 3: Chemical Analysis
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Study Period 3: Chemical Analyses

-2

8

18

28

38

48

58

68

78

88

ATP3-1 ATP3-2 ATP3-3 MTP3-1 MTP3-2 MTP3-3 STP3-1 STP3-2 STP3-3 WTP3-1 WTP3-2 WTP3-3

m
g

/L

NH3

12.3 mg/L Ammonia= Species Mean 
Chronic Value Source:Quality Criteria for 
Ammonia (USEPA, 1999)

How Can We Use The Results?

• National Pollutant Discharge Elimination System
– Permits require municipal effluent to have a critical 

dilution limit 
– Corresponds to the proportion of flow that the effluent 

discharge occupies in the receiving system under low 
flow conditions 

Example: If effluent occupies 25% of instream flow of a    
receiving system then a 25% or lower dilution of the 
effluent sample should not result in whole effluent 
toxicity
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Critical Dilution Limit
• Applying this WET test model to OSSFs 

to protect aquatic systems one can 
determine:

Effluent should not comprise a greater 
percentage of a lake, stream, or spring  than 
the lowest observed effect concentration of 
a WET test.

Conclusions

• Overall, water quality of the STP effluent results 
was lower than both the MTP and ATP systems 

• Comparative observations with the WTP effluent 
were generally inconclusive. 

• Due to completion of wetland construction 
immediately prior to study period 1, it is possible 
that the WTP has yet to reach its full wastewater 
treatment potential as macrophyte biomass 
increases. 
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Wetland During Test

April - May 2006

June – July 2006

Conclusions

• Our results indicated that WET testing of OSSF effluents 
may provide a valuable technique for assessing on-site 
water quality

• Testing may add information regarding effluent safety 
that could not be determined with results from routine 
chemistry parameters.

• Results of the toxicity tests performed on septic effluent 
suggest that septic effluent discharged near surface 
water bodies may have deleterious effects on aquatic life 
if little or no treatment occurs in the soil leachfield. 


