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CHAPTER 3.0 
 

RESULTS 
 
 
3.1 Site Characteristics 

Based on the regional locations and residential characteristics described in Chapter 2.0, a 
total of 17 residential sites were monitored (Table 3-1). In Colorado, sites were located in 
Chaffee County (three sites), Adams County (one site), and Jefferson County (two sites). Sites in 
Chaffee County (C-1, C-2, and C-3) were located in the central Rocky Mountains 173 km 
southwest of Denver at approximately 2,600 meters above sea level. In Adams County, the site 
(C-5) was located 138 km east of Denver, and the sites in Jefferson County were located 9 km 
west of CSM (C-4) and on the CSM campus (C-6). All Florida sites were located 78 km south of 
Tallahassee in Wakulla County. The Minnesota sites were clustered into two areas, each within 
an hour of Minneapolis. Three sites (M-1, M-2, and M-3) were located in St. Joseph (Stearns 
County, one hour northwest of Minneapolis). The remaining Minnesota sites (M-4 and M-5) 
were located in Northfield (Dakota County, one hour southeast of Minneapolis). Initially the 
intent was to capture both urban and rural homes. However, no urban sites could be identified 
with all sites in Florida considered suburban, all sites in Minnesota rural, and four rural sites and 
two suburban sites in Colorado. 

Table 3-1. Demographics of Residential Sites Selected for Monitoring. 

Household  
Occupancy Age of Occupants Location Number of  

Sites Monitored 
Couple >65 Colorado 2 
Couple >65 Florida 2 
Couple >65 Minnesota 2 
Couple <65 Florida 1 
Family <65 Colorado 3 
Family <65 Florida 3 
Family <65 Minnesota 3 

Multi-family <65 Colorado 1 
Number of sites in each region = 6 West (Colorado), 6 South (Florida), and 5 Midwest and Northeast (Minnesota). 

 

All systems were 25 years old or less, with the majority being younger than 10 years. All 
tanks were dual compartment concrete tanks and ranged between ~4,000 to 5,700 L, excluding 
site C-4, which had two ~3000 L, non-compartment tanks. The homeowners indicated that all 
septic tanks were pumped at regular intervals. There were no advanced treatment units at any site 
with STE discharged to a soil treatment unit. Nor were any effluent filters installed in the tanks, 
with the exception of at one site in Florida (F-5). At this site, the filter was removed during the 
sampling events. All sites obtained their water from individual private wells, although sites F-3, 
F-4 and F-5 shared a well in their subdivision. All sites in Florida and one site in Minnesota (M-
1) had water meters. 

Site C-6 in Colorado served an eight-unit multifamily apartment complex on the CSM 
campus. Raw wastewater from the apartment building passes through two 5,700 L pre-cast 
concrete tanks and is subsequently pumped approximately 160 m to a 2,800 L holding tank 
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located at the Mines Park Test Site. The first 5,700L tank is a single compartment tank and the 
second 5,700 L tank is a dual compartment tank. For this study, STE was collected at the outlet 
of the second tank prior to pumping to the holding tank at the Mines Park Test Site. The water 
source for C-6 is the City of Golden municipal water supply. Because of the differences in C-6, 
the results are not combined with the other sites in the general analyses of this work, as the waste 
stream was expected to be different than single source residential sites. It should be noted that C-
6 does not include laundry facilities (provided in a separate housing unit at the student housing 
complex) and there were not replicate multifamily sites in this study. However, when 
comparisons of the data were made to previously reported literature values, the data from C-6 
(noted at “Mines Park”) was also noted. 

Each household was given a detailed survey that included questions on water use, 
personal care products and pharmaceuticals used on a regular basis, OWS specifics (e.g., tank 
size, age, last pumping of the tank, etc.), and general household questions such as occupancy, 
number of bedrooms, use of garbage disposal and water softener (Appendix A). A summary of 
key household characteristics for each site monitored is presented in Table 3-2 and Figure 3-1. 

Regional variations in the strength of the waste stream were observed in the Phase 1 
Literature Review and may be the result of the different characteristics of the households and/or 
lifestyle variations in the different regions. These types of variations were observed regionally 
between the sites monitored for this study (Figure 3-2). For example, all Colorado households in 
this study reported the use of antibacterial soaps, while only half of the households in Florida and 
60% of the households in Minnesota reported use of antibacterial soaps. As another example, all 
the Florida households in this study had low-flow toilets (6 liters per flush or 1.6 gallons per 
flush [gpf]), while only 60% of the Colorado and Minnesota households had them. The use of 
low-flow toilets and other water saving fixtures may make the waste stream stronger. Finally, all 
the households in Colorado had garbage disposals, while only one site each in Florida and in 
Minnesota had disposals. As with low-flow fixtures, the use of garbage disposals may affect the 
strength of the waste stream due to the introduction of ground-up food.  

Table 3-2. Characteristics of Residential Sites Selected for Monitoring. 

Region Site 
ID 

Number of 
Occupants 

Occupant 
Age 

Number of 
Bedrooms 

Disposal 
(Y/N) 

Water 
Softener 

Age of 
System 

Tank Size  
(L) 

West C-1 5 <65 3 Y N 2001 5,678 
(Colorado) C-2 6 <65 8 Y N 2001 3,785 

 C-3 2 >65 5 Y Y 2006 5,678 
 C-4 4 <65 4 Y N 1983 two 3,028 tanks 
 C-5 2 >65 2 Y N 2004 3,785 
 C-6 18 <65 16 Y N 1998 two 5,678 tanks 

South F-1 2 <65 3 N N 1999 3,974 
(Florida) F-2 4 <65 2 N N 2002 3,974 

 F-3 2 >65 3 Y N 1999 3,974 
 F-4 2 >65 3 N Y 1999 3,974 
 F-5 3 <65 2 N N 2007 3,974 
 F-6 3 <65 2 N N 1999 3,974 

Midwest/Northeast M-1 5 <65 4 N Y 1998 5,034 
(Minnesota) M-2 5 <65 3 N N 1994 4,731 

 M-3 2 >65 3 N Y 1996 3,785 
 M-4 2 >65 4 Y Y 1987 4,731 
 M-5 6 <65 6 N Y 1988 4,731 
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Figure 3-1. Summary of Average Regional Household Characteristics in this Study. 
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Figure 3-2. Regional Variations in Selected Household Characteristics in this Study. 
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During the spring sampling round (summer sampling round for C-4), a sample of the 
source water was also collected at each site and analyzed for Tier 1 constituents excluding 
cBOD5 and solids. The most noteworthy observation in the source water was the alkalinity 
concentration, with the highest mean value in Minnesota (262 mg/L as calcium carbonate 
[CaCO3]), followed by Florida (151 mg/L as CaCO3) and Colorado (103 mg/L as CaCO3) (Table 
3-3). Concentrations of all other standard constituents were low or below detection limits (i.e., 
non-detect). Anions were measured in source water during the summer sampling event using Ion 
Chromatography, USEPA Method 300.0 using Dionex DX-600 equipped with an AS4A anion 
exchange column. Several sites had elevated levels of chloride concentrations (C-3, C-5, F-2, F-
5, and M-3), at one site (C-5) sulfate concentrations was significantly elevated (617 mg/L), and 
the nitrate-nitrogen concentration was slightly elevated (1.88 mg-N/L) at C-3 with no 
explanation available at this time (Table 3-3). 

Table 3-3. Selected Household Source Water Tier 1 Characteristics and Anions. 

Site ID pH Alkalinity 
(mg-CaCO3) 

Chloride 
(mg-Cl/L) 

Nitrate1 
(mg-N/L) 

Sulfate 
(mg-SO4/L) 

    Spring Summer  
C-1 7.35 40 0.40 BDL 0.13 17.64 
C-2 7.25 44 1.39 BDL 0.52 8.95 
C-3 7.44 126 35.34 4.1 1.88 39.71 
C-4 7.42 28 6.89 BDL 0.02 3.76 
C-5 8.03 202 83.37 BDL 0.05 617.47 
C-6* 7.89 37 5.97 BDL 0.08 31.47 
F-1 7.83 91 5.87 BDL 0.14 4.58 
F-2 7.38 144 50.76 BDL 0.03 15.22 
F-3 7.60 176 5.49 BDL 0.08 22.15 
F-4 7.89 174 5.01 BDL 0.01 4.78 
F-5 7.46 136 54.88 BDL 0.03 15.43 
F-6 7.81 185 5.09 BDL 0.02 6.04 
M-1 7.65 330 1.00 BDL 0.02 15.49 
M-2 7.44 220 1.26 BDL 0.04 9.40 
M-3 7.43 188 34.76 16.9 0.16 44.19 
M-4 7.25 304 1.55 BDL 0.02 6.74 
M-5 7.43 268 9.56 BDL 0.03 33.96 

1  Nitrate-nitrogen analyzed by photospectrameter in Spring and by ion chromatography in Summer. 
BDL = below detection limit. 
* Mines Park multifamily housing unit. 

 

The source water was also analyzed for cations (using Inductively-Coupled Plasma 
Atomic Emission Spectroscopy) during the spring and summer sampling rounds (Table 3-4). The 
most noteworthy results indicate the use of water softeners at three sites, C-3 (potassium based 
water softener), and F-4 and M-1 (sodium based water softeners). Elevated levels of cations at 
the other sites in Minnesota where water softeners are used (M-3, M4, and M-5) were not 
observed. Only sites C-3 and M-3 returned the water softener backwash cycle to the tank. There 
is no explanation for the high levels of sodium in the source water at site C-5.  
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Table 3-4. Selected Cations Present in the Household Source Water (mg/L). 

Site Calcium Potassium Magnesium Manganese Sodium 
ID Spr Sum Spr Sum Spr Sum Spr Sum Spr Sum 

C-1 15.15 15.23 BDL BDL 2.16 2.17 0.0007 0.0119 3.28 3.39 
C-2 14.98 14.38 1.83 BDL 2.33 2.33 BDL 0.0116 7.53 8.00 
C-3 0.21 0.32 119.50 95.58 0.04 0.15 BDL 0.0004 41.42 35.73 
C-4 BDL 8.07 BDL 1.24 BDL 2.25 BDL 0.0207 BDL 8.07 
C-5 38.69 38.79 7.38 3.98 6.75 6.73 0.0340 0.0412 349.45 332.58 
C-6* 37.09 15.30 3.30 3.36 9.20 3.69 0.0028 0.0042 29.70 15.92 
F-1 39.28 37.54 BDL BDL BDL BDL 0.0007 0.0014 2.50 3.14 
F-2 52.67 52.04 BDL BDL 11.09 9.69 0.0082 0.0100 42.72 29.21 
F-3 BDL 49.75 BDL BDL BDL 6.71 BDL 0.0003 BDL 14.22 
F-4 0.27 0.12 BDL BDL 0.03 0.04 0.0009 0.0003 92.15 81.38 
F-5 50.23 50.89 BDL BDL 10.35 10.18 0.0091 0.0397 40.79 32.18 
F-6 BDL 58.59 BDL BDL BDL 7.88 BDL 0.0003 BDL 4.73 
M-1 0.41 0.65 BDL BDL BDL BDL 0.0015 0.0020 146.30 151.21 
M-2 60.16 46.21 2.75 2.54 16.05 12.93 0.1708 0.0937 1.57 4.27 
M-3 94.56 90.43 3.96 3.61 28.95 27.26 0.0381 0.1310 21.35 22.03 
M-4 77.75 83.02 6.75 2.06 27.10 29.35 0.1346 0.1431 2.90 4.37 
M-5 84.08 73.09 3.65 1.96 29.18 26.08 0.2324 0.2086 1.70 2.79 

BDL = below detection limit. 
* Mines Park multifamily housing unit. 

 

3.2 Tier 1: Conventional Constituents 
Tier 1 conventional constituents of interest were analyzed in all raw wastewater and STE 

samples collected to obtain basic information on residential OWS. These Tier 1 constituents 
included daily indoor water use (flow), pH, alkalinity, TS, TSS, cBOD5, COD, TOC, DOC, total 
nitrogen, ammonium-nitrogen, nitrate-nitrogen, total phosphorous, and fecal coliform bacteria. 
Comparison of Tier 1 values measured in this study to the values reported in the Phase 1 
Literature Review are provided in Appendix B. Descriptive statistics as well as regional, 
seasonal, and age of occupant comparisons are also presented in Appendix B. 

3.2.1 Flow 
Household water use is an important parameter used for design of OWS and is often 

based on an estimated per capita occupancy of the bedrooms and some expected median per 
capita water use value. A conservative peak factor is then often used (e.g., 1.5 times the average 
design flow) to ensure performance during high or peak flow periods. This design approach often 
leads to conservatively oversized tanks and soil treatment units and the additional associated 
costs to the homeowner. A clear understanding of actual interior water use is crucial to enable 
OWS designers and decision makers to evaluate various potential designs and performance 
implications.  

In this study, the volume of water used during each 24-hour sampling event was 
measured with a flow meter installed after the macerating vacuum pump. Consequently, all 
indoor water use was measured. To ensure the accuracy of the flow meter the readings were 
compared to flow meters installed on the source water inlet line at seven residences (six in 
Florida and one in Minnesota). During the test, the homeowners were asked to not use any 
source water for outdoor activities. The flow meter installed after the macerating vacuum pump 
slightly under-estimated the water use by 1-5%.  
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Figure 3-3 is the CFD water use from all sampling rounds (sites, region, and season) 
during this study in liters per capita per day (L/capita/d). The median rate is 171 L/capita/d (45.2 
gallons per capita per day [gpcd]), while the IQR is 116-252 L/capita/d (30.6-66.6 gpcd). In 
comparison, the American Water Works Foundation conducted a study on 1,100 households and 
found a median rate of 229 L/capita/d (60.5 gpcd) (Mayer et al., 1999). 
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Figure 3-3. Per Capita Household Water Use. 

 

Figure 3-4 shows a box plot illustrating the regional distribution of water use. Although 
the highest mean rates were found in Colorado, and the lowest mean rates in Florida, the graph 
does not clearly conclude if water use varies between the regions. A one-way ANOVA test 
indicated there was no statistical difference in mean water use between regions at a 45% 
confidence limit (P=0.45).  

There was also a significant difference in the water use based on the age of the occupants 
with per capita water use for occupants >65 years old nearly double the per capita water use for 
younger occupants. The average per capita water use was 297 L/capita/d (78.4 gpcd) in 
households where the occupants were older than 65, compared to 148 L/capita/d (39.0 gpcd) in 
households with younger residents (Appendix B). 
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Figure 3-4. Regional Distribution of Water Use (L/capita/d). 

 

Based on the indoor water use at each site, the hydraulic residence time of the tank was 
estimated during each sampling event (Table 3-5). The residence time at C-6 (Mines Park multi-
family unit) was based on the combined volume of both tanks. The average regional daily flow 
and hydraulic residence time was determined based on the all sampling rounds at each site within 
the region. Average daily water use was 721, 445, and 796 L/d in Colorado, Florida, and 
Minnesota (excluding C-6). Average hydraulic residence times were nine, 13, and seven days in 
Colorado, Florida, and Minnesota. Based on age of the occupants, the average hydraulic 
residence times were 11 days for occupants under 65 and eight days for occupants over 65. 

Table 3-5. Estimated Septic Tank Hydraulic Residence Times at Each Site. 

Site Id Occupants Septic Tank 
Size (L) 

Indoor Water Use 
(L/d) 

Hydraulic Residence Time 
(d) 

 Age Number  mean range mean range 
C-1 <65 5 5,678 647 386-1,226 11 5-15 
C-2 <65 6 3,785 683 379-1,571 8 2-10 
C-3 >65 2 5,678 607 416-761 10 7-14 
C-4 <65 4 6,056 559 462-681 11 9-13 
C-5 >65 2 3,785 1,111 503-1,529 4 2-8 
C-6* <65 18 2 x 5,700 4,645 2,933-5,988 2.5 1.9-3.9 
F-1 <65 2 3,974 222 87-410 24 10-46 
F-2 <65 4 3,974 471 313-772 10 5-13 
F-3 >65 2 3,974 525 333-762 8 5-12 
F-4 >65 2 3,974 534 282-920 9 4-14 
F-5 <65 3 3,974 519 83-844 17 5-48 
F-6 <65 3 3,974 399 162-560 13 7-25 
M-1 <65 5 5,034 762 590-1,022 7 5-9 
M-2 <65 5 4,731 1,115 502-2,025 5 2-9 
M-3 >65 2 3,785 519 331-704 8 5-11 
M-4 >65 2 4,731 584 237-792 10 6-20 
M-5 <65 6 4,731 1,141 783-1341 4 4-6 
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3.2.4.1 Total Solids (TS) 
As expected, the TS in both raw wastewater and STE were found to vary significantly 

(Figure 3-9). In raw wastewater, the solids concentration ranged from 252 to 3,320 mg/L, while 
in the STE it ranged from 290 to 3,665 mg/L. The average TS concentration in raw wastewater 
was found to be 1,154 mg/L, with a median value of 1,028 mg/L. The average concentration in 
STE was 873 mg/L, with a median of 673 mg/L. The literature review provided little information 
on TS.  
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Figure 3-9. TS in Raw Wastewater and STE. 

 

3.2.4.2 Total Suspended Solids (TSS) 
Although the range of TSS in raw wastewater was quite large (22-1,690 mg/L), 80% of 

all values were below 400 mg/L (Figure 3-10). The median TSS concentration in raw wastewater 
was 232 mg/L. The literature review showed a range of TSS values in the raw wastewater from 
23 to 2,233 mg/L, with 90% of all values less than 602 mg/L.  

Compared to raw wastewater, little TSS variability was observed in STE concentrations. 
The median TSS concentration was 61 mg/L, with an IQR between 49 and 84 mg/L. This IQR is 
within the range of 22 to 276 mg/L reported in the literature. The small variability of TSS in the 
STE suggests that the tank is a reliable approach for reduction of TS and TSS in wastewater. 
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Figure 3-10. TSS in Raw Wastewater and STE. 

 

3.2.5 Carbonaceous Biochemical Oxygen Demand (cBOD5) 
The BOD determination is an empirical test to quantify the relative biodegradable 

organics present in wastewater. The five-day BOD test (BOD5) measures the oxygen utilized to 
oxidize organic material, inorganic material, and reduced forms of nitrogen in the sample (as 
determined by consumption of dissolved oxygen over five days). The carbonaceous BOD test 
(cBOD5) incorporates the use of a nitrification inhibitor such that only the oxygen demand 
exerted by the oxidizable carbon in the sample is measured. The oxygen demand of organic 
material in the wastewater can be one of the most important design aspects for OWS. High BOD 
levels may interfere with aerobic processes as well as the decomposition of organic matter 
generates cell growth, which over time may cause loss of infiltration in subsequent engineered 
treatment units (e.g., filters, soil treatment unit, etc.). 

The cBOD5 in raw wastewater ranged from 112 to 1,101 mg/L, with an average of 
443 mg/L and a median value of 420 mg/L. This is higher than the median value found in the 
literature review (343 mg/L), but similar to that cited by Crites and Tchobanoglous (1998) (450 
mg/L). The range of cBOD5 in STE was found to be 44-833 mg/L, with an average of 252 mg/L 
and a median value of 216 mg/L. Similar to raw wastewater this is higher than previously 
reported in the literature, where the median value was found to be 156 mg/L. By comparing the 
median values for raw wastewater and STE, 49% removal of cBOD5 within the septic tank was 
observed in this study. This removal is on the upper end of the typical BOD removal range of 30-
50% reported in U.S. EPA 2002. Of note, the concentrations in raw wastewater poorly correlate 
with STE concentrations (see Section 4.4). Figure 3-11 illustrates the range of cBOD5 values in 
both raw wastewater and STE.  
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Figure 3-11. cBOD5 in Raw Wastewater and STE. 

 
3.2.6 Chemical Oxygen Demand (COD) 

COD is an indirect measurement of the amount of oxygen used by inorganic and organic 
matter in the wastewater. Because the COD test can show the presence of organic materials that 
are not readily susceptible to attack by microorganisms, the COD values are typically higher than 
BOD values for the same sample. 

COD values in raw wastewater were found to range from 139 to 4,584 mg/L. However, 
the three highest values (4,584, 2,932, and 2,189 mg/L) were deemed as outliers and when 
eliminated from the data set, then the COD concentrations ranged from 139 to1,650 mg/L with 
an average concentration of 845 mg/L and the median value of 846 mg/L (Figure 3-12). This is 
slightly lower than the values reported in the literature, where the median value was found to be 
905 mg/L.  

Little COD variability was observed in STE concentrations as illustrated by the steep 
slope of the data on the CFD (Figure 3-12). Although the COD concentrations ranged from 201 
to 944 mg/L, the IQR range was relatively small (320-552 mg/L). The average value was 444 
mg/L, with a median of 389 mg/L. In comparison, the results from the literature review showed a 
range in COD values from 157 to 710 mg/L (after the exclusion of one outlier of 1,931 mg/L), 
with an IQR of 266-458 mg/L. This suggests that little change has occurred in the COD 
concentrations in STE over the last few decades.  
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Figure 3-12. COD in Raw Wastewater and STE. 

 

3.2.7 Total Organic Carbon (TOC) and Dissolved Organic Carbon (DOC) 
Organic matter plays an important role in the environment as it affects biochemical 

processes, nutrient cycling, chemical transport and interactions. Organic matter content is 
typically measured as either TOC (unfiltered sample) or DOC (fraction of DOC that passes 
through a 0.45μm filter). Both the TOC and DOC analyses are fast and accurate tests for 
assessing the carbon content in wastewater. However, they do not provide the same insight into 
the wastewater composition as either BOD or COD. For this reason, limited information was 
present in the existing literature related to TOC and DOC concentrations in raw wastewater and 
STE: 1 reference for TOC in raw wastewater, 11 references for TOC in STE, no references for 
DOC in raw wastewater, and 3 references for DOC in STE. 

The TOC concentrations in raw wastewater ranged from 35 to 738 mg/L, with an average 
of 202 mg/L and a median value of 183 mg/L (Figure 3-13). The range is much greater than that 
reported by Crites and Tchobanoglous (1998) for untreated wastewater (80-290 mg/L) or in the 
literature (121 mg/L, Edvardsson and Spears, 2000). The range of values in STE was 50-243 
mg/L, with an average of 111 mg/L and a median value of 105 mg/L. These values agree with 
the results of the literature review, where the concentrations ranged from 41 to 147 mg/L. 

The DOC concentrations in raw wastewater ranged from 29 to 679 mg/L, with an average 
of 138 mg/L and a median value of 109 mg/L (Figure 3-14). The range of values in STE was 22-
140 mg/L, with an average of 73 mg/L and a median value of 66 mg/L.  
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Figure 3-13. TOC in Raw Wastewater and STE. 

 

 

 

0

20

40

60

80

100

0 100 200 300 400
Dissolved Organic Carbon (mg/L)

C
um

ul
at

iv
e 

Fr
eq

ue
nc

y 
(%

)

Raw (n = 61)
STE (n = 60)

 
Figure 3-14. DOC in Raw Wastewater and STE. 
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3.2.8 Nitrogen 
The different species of nitrogen present in OWS include organic-nitrogen, ammonium-

nitrogen, nitrite-nitrogen, and nitrate-nitrogen. All of these forms of nitrogen are of interest for 
OWS design. The predominant forms of nitrogen in raw wastewater are organic-nitrogen and 
ammonium-nitrogen. Because the septic tank is generally anaerobic, rapid conversion of organic-
nitrogen to ammonium-nitrogen occurs in the STE (ammonification). Nitrogen remains 
predominantly as ammonium-nitrogen in STE; however, once applied to an aerobic treatment 
unit, ammonium-nitrogen is converted to nitrite-nitrogen then nitrate-nitrogen through 
nitrification if sufficient oxygen along with the proper microbial population is present. 
Subsequently, if anaerobic conditions and the required microbial population are present, 
denitrification converts nitrate-nitrogen to nitrogen gas. These nitrogen transformations are 
critical to environmental nitrogen loading especially in sensitive receiving environments. 

3.2.8.1 Total Nitrogen   
Total nitrogen is often of primary importance in a wastewater. Total nitrogen is typically 

assumed to range between 20-85 mg-N/L in untreated waste water, and 50-90 mg-N/L in STE 
(Crites and Tchobanoglous, 1998). The results from the literature review show a range of 44-189 
mg-N/L in the raw wastewater, while in the STE the total nitrogen ranged between 26-124 mg-
N/L. The results of this work show a much greater range in values in raw wastewater (9-240 mg-
N/L) (Figure 3-15). The range of values in STE, on the other hand, was very similar to the 
literature values (27-119 mg-N/L). The large range in raw wastewater values is not surprising 
due to different daily water use activities that significantly dilute or strengthen the waste stream 
composition. Median values for both the raw wastewater and STE are essentially the same (~60 
mg-N/L), suggesting little overall removal of total nitrogen within the septic tank. 
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Figure 3-15. Total Nitrogen in Raw Wastewater and STE. 
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3.2.8.2 Total Kjeldahl Nitrogen (TKN) 
TKN is the combination of organic nitrogen and ammonium-nitrogen. While it does not 

include nitrite- or nitrate-nitrogen concentrations, TKN is assumed equivalent to total nitrogen as 
the fraction of nitrite- and nitrate-nitrogen is assumed to be small in wastewater. Samples at 
~50% of all sites were sent to an outside laboratory in each region for TKN analysis (Figure 
3-16). The results show a similar distribution as total nitrogen, with a median value for both raw 
wastewater and STE of 57 mg-N/L. The raw wastewater range was 16-189 mg-N/L, which is a 
larger range compared to the values reported in the literature (43-124 mg-N/L). Similarly, the 
STE ranged from 33 to171 mg-N/L, while the range of values found in the literature was smaller 
(27-95 mg-N/L). As with total nitrogen, little overall difference in TKN was observed between 
the raw wastewater and STE, suggesting little nitrogen removal in the septic tank. 
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Figure 3-16. TKN in Raw Wastewater and STE. 

 

3.2.8.3 Ammonium-Nitrogen 
Nitrogen may be present as either ammonium ions (NH4

+) or as ammonia gas (NH3), 
depending on the pH in the wastewater. When the pH is below 9.3, ammonium is predominant, 
which is usually the case in both raw wastewater and STE (Figure 3-7). In raw wastewater 
nitrogen is predominantly in the form of organic-nitrogen with the fraction of ammonium-
nitrogen relatively low. In the anaerobic septic tank, the conversion of organic-nitrogen to 
ammonium-nitrogen is rapid and nitrogen remains predominantly as ammonium in STE.  

The concentrations of ammonium-nitrogen in raw wastewater varied significantly (Figure 
3-17) with a lognormal distribution (i.e. little variability in the low values while the high values 
tail to the right). The range was 1.6-94 mg-N/L; however, the IQR was 8-30 mg-N/L, suggesting 
that the high values are not typical in raw wastewater. The median concentration was 13.7 mg-
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N/L. Ammonium-nitrogen results from the literature review ranged from 8.8 to 154 mg-N/L with 
an IQR of 27-53 mg-N/L, and a median value of 47 mg-N/L. The large discrepancy in median 
values between this study and the literature review may be due to the limited number of studies 
(n=12) previously reported in the literature. 

Ammonium-nitrogen in STE ranged from 25 to 112 mg-N/L, with an IQR of 42-68 mg-
N/L. The average value was 56 mg-N/L and the median 53 mg-N/L. Seventy-eight literature 
studies reported ammonium-nitrogen concentrations in STE ranging from 0-96 mg-N/L, with an 
IQR of 28-44 mg-N/L, and a median value of 36 mg-N/L. The results of this work suggest that 
ammonium-nitrogen concentrations are higher in STE than may have been previously assumed. 
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Figure 3-17. Ammonium-nitrogen in Raw Wastewater and STE.  

 

3.2.8.4 Nitrate-Nitrogen 
Information on nitrate-nitrogen concentrations in OWS are of utmost concern as nitrate 

contaminated drinking waters has been linked to various illnesses (methemoglobinemia) and 
environmental concerns. Unlike other Tier 1 constituents, a drinking water standard has been 
established for nitrate-nitrogen (10 mg-N/L). Although the largest fraction of nitrogen in STE is 
in the form of ammonium-nitrogen with little to no nitrate-nitrogen present, the ammonium-
nitrogen is either sorbed or converted to nitrate-nitrogen once applied to the soil treatment unit.  

The concentrations of nitrate-nitrogen in raw wastewater ranged from below detection 
limits (0.2 mg-N/L) to 8.5 mg-N/L, with an average of 2.1 mg-N/L and a median value of 1.9 
mg-N/L (Figure 3-18). These values are higher than previously reported in the literature (below 
detection limits to 1.1 mg-N/L). Although the range in concentrations in the STE was 0.1-7.1 
mg-N/L, little overall variability existed (if outliers were excluded). This is clearly shown by the 
IQR of 0.6-1.1 mg-N/L. The literature review showed a similar range in values (0-10.3 mg-N/L), 
although the IQR was lower (0.05-0.7 mg-N/L).  
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Figure 3-18. Nitrate-nitrogen in Raw Wastewater and STE.  

 

3.2.9 Total Phosphorus 
Phosphorus is a key nutrient essential for biological growth; however, controlling the 

amount of phosphorus discharged to the environment is an important factor in preventing 
eutrophication of surface waters. Eutrophication could result in loss of recreational value, harm 
to wildlife relying on surface waters, and possibly harmful effects of toxins produced by the 
algae. The discharge of phosphorus from OWS is typically unregulated but comparisons to 
concentrations in the range of 4 to 13 mg-P/L in municipal wastewater treatment plant effluent 
may be insightful (Reynolds and Richards, 1996). 

Total phosphorus varied significantly in raw wastewater with values ranging between 0.2 
and 32 mg-P/L. While the spread in values was quite large, no outliers were present. Even the 
IQR (6.7 to 16.4 mg-P/L) shows a large range in values. The median phosphorus concentration 
was 10.4 mg-P/L. In contrast, the median value found in the literature was 19 mg-P/L.  

A similar range of total phosphorus was present in the STE (0.2 to 33 mg-P/L); however, 
the highest value was deemed an outlier (Figure 3-19). The IQR was 7 to 12.1 mg-P/L, and the 
median value was 9.8 mg-P/L which is similar to that reported in the literature review (10 mg-
P/L). Overall, these values are lower compared to the range of values reported in Crites and 
Tchobanoglous (1998). A possible explanation may be that this work includes only waste from 
residential sources, while Crites and Tchobanoglous include waste from a variety of sources. The 
range of total phosphorus values in STE agree with those reported by McCray et al. (2005). A 
comparison of the IQR between raw wastewater and STE shows, as expected, little removal of 
total phosphorus in the septic tank. 
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Figure 3-19. Total Phosphorus in Raw Wastewater and STE.  

 

3.2.10 Tier 1 Summary 
The results from the sampling event are summarized in Table 3-7. It is helpful to compare 

the results of this study with the reported ranges in Onsite Wastewater Treatment Systems 
Manual (U.S. EPA, 2002) and Small and Decentralized Wastewater Management Systems 
(Crites and Tchobanoglous, 1998) because both are typically cited for median values and 
constituent ranges in raw wastewater and STE. The median values measured in this study of all 
constituents (except cBOD5) fall within the range reported in these two references. However, the 
constituent ranges of this work are significantly larger and are likely attributed to the limited 
number of previous studies on raw wastewater composition. 
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Table 3-7. Summary of Tier 1 Constituents from This Study and Previously Reported (in mg/L). 

  This Study U.S. EPA 
(2002) 

Crites and 
Tchobanoglous 

(1998) 
  Median Range1 Lit. Review   

Alkalinity 
(as CaCO3)   

Raw 260 65 – 575 NR NR NR 
STE 411 172 – 862 NR NR 60 – 120 

TS Raw 1,028 252 – 3,320 NR 500 – 880 350 – 1,200 
STE 623 290 – 3,665 NR NR  NR 

TSS Raw 232 22 – 1,690 18 – 2,230 155 – 330 100 – 350 
STE 61 28 – 192 22 – 276 50 – 100 40 – 140 

cBOD5 Raw 420 112 – 1,101 30 – 1,147 155 – 286 110 – 400 
STE 216 44 – 833 38 – 861 140 – 200 150 – 250 

COD Raw 849 139 – 4,584 540 – 2,404 500 – 660 250 – 1,000 
STE 389 201 – 944 157 – 1,931 NR 250 – 500 

TOC Raw 184 35 – 738 NR NR 80 – 290 
STE 105 50 – 243 NR 31 – 68 NR 

DOC Raw 110 29 – 679 NR NR NR 
STE 66 22 – 140 NR NR NR 

Total nitrogen Raw 60 9 – 240 44 – 189 26 – 75 20 – 85 
STE 63 27 – 119 26 – 124 40 – 100 NR 

TKN (as N) Raw 57 16 – 248 43 – 124 NR NR 
STE 60 33 – 171 27 – 94 19 – 53 50 – 90 

Ammonium-
nitrogen (as N) 

Raw 14 2 – 94 9 – 154 4 – 13 12 – 50 
STE 53 25 – 112 0 – 96 NR 30 – 50 

Nitrate-nitrogen 
(as N) 

Raw 1.9 BDL – 9 0.05 – 1.1 <1 0 
STE 0.7 BDL – 7 0 – 10.3 0.01 – 0.16 NR 

Total 
phosphorus 

Raw 10.4 0.2 – 32 13 – 26 6 – 12 4 – 15 
STE 9.8 0.2 – 33 3 – 40 7.2 – 17 12 – 20 

1  All data included, outliers were not removed 
NR = not reported  
BDL = below detection limits 

 

3.3 Tier 2: Oil and Grease and Microorganisms 
Tier 2 constituents included oil and grease and microorganisms providing addition 

information on the waste stream composition. Approximately 50% of the samples collected were 
submitted for oil and grease analysis. Microbial analyses were conduced on all of the samples for 
fecal coliform bacteria and E. coli while coliphage was analyzed in 20% of the samples. While 
fecal coliform bacteria was a Tier 1 constituent, the findings are reported in Section 3.3.2 with E. 
coli and coliphage because of similar analytical techniques.  

3.3.1 Oil and Grease 
Oil and grease typically originate from food wastes and other petroleum products. Oil and 

grease is separated in the septic tank by floatation, but problems can arise if too much oil and 
grease enters the septic tank. For example, oil and grease does not break down easily resulting in 
an increased scum layer which in turn requires more frequent pumping. If oil and grease is not 
effectively removed in the septic tank, subsequent buildup in pipes or the soil treatment unit may 
lead to clogging. 

Oil and grease in raw wastewater varied from 10 to 109 mg/L (Figure 3-20), which is 
slightly lower compared to the values reported in the literature review of 16 to 134 mg/L. This 
might be due to changing lifestyle habits (e.g. use of olive oil instead of lard for cooking), but 
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remains unclear at this time. For STE, the oil and grease values ranged from 7 to 37 mg/L. Only 
two sources were found previously in the literature (31 and 32 mg/L). 
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Figure 3-20. Oil and Grease in Raw Wastewater and STE.  

 

3.3.2 Microorganisms 
All samples were analyzed for fecal coliform bacteria and E. coli while 20% of the 

samples were also analyzed for coliphage. Detection of coliphage was not performed on summer 
samples. Because microorganism counts typically range over several orders of magnitude the 
data is best represented by the range and geometric mean (Figures C-7 through C-9). In raw 
wastewater, fecal coliform bacteria ranged from 1.0×104 to 1.73×108 MPN/100mL and E. coli 
ranged from 1.0×104 to 8.16×107 MPN/100mL. The geometric mean was 1.58×106 for fecal 
coliform and 3.04×105 for E. coli. In STE, fecal coliform bacteria ranged from 3.1×103 to 
2.01×107 MPN/100mL and E. coli ranged from 1.0×103 to 9.35×106 MPN/100mL. The 
geometric mean was 4.93×105 for fecal coliform and 8.09×104 for E. coli. Overall (across all 
sampling sites) there was a decrease of approximately 1 order of magnitude in fecal coliforms 
and E. coli from the raw wastewater sample to the STE sample. This is not surprising as the 
septic tank is often considered to attenuate many of the constituents in the waste stream prior to 
release to the soil treatment unit. 

Coliphages are bacteriophages (viruses), which infect and replicate in coliform bacteria 
found in the intestines of warm blooded organisms. The detection of the coliphages along with 
additional characterization may provide insight into the potential for other pathogenic organisms 
to survive OWS treatment processes and subsequent release to the environment. Of the total 
samples analyzed for coliphage, the majority in all regions (n=28) were non-detects with only six 
samples tested positive for coliphage. The maximum coliphage detected was 4,612 coliphage/ 
100ml (in Minnesota). Due to the sporadic appearance and the long turn-around-time for results, 
coliphage detection may not be a sufficient indicator of fecal pollution as previously suggested. 
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Rather, it is likely that the detection of fecal coliphage in the waste stream is an indication of an 
episodic viral event with in the household. Thus, detection of coliphage may be important when 
investigating infectious disease outbreaks suspected to be caused by fecally contaminated 
drinking water. 

Samples collected daily for a week and at four times during a single day were also 
examined for fecal coliforms and E. coli. The data indicated that fecal coliforms and E. coli 
numbers vary greatly from day to day, and are likely dependant on the activities of the 
household. The values observed in raw wastewater were more variable than in the STE for each 
region and is likely due to the attenuation of the waste stream in the septic tank. Although 
limited, a possible spike in fecal coliforms and E. coli numbers appears during the morning. 
Although it is unclear, it is also logical that there could be a spike at this time of day due to 
increased bathroom activities that generally occurs at this time. 

Comparisons were examined within regions and sampling seasons, and across regions 
and sampling seasons. In general both fecal coliform and E. coli numbers were greatest in 
Minnesota and the least in Colorado (Figure 3-21). This phenomenon may be and indicator of 
water use or may make suggestions about household activities.  
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Figure 3-21. Regional Variations in Fecal Coliform Bacteria and E. coli.  

 

In general, there appeared to be a lower concentration of fecal coliforms in the raw 
wastewater in the winter months in all regions (Figure 3-22). In Colorado the fall samples were 
slightly lower than in the winter, but the fall sampling was conducted in November during 
relatively cool temperatures. Furthermore, the fall and winter raw wastewater samples were 
nearly identical in fecal coliform enumeration (2.05 × 105 and 2.64 × 105 respectively), as were 
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spring and summer (1.35 × 106 and 1.31 × 106 respectively). In general, little seasonal variation 
was observed in fecal coliform and E. coli numbers in STE (Figure 3-23).  
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Figure 3-22. Seasonal Variations of Fecal Coliform Bacteria in Raw Wastewater.  
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Figure 3-23. Seasonal Variations of Fecal Coliform Bacteria in STE.  
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3.4 Tier 3: Trace Organic Wastewater Constituents 
The occurrence of trace organic constituents in raw wastewater and STE were monitored. 

These Tier 3 constituents included consumer product chemicals (4-nonylphenol, 4-
nonylphenolmonoethoxylate, EDTA, NTA, bisphenol A, caffeine, triclosan), pharmaceutical 
residues (ibuprofen, naproxen, gemfibrozil, diclofenac, salicylic acid), pesticides (mecoprop, 
dicloprop), as well as chlorinated flame retardants (TCEP, TCPP, TDCPP). At six sites, C-1, 
C-3, F-2, F-4, M-1, and M-3, 24-hour composite samples of raw wastewater and STE were 
collected during fall, winter, and spring sampling events for Tier 3 analyses.  

3.4.1 Consumer Product Chemicals (Method 1) 
Consumer product chemicals were detected frequently and at a wide range of 

concentrations in raw wastewater and STE (Tables 3-8 and 3-9). Four compounds were detected 
in all raw wastewater samples – caffeine, EDTA, NP1EO, and triclosan (note: EDTA was only 
analyzed during the fall event). The same four compounds and NTA (analyzed only during the 
fall event) were detected in all STE samples. The surfactant metabolite 4-nonylphenol was also 
detected frequently, in 69 and 86% of raw wastewater and STE samples, respectively. The 
plasticizer bisphenol A was detected less frequently (8% and 43% in raw wastewater and STE, 
respectively). 

The concentrations of consumer product chemicals ranged over three orders of 
magnitude, from low microgram per liter levels to over 1 mg/L for select compounds. Levels in 
raw wastewater are similar to or higher than previously reported levels in municipal centralized 
wastewater treatment plant (WWTP) influent (note: example values rather than an exhaustive list 
of literature values are given). Levels in STE are similar to or higher than previously reported 
STE levels, and greater than concentrations previously reported in secondary treated effluents 
(Table 3-10).  

 
Table 3-8. Summary of Consumer Product Chemical Results in Raw Wastewater from this Study. 

Consumer Product 
Chemical CASRN Use RL 

(μg/L) 
Frequency 

of Detection 
(percent)  

Max. Conc. 
(μg/L) 

Median Conc. 
(μg/L) 

Bisphenol A 80-05-7 plasticizer 0.2 1/12 (8) 18 <RL (18)  
Caffeine 58-08-2 stimulant 0.2 13/13 (100) E1800 93 
EDTA 60-00-4 metal-chelating agent 0.1 4/4 (100) E720 33 
NTA 139-13-9 metal-chelating agent 0.02 1/4 (25) 4.5 <RL (4.5) 
4-Nonylphenol 25154-52-3 surfactant metabolite 2 9/13 (69) 66 6.8 
NP1EO 9016-45-9 surfactant metabolite 1 13/13 (100) 23 7.5 
Triclosan 3380-34-5 antimicrobial 0.2 13/13 (100) 230 19 

CASRN = Chemical Abstracts Service Registry Number 
RL = reporting level  
Frequency of detection = number of samples with concentrations greater than the RL / total number of samples (percent 
detection in parentheses). If the median concentrations was <RL, median concentration of detections is in parentheses.  
E = Estimated, concentration exceeded maximum value of standard curve  
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Table 3-9. Summary of Consumer Product Chemical Results in STE from this Study. 

Consumer Product 
Chemical CASRN Use RL 

(μg/L) 
Frequency 

of Detection 
(percent) 

Max. Conc. 
(μg/L) 

Median Conc. 
(μg/L) 

Bisphenol A 80-05-7 plasticizer 0.2 6/14 (43) 13 <RL (2.3) 
Caffeine 58-08-2 stimulant 0.2 14/14 (100) 850 130 
EDTA 60-00-4 metal-chelating agent 0.1 4/4 (100) 100 22 
NTA 139-13-9 metal-chelating agent 0.02 4/4 (100) 7.0 3.8 
4-Nonylphenol 25154-52-3 surfactant metabolite 2 12/14 (86) 650 34 
NP1EO 9016-45-9 surfactant metabolite 1 14/14 (100) E1000 15 
Triclosan 3380-34-5 antimicrobial 0.2 14/14 (100) 57 5.7 

CASRN = Chemical Abstracts Service Registry Number 
RL = reporting level  
Frequency of detection = number of samples with concentrations greater than the RL / total number of samples (percent 
detection in parentheses). If the median concentrations was <RL, median concentration of detections is in parentheses.  
E = Estimated, concentration exceeded maximum value of standard curve  
 

Table 3-10. Comparison of Consumer Product Levels in Raw Wastewater and STE in this Study to  
Previously Reported Levels in Residential STE and Municipal Wastewater (μg/L).  

Chemical 
Current study Literature 

Raw 
Wastewater STE Raw 

Wastewater STEa WWTP 
Influent 

WWTP 2nd 
Effluent 

Caffeine 7.1 - E 1800 1.6 - 850 NR 0.5 – 450 42 – 44 b 0.003 – 0.004 b 

EDTA 6.3 - E 720  3.8 - 100 NR 1.7 - 110 8.8 – 200 c 15 – 160 c 

4-Nonylphenol <2 - 66 <2 - 650 NR <2 - 58 21 – 57 d 1 – 14 d 

NP1EO 2.1 - 23 3.5 - E 1000 NR <2 - 77 23 – 140 d 4 – 78 d 

Triclosan 0.4 - 240 0.9 - 55 NR <0.5 - 9.3 3.0 – 3.6 b 0.005 – 0.008 b  
WWTP = wastewater treatment plant  
E = estimated, concentration exceeded greatest value of standard curve  
NR = not reported  
References: a Conn 2008, b Thomas and Foster 2005, c Kari and Giger 1996, d Ahel and Giger 1987 

 

Based on the limited data, there was no relationship between raw wastewater and STE 
composition regarding the occurrence and levels of consumer product chemicals (Figure 3-24). 
For example, during the fall sampling event at location C-3, the concentration of the 
antimicrobial triclosan was lower in STE than in the raw wastewater (6.1 vs. 20 μg/L) while the 
concentration of the surfactant metabolite 4-nonylphenol was higher in STE than in the raw 
wastewater (75 vs. 37 μg/L). In contrast, at location F2, the concentration of triclosan was higher 
in STE than in raw wastewater (2.5 vs. 0.55μg/L) while the concentration of 4-nonylphenol was 
lower in STE than in raw wastewater (8.3 vs. 66 μg/L). Raw wastewater composition reflects the 
water- and chemical-consuming activities at the source during the 24 hours of sample collection, 
while STE composition is affected by all consumptive activities during the tank hydraulic 
residence time (~ 7 to 13 days during this study) as well as some primary treatment (e.g., 
sorption onto settling solids and anaerobic biotransformation). 
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Figure 3-24. Example of Non-relationship between Raw Wastewater and STE Regarding an Antimicrobial (triclosan) and 
a Surfactant Metabolite (4-nonylphenol) during the Fall Sampling Event. 

 

In summary, consumer product chemicals including surfactant metabolites, a stimulant, 
an antimicrobial, and metal-chelating agents were detected frequently at a wide range of 
concentrations in both residential raw wastewater and STE. These are the first reported 
concentrations of trace organic wastewater constituents in single-source raw wastewater to the 
knowledge of the authors. Based on the limited data set, the raw wastewater composition 
appeared to be affected by the water- and chemical-using events in the home, while there was no 
clear relationship between raw wastewater composition and STE composition regarding 
consumer product chemicals.  

3.4.2 Pharmaceutical Residues and Chlorinated Flame Retardants (Method 2) 
Except for ibuprofen, naproxen, and salicylic acid, none of the other pharmaceutical 

residues, pesticides, and chlorinated flame retardants were detected in raw wastewater or STE 
samples. Median and maximum concentrations as well as the detection frequency are presented 
Tables 3-11 and 3-12. Of all samples collected, ibuprofen was detected in 33% of the raw 
wastewater and 60% in the STE samples. Naproxen was detected in 7% of the raw wastewater 
and 13% of the STE samples. Salicylic acid is an anti-inflammatory drug that is potentially also a 
degradation product of other drugs, such as aspirin and mesalamine. In addition, salicylic acid is 
an additive to cosmetic products (e.g., shaving cream, lotions). Salicylic acid was detected in 13 
of 15 raw wastewater and STE samples in concentrations up to 205 μg/L. The average 
concentrations as well as the maximum and minimum observed values of the three detected 
pharmaceutical residues are illustrated in Figure 3-28.  
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Table 3-11. Summary of Pharmaceutical Residues, Pesticides, and Chlorinated Flame Retardant  
Results in Raw Wastewater from this Study. 

Chemical CASRN Use RL 
(μg/L) 

Frequency 
of Detection 

(percent)  
Max. Conc. 

(μg/L) 
Median 

Conc. (μg/L) 

Clofibric acid 882-09-7 lipid regulating agent metabolite 0.1 0/15 (0) - < RL 
Dichlorprop 120-36-5 pesticide 0.1 0/15 (0) - < RL 
Diclofenac 15307-86-5 anti-inflammatory 0.1 0/15 (0) - < RL 
Fenofibrate 49562-28-9 lipid regulating agent 0.2 0/15 (0) - < RL 
Gemfibrozil 25812-30-0 lipid regulating agent 0.1 0/15 (0) - < RL 
Ibuprofen 15687-27-1 analgesic/anti-inflammatory 0.1 5/15 (33) E146 < RL (22.1) 
Ketoprofen 22071-15-4 analgesic 0.1 0/15 (0) - < RL 
Mecoprop 93-65-2 pesticide 0.1 0/15 (0) - < RL 
Naproxen 22204-53-1 analgesic 0.1 2/15 (13) E178 < RL (E178) 
Phenacetine 62-44-2 analgesic 0.2 0/15 (0) - < RL 
Salicylic acid 69-72-7 anti-inflammatory 0.1 13/15 (87) E208 E 47.5 
TCEP 115-96-8 chlorinated flame retardant 0.2 0/15 (0) - < RL 
TCPP 13674-84-5 chlorinated flame retardant 0.2 0/15 (0) - < RL 
TDCPP 13674-87-8 chlorinated flame retardant 0.2 0/15 (0) - < RL 

CASRN = Chemical Abstracts Service Registry Number 
RL = reporting level  
Frequency of detection = number of samples with concentrations greater than the RL / total number of samples (percent 
detection in parentheses). If the median concentrations was <RL, median concentration of detections is in parentheses.  
E = Estimated, concentration exceeded maximum value of standard curve  
 

Table 3-12. Summary of Pharmaceutical Residues, Pesticides, and Chlorinated Flame Retardant  
Results in STE from this Study. 

Chemical CASRN Use RL 
(μg/L) 

Frequency 
of Detection 

(percent) 
Max. Conc. 

(μg/L) 
Median 

Conc. (μg/L) 

Clofibric acid 882-09-7 lipid regulating agent metabolite 0.1 0/15 (0) - < RL 
Dichlorprop 120-36-5 pesticide 0.1 0/15 (0) - < RL 
Diclofenac 15307-86-5 anti-inflammatory 0.1 0/15 (0) - < RL 
Fenofibrate 49562-28-9 lipid regulating agent 0.2 0/15 (0) - < RL 
Gemfibrozil 25812-30-0 lipid regulating agent 0.1 0/15 (0) - < RL 
Ibuprofen 15687-27-1 analgesic/anti-inflammatory 0.1 8/15 (53) E108 19.3 
Ketoprofen 22071-15-4 analgesic 0.1 0/15 (0) - < RL 
Mecoprop 93-65-2 pesticide 0.1 0/15 (0) - < RL 
Naproxen 22204-53-1 analgesic 0.1 1/15 (7) E161 < RL (E161) 
Phenacetine 62-44-2 analgesic 0.2 0/15 (0) - < RL 
Salicylic acid 69-72-7 anti-inflammatory 0.1 13/15 (87) E282 E40.7 
TCEP 115-96-8 chlorinated flame retardant 0.2 0/15 (0) - < RL 
TCPP 13674-84-5 chlorinated flame retardant 0.2 0/15 (0) - < RL 
TDCPP 13674-87-8 chlorinated flame retardant 0.2 0/15 (0) - < RL 

CASRN = Chemical Abstracts Service Registry Number 
RL = reporting level  
Frequency of detection = number of samples with concentrations greater than the RL / total number of samples (percent 
detection in parentheses). If the median concentrations was <RL, median concentration of detections is in parentheses.  
E = Estimated, concentration exceeded maximum value of standard curve  
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Figure 3-28. Average Concentration of Ibuprofen, Naproxen, and Salicylic Acid Observed in Raw Wastewater and STE 
Samples for all Sampling Events. 

 

Most of the targeted pharmaceutical residues did not occur in any of the samples 
collected from raw wastewater or STE during this study. It is noteworthy, that the occurrence of 
these compounds is site specific and directly related to the consumption of human 
pharmaceuticals. Composite sampling over 24-hours or over several days might still not be 
sufficient to capture sporadic discharge events. In contrast, target pharmaceutical compounds are 
more prevalent in centralized municipal wastewater treatment plants treating wastewater from a 
larger number of households and other wastewater sources. A summary of occurrence levels in 
samples collected from residential OWS, STE, and WWTP in- and effluents are summarized in 
Table 3-13. 

Limited data is published in the peer-reviewed literature on the occurrence as well as the 
fate and transport of pharmaceutical residues in OWS. Carrara et al. (2008) studied the 
occurrence of pharmaceutical residues in STE at two campsites in Canada with 200-2000 
occupants (Table 3-13). Similar to the current study, painkillers were especially detected, 
although at significantly lower concentrations than observed in this study. Due to the higher 
occupancy at the campground, more dilution of the wastewater can be expected in the STE.  

As discussed for the consumer chemical products, no correlation between the occurrence 
of pharmaceutical residues in the raw wastewater compared STE was observed. Results for 
ibuprofen and salicylic acid for two sampling events are illustrated in Figure 3-29. The 
composition in the raw wastewater as well as the STE varied not only between different 
sampling events, but also for different compounds during the same event. While not only the 
consumption of pharmaceutical residues, especially non-prescription drugs, may vary from day 
to day, also the conditions (e.g., residence time, temperature, load of organic compounds) during 
treatment in the septic tank at different sites can vary significantly. These findings suggest that 
the occurrence of pharmaceutical residues in single residential sources will be highly variable.  
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Table 3-13. Comparison of Pharmaceutical Residue Levels in Raw Wastewater and STE in this Study to  
Previously Reported Levels in Residential STE and Municipal Wastewater (μg/L).  

Chemical 
This Study Literature 

Raw 
Wastewater STE Raw 

Wastewater STE WWTP 2nd 
Effluent 

Clofibric acid < 0.1 < 0.1 NR < RLa < RL - 0.03b 
Dichlorprop < 0.1 < 0.1 NR - - 
Diclofenac < 0.1 < 0.1 NR < RLa < RL - 3.46b 
Fenofibrate < 0.2 < 0.2 NR < RLa - 
Gemfibrozil < 0.1 < 0.1 NR 0.015 - 0.62a < RL - 1.3b 
Ibuprofen < 0.1 - E146 < 0.1 - E108 NR 2.4 - 6.8a < RL - 24.6b 
Ketoprofen < 0.1 < 0.1 NR < RLa < RL - 0.045b 
Mecoprop < 0.1 < 0.1 NR - - 
Naproxen < 0.1 - E179 < 0.1 - E151 NR 0.009 - 0.3a < RL - 33.9b 
Phenacetine < 0.2 < 0.2 NR - - 
Salicylic acid < 0.1 - E209 < 0.1 - E208 NR < RL - 0.48a < RL - 4.8b 
TCEP < 0.2 < 0.2 NR - - 
TCPP < 0.2 < 0.2 NR - - 
TDCPP < 0.2 < 0.2 NR - - 

WWTP = wastewater treatment plant  
E = estimated, concentration exceeded greatest value of standard curve  
NR = not reported 
References: a Carrara et al. 2008, b Snyder et al. 2008 
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Figure 3-29. Occurrence of Ibuprofen and Salicylic Acid in Raw Wastewater and STE Samples. 
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CHAPTER 4.0 
 

DISCUSSION 
 
 

The monitoring framework for this study was designed to have broad applicability by 
encompassing different regional locations, seasons, number of occupants, and age of the 
occupants. The results of the combined data were presented in Chapter 3.0 with additional 
supporting information presented in Appendices B and C. This data is especially useful for 
aiding decision making during OWS design and/or assessment of environmental and public 
health impacts. For example, if an OWS is being designed to remove 60% of the total nitrogen 
from a residential source, then values of expected average total nitrogen concentrations in either 
raw wastewater or STE can be chosen from the associated CFDs. In this scenario, if a 50th 
percentile value is selected from the CFD (e.g., 59 mg-N/L in STE), the designer can assume that 
half of the homes in the US will have average total nitrogen concentrations less than or equal to 
59 mg-N/L and plan for final concentrations of approximately 24 mg-N/L. If the same system is 
to be installed in a nitrogen sensitive environment, the designer may select a more conservative 
value such as the 90th percentile value (e.g., ~89 mg-N/L) which suggests that only 10% of the 
households are expected to have higher average total nitrogen concentrations and plan for a final 
concentration of ~36 mg-N/L. Alternatively, if the final concentration can not exceed a specific 
value (e.g., 20 mg-N/L) the level of nitrogen removal can be estimated (i.e., 66% reduction of the 
50th percentile estimate or 76% reduction of the 90th percentile estimate would be required). 

Differences in waste stream composition attributed to regional location, season, number 
of occupants, and the age of the occupants could also be helpful for decision makers. If 
differences in these parameters can be defined (which may or may not be statistically 
significant), then the user can select the best possible available data applicable to a very specific 
decision. In this scenario, a designer may wish to select data specific to occupants over the age of 
65 in Florida. For example, in the over 65 in Florida scenario, comparison of the 75th percentile 
value of expected cBOD5 concentration in raw wastewater in Florida (615 mg/L) can be 
compared to 75th percentile value of expected cBOD5 concentration in raw wastewater in 
occupants over 65 (686 mg/L) (see Table B-10). In the absence of this type of detail, a decision 
maker has been forced to use reported average or median values with some random level of 
contingency (e.g., average raw cBOD5 value of 343 mg/L ± 69 mg/L as reported in the Phase 1 
Literature Review, Lowe et al., 2007). In this example the average literature value is nearly half 
what was actually observed. An understanding of this level of detail in the data can be especially 
useful for input into models enabling assessment of various “what if” scenarios while also 
providing insight into the uncertainty of the output result based on variations in the selected input 
values. 

Correlations between various constituents or between raw wastewater and STE are also 
useful tools. In an ideal case, an easily obtained parameter value could be used to approximate a 
difficult to obtain parameter value. For example, if the raw wastewater cBOD5 concentration can 
be approximated from COD concentrations in STE, significant time and money could be saved 
for individual projects. In this scenario and in the absence of additional data, sufficient insight or 
understanding may be gained through the use of easily and economically obtained information.  
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Another useful tool is combining the concentration data with expected water use to 
evaluate mass loadings of constituents from either the raw wastewater or STE. The mass loading 
can be estimated on a per capita basis or scaled up to include new and existing developments 
within a watershed. This can be an important factor in sensitive areas or where water resource 
protection may be of concern. For example, it could be critical to achieve nitrogen removal 
performance goals to ensure protection of groundwater within a watershed. In this scenario, 
threshold mass loading estimates can be assessed by looking at various waste stream 
compositions, expected household flows, and numbers of households in new or existing 
developments within a watershed. These estimates may suggest “go” / “no go” type decisions or 
indicate the need for more rigorous model simulations to account for OWS treatment processes. 
In this scenario, one outcome might be “at high estimated mass loading rates the threshold value 
is unlikely to be exceeded resulting in acceptable impact to the water resource”. An alternative 
outcome might be “at low estimated mass loading rates the threshold value is likely to be 
exceeded and more rigorous modeling is cost beneficial before additional development is 
considered”. 

Discussion of raw wastewater and STE variations due to regional location and age of the 
occupant are presented in the following Chapters. No seasonal differences were observed for any 
constituents and will not be discussed further in this report (seasonal statistical summaries and 
graphs can be found in Appendix B and C). Differences in the number of occupants per 
household were normalized to per capita estimates as presented in the discussion of mass 
loading. To aid in the determination of variations and trends in raw wastewater and STE, 
ANOVA tests were conducted across the regions, across seasons and between households where 
occupants were younger or older than 65. The results were grouped into three levels of 
significance. The α-value associated with each group was arbitrarily chosen based on the results 
of the ANOVA tests. For this study, variations between groups were then classified as 
significantly different (α<0.05), “somewhat” different (α = 0.05-0.3), or no significant difference 
(α>0.3). 

 

4.1 Regional Variations 
The results for regional variability, based on ANOVA tests are summarized in Table 4-1 

and 4-2. Significant regional variations (α<0.05) were only observed in the raw wastewater for 
pH and alkalinity (Table 4-1). Somewhat different variations (α = 0.05-0.3) between regions 
were identified for carbon (cBOD5, COD, TOC and DOC), oil and grease, fecal coliforms and E. 
coli. No significant regional difference was observed for TS, TSS or nutrients (total nitrogen, 
ammonium-nitrogen, nitrate-nitrogen, total phosphorus).  

In contrast to the raw wastewater, significant differences in STE were observed for pH, 
alkalinity, carbon (cBOD5, COD, TOC and DOC), nitrate-nitrogen and E. coli. The regions were 
somewhat different for ammonium-nitrogen, total phosphorus, oil and grease, and fecal 
coliforms (Table 4-2). No significant difference was observed for TS, TSS and TN. 

Significant differences between regions were observed in raw wastewater and STE for 
pH. In raw wastewater, Minnesota had the highest mean pH (8.5), compared to 7.9 and 8.0 for 
Colorado and Florida respectively (Table B-2). In contrast, Colorado had the highest mean pH in 
the STE (7.6) compared to 7.2 and 7.5 in Florida and Minnesota respectively (Table B-3). The 
cause for the significant pH regional differences in unclear. It is interesting to note that 
comparison of the mean raw wastewater concentration to the mean STE concentration suggests 
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that the largest reduction in pH from raw wastewater to STE was in Minnesota and the lowest 
reduction was in Colorado.  

Table 4-1. ANOVA Statistics for Regional Variations of Tier 1 & Tier 2 Constituents in Raw Wastewater. 

Constituent No Significant 
Difference 
(α > 0.3) 

Somewhat 
Different 

(α = 0.05-0.3) 

Significant 
Difference 
(α < 0.05) 

P-value 

pH   X 0.02 
Alkalinity   X <0.01 
TS X   0.88 
TSS X   0.62 
cBOD5  X  0.27 
COD  X  0.26 
TOC  X  0.06 
DOC  X  0.10 
Total nitrogen X   0.66 
Ammonium-nitrogen X   0.36 
Nitrate-nitrogen X   0.60 
Total phosphorus X   0.82 
Oil and grease  X  0.20 
Fecal coliform  X  0.16 
E. coli  X  0.30 
 

Table 4-2. ANOVA Statistics for Regional Variations for Tier 1 & Tier 2 Constituents in STE. 

Constituent No Significant 
Difference 
(α > 0.3) 

Somewhat 
Different 

(α = 0.05-0.3) 

Significant 
Difference 
(α < 0.05) 

P-value 

pH   X <0.01 
Alkalinity   X <0.01 
TS   X <0.01 
TSS X   0.44 
cBOD5   X 0.03 
COD   X 0.01 
TOC   X 0.04 
DOC   X 0.03 
Total nitrogen X   0.42 
Ammonium-nitrogen  X  0.28 
Nitrate-nitrogen   X 0.03 
Total phosphorus  X  0.06 
Oil and grease  X  0.13 
Fecal coliforms  X  0.19 
E. coli   X 0.01 
 

Noteworthy regional differences were also observed for alkalinity, with Minnesota 
having the highest alkalinity in both raw wastewater and STE (Tables B-4 and B-5). Compared 
to the raw wastewater, the alkalinity doubled in the STE in Colorado, increased by 53% in 
Florida and by 23% in Minnesota. Similar to pH, the cause for this significant difference is 
unclear. However, it can be speculated that a combination of leaching of concrete tank materials 
into the STE (note, Florida had the highest mean hydraulic residence time in the tank), microbial 
processes (e.g., microbial respiration), and conversion of organic-nitrogen to ammonium-
nitrogen (i.e., ammonification) could contribute to these observed differences.  

The results from the ANOVA tests showed no significant difference in TS in raw 
wastewater between the regions but a significant difference in concentrations of TS in STE. No 
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significant difference in TSS was observed (Tables 4-1 and 4-2). Comparison of the mean raw 
wastewater TS and TSS concentrations to the mean STE concentrations suggests that the largest 
reduction in both TS and TSS from raw wastewater to STE was in Florida and the lowest 
reduction was in Minnesota. This suggests higher tank performance in regards to solids removal 
in Florida which on average had smaller tanks but longer hydraulic residence times. It is 
important to note, however, that this is based on the mean values in each region, and the percent 
removal varied widely at all sites. For example, in Minnesota the percent removal for TSS 
ranged from 0 to 94% and is primarily attributed to the different water use (e.g., showers, 
laundry, toilet flushes, etc.) during the sampling events. 

The results of the ANOVA tests showed that the regions were somewhat different (α = 
0.05-0.3) for all the carbon parameters (cBOD5, COD, TOC and DOC) in the raw wastewater, 
while significantly different (α > 0.05) in the STE. Closer investigation of cBOD5 revealed that 
Colorado had the highest mean concentrations in both the raw wastewater and STE compared to 
the other regions. One could argue that this may be caused by the use of garbage disposals at all 
sites in Colorado; however, the Florida and Minnesota cBOD5 concentrations were not similar 
even though a garbage disposal was only used at one site in each region (Figures B-31 and 
B-32). In contrast to cBOD5, concentrations of COD were highest in the raw wastewater in 
Florida while highest in STE in Colorado (Tables B-12, B-13 and Figures B-39, B-40). Because 
the concentration of each carbon parameter does not follow the same trend in raw wastewater 
and STE (e.g., Colorado > Florida > Minnesota), additional multivariate statistics should be 
conducted to sort out these concentration differences.  

Again, comparison of the mean raw wastewater concentration to the mean STE 
concentration provides general insight into expected tank performance. Each carbon parameter 
(cBOD5, COD, TOC, and DOC) followed the same trend of highest carbon reductions in Florida, 
followed by Minnesota then Colorado. As expected, this observation suggests higher carbon 
reductions attributed to higher tank retention times (note, the average hydraulic residence time in 
Minnesota was seven days, compared to nine days in Colorado and 13 days in Florida).  

No regional differences were observed in nutrient concentrations in the raw wastewater, 
with only ammonium-nitrogen and total phosphorus concentrations in STE somewhat different. 
The highest average total phosphorus concentration was found in Colorado at 12.5 mg-P/L, 
compared to 10.1 and 8.3 mg-P/L in Florida and Minnesota respectively. A closer inspection of 
the detergent use in the different households provided no additional insight into this observed 
difference. In addition, the broad range in total phosphorus values in each region was similar 
suggesting that, in general, large variability in total phosphorus concentrations was observed. 

A large fraction of the organic-nitrogen in raw wastewater is converted to ammonium-
nitrogen in the septic tank (ammonification). However, it is interesting to note is that the relative 
ammonium-nitrogen concentration increased by a factor of 3.8 in Colorado, 2.6 in Florida, and 2 
in Minnesota. The reason for the difference in conversion remains unclear. 

Microorganisms were found to vary somewhat between the regions in the raw wastewater 
and STE, except for E. coli, which varied significantly between regions in the STE (Tables C-5 
and C-6). The MPN for both fecal coliforms and E. coli were significantly lower in Colorado 
compared to in Minnesota and Florida in both the raw wastewater and in the STE (Figure 3-21). 
The values observed regionally in the STE were less variable than those of the raw wastewater, 
which is likely due to the attenuation of the waste stream occurring in the septic tank. 
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It was initially hypothesized that the concentrations of oil and grease would vary greatly 
between regions due to lifestyle habits. However, the raw wastewater across regions was 
observed to be only somewhat different, Colorado (54 mg/L mean), Florida (55 mg/L mean) and 
Minnesota (35 mg/L mean) (Table C-1). Again, similar to carbon and nutrient concentrations, 
significant regional differences were observed in STE. Florida has the greatest removal in the 
tank by a factor of 2.75 (ratio of mean raw wastewater concentration to mean STE 
concentration), compared to a factor of 2.2 in both Colorado and Minnesota. The high removal in 
Florida may be attributed to the higher hydraulic residence time in the septic tank.  

In summary, although the contributing factors are not clear, regional differences were 
observed between raw wastewater and STE concentrations. As illustrated in Tables 4-1 and 4-2, 
while there did not appear to be significant differences in the composition of the raw wastewater 
attributed to region, there were significant differences in the STE from these same raw 
wastewater sources. This suggests that STE from relatively similar sources may indeed vary 
significantly. Since it can be assumed that the processes and mechanisms responsible for these 
differences are the same in each region, other factors such as temperature, tank size, hydraulic 
residence time in the septic tank, etc., should be considered. In addition, the complex interactions 
between various potential factors (e.g., tank size) and processes (e.g., microbial respiration) 
should be considered. While the number of data points obtained in this study may limit the 
ability of statistical methods to identify subtle differences attributed to these factors and 
processes, additional multivariate statistics should be conducted. For example specific statistical 
tests need to be conducted to ascertain what role leaching of concrete tank materials and the 
subsequent increase in observed alkalinity in STE may play relative to the anaerobic 
ammonification of organic-nitrogen and the generation of alkalinity, relative to slight differences 
observed in septic tank reductions of cBOD5 and pH. 

 

4.2 Occupant Age Variations 
The results for variability attributed to the age of the occupants, based on ANOVA tests 

are summarized in Tables 4-3 and 4-4. Significant variations (α<0.05) were only observed in the 
raw wastewater for pH, alkalinity, and TS between households where the occupants were older 
or younger than 65 (Table 4-3). In contrast, significant differences were observed for alkalinity, 
TS, carbon, and nutrient constituents in STE (Table 4-4). The raw wastewater was found to be 
somewhat different (α = 0.05-0.3) for cBOD5, nutrients, oil and grease, and E. coli, while STE 
was only somewhat different for TSS. No significant difference (α>0.3) was observed for TSS, 
COD, TOC, DOC, and fecal coliform bacteria in raw wastewater and for pH, oil and grease, 
fecal coliform and E. coli in STE.  

The average pH level was found to be significantly higher (8.4) in the raw wastewater in 
households where the occupants were older than 65, compared to in households with younger 
residents (7.9). In contrast, no difference was observed in the STE (7.4), suggesting that the tank 
equalizes the waste stream. The average alkalinity level was found to be significantly higher in 
households with older residents compared to in the households with younger residents for both 
raw wastewater (330 mg-CaCO3/L vs. 244 mg-CaCO3/L) and STE (490 mg-CaCO3/L vs. 364 
mg-CaCO3/L). It is interesting to note that the ratio between alkalinity concentrations for 
occupants over 65 to occupants under 65 was 1.35 for both raw wastewater and STE. 

 



 

 
4-6 

Table 4-3. ANOVA Statistics for Occupant Age Variations of Tier 1 and Tier 2 Constituents in Raw Wastewater. 

Constituent No Significant 
Difference 
(α > 0.3) 

Somewhat 
Different 

(α = 0.05-0.3) 

Significant 
Difference 
(α < 0.05) 

P-value 

pH   X <0.01 
Alkalinity   X 0.02 
TS   X 0.02 
TSS X   0.47 
cBOD5  X  0.06 
COD X   0.59 
TOC X   0.72 
DOC X   0.56 
Total nitrogen  X  0.11 
Ammonium-nitrogen  X  0.11 
Nitrate-nitrogen  X  0.12 
Total phosphorus  X  0.11 
Oil and grease  X  0.11 
Fecal coliform X   0.82 
E. coli  X  0.17 
 
Table 4-4. ANOVA Statistics for Occupant Age Variations of Tier 1 and Tier 2 Constituents in STE. 

Constituent No Significant 
Difference 
(α > 0.3) 

Somewhat 
Different 

(α = 0.05-0.3) 

Significant 
Difference 
(α < 0.05) 

P-value 

pH X   0.44 
Alkalinity   X <0.01 
TS   X <0.01 
TSS  X  0.17 
cBOD5   X <0.01 
COD   X <0.01 
TOC   X 0.03 
DOC   X 0.01 
Total nitrogen   X <0.01 
Ammonium-nitrogen   X <0.01 
Nitrate-nitrogen   X 0.01 
Total phosphorus   X <0.01 
Oil and grease X   0.95 
Fecal coliform X   0.89 
E. coli X   0.41 
 

The average values for cBOD5 in raw wastewater were found to vary somewhat in 
households with occupants older than 65 compared to occupants younger than 65 (508 mg/L 
compared to 405 mg/L, respectively) (Table B-10). The age of the occupants did not suggest a 
significant difference in the raw wastewater for the other carbon parameters (COD, TOC, DOC). 
Although the age of the occupants were not significantly different for average COD values, it is 
interesting to note that the households with the younger occupants had a greater range of COD 
values (e.g., higher variability in the COD concentrations).  

In contrast, the age of the occupants appeared to have a significant impact on the 
concentrations of cBOD5, COD, TOC, and DOC in the STE (Table B-11), with higher average 
concentrations for each parameter when occupants were older than 65. It remains unclear why 
age appeared to have little to no impact on the raw wastewater, while a significant impact on the 
STE. However, interesting observations were noted. The ratio of the parameter concentration in 
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STE for households with occupants over 65 compared to the parameter concentration in STE for 
households with occupants under 65 varied by carbon constituent (1.55 for cBOD5, 1.39 for 
COD, 1.24 for TOC, and 1.32 for DOC). This suggests the type of carbon and the distribution of 
the carbon fractions are different based on occupant age. Further analysis would be required to 
identify the various carbon fractions. It is also interesting to note the differences in tank 
removals. For each parameter, higher reductions (difference between raw wastewater 
concentration and STE concentration) were observed in households with occupants under 65. 
Specifically, the percent removal observed for cBOD5 was 36% (>65) vs. 48% (<65), for COD 
was 47% (>65) vs. 58% (<65), and for TOC and DOC was 33-35% (>65) vs. 50-55% (<65). The 
difference in water use may explain the variability seen in carbon constituents, where water use 
by older residents in this study averaged 297 L/capita/d (78.5 gpcd), compared to younger 
residents that averaged 148 L/capita/d (39.1 gpcd) although the hydraulic residence times in the 
septic tank were comparable (Figure 4-1, average 11 days for occupants under 65 and eight days 
for occupants under 65). Additionally, the type of water use may attribute to the difference with 
less shower and laundry use and higher kitchen and toilet use in the households with older 
occupants.  
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Figure 4-1. Hydraulic Residence Time in the Septic Tank by Age of Occupant.  

 

Similar to carbon constituents, the nutrients were found to only vary somewhat in the raw 
wastewater, but differ significantly in STE. For each constituent (total nitrogen, ammonium-
nitrogen, nitrate-nitrogen, and total phosphorus), the strength of the waste was higher in 
households where the occupants were older than 65. This is supported by higher toilet and 
kitchen use (i.e. dishwasher, disposal, etc.) in households with older occupants. Table 4-5 
summarizes the ratio of average nutrient concentration in STE for households with older 
occupants compared to households with younger occupants.  
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Table 4-5. Ratio of Average Concentrations of  
Households with Occupants >65 to Households with Occupants <65. 

Nutrient Raw Wastewater STE 

Total nitrogen 1.28 1.28 

Ammonium-nitrogen 1.46 1.29 

Nitrate-nitrogen 1.32 1.88 

Total phosphorus 1.29 1.63 

 

In summary, differences were observed between raw wastewater and STE concentrations 
attributed to the age of the occupants (over 65 vs. under 65) although the contributing factors 
remain unclear. Similar to regional variations, Tables 4-3 and 4-4, suggest that while there did 
not appear to be significant differences in the composition of the raw wastewater attributed to 
age, there were significant differences in the STE from these same raw wastewater sources. This 
suggests that STE from relatively similar sources may indeed vary significantly and additional 
multivariate statistics should be conducted.  

 

4.3 Weekly and Daily Variations 
To assess expected variations in the wastewater on a weekly basis, raw wastewater and 

STE samples were collected every day for a seven-day period at one site in each region (C-5, F-
2, and M-2). The samples were analyzed for all Tier 1 constituents including fecal coliforms and 
E. coli. Each week long sampling event started on a Monday to allow comparison of the results 
between the regions. At one site (F-2) the occupants were over 65 while at the remaining two 
sites (C-5 and M-2), the occupants were under age 65. However, due to the limited number of 
sites monitored, regional and age trends can not be assessed. During the development of the raw 
wastewater sampling method, the STE was analyzed for several days after the use of the 
macerating pump to ensure that its use did not impact the STE. At the Colorado site (C-5), STE 
was collected for two additional days to further investigate if the use of the macerating pump 
showed any impact on the characteristics of the STE. 

4.3.1 Weekly Variations 
Weekly variations were observed at all three sampling sites in the raw wastewater for all 

constituents, while little variability was present in the STE (Appendix D). These results confirm 
that the septic tank equalizes not only the flow, but also the wastewater composition dampening 
the large “spikes” observed in raw wastewater. The extended STE sampling at site C-5 also 
showed that the macerating pump did not appear to impact the characteristics of the STE. The 
hydraulic residence time in the septic tank at C-5 (based on the water use each day) varied from 
1.4 to 4 days during the weeklong sampling event; hence, the sampling event was greater than 
the hydraulic residence time and any changes in composition would be captured.  

The total nitrogen results from the weekly sampling events at each site are illustrated in 
Figures 4-2 through 4-4. The graphs clearly show the variations in the raw wastewater over the 
course of the week, while little change was observed in the STE. It is interesting to note that 
there appears to be a strong inverse relationship with total nitrogen concentrations in the raw 
wastewater and water use in Colorado and in Florida, while not as prominent in Minnesota. 
Similar results were observed for the other constituents (see Figures D-1 through D-15). 
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The variability observed in the raw wastewater can be explained by the different water 
use activities at each site during the course of the week. For example, at C-5, toilet flushes varied 
from 15 to 22 per day and the dishwasher was used three times during the course of the week 
(Tables D-1 through D-3). Less variation in the water use activities through out the week can be 
expected to result in a more consistent raw wastewater composition (i.e., one load of clothes 
laundry daily compared to six loads of laundry on Saturday). This may explain the differences 
observed between the Minnesota raw wastewater constituents compared to the Colorado and 
Florida raw wastewater constituents. However, the limited number of sites monitored for weekly 
variations prevents more detailed evaluation. 

Figures 4-5 through 4-7 show the variations in concentrations of TSS, cBOD5, COD, 
TOC and DOC during the weekly sampling at the three sites. Although these results are not 
surprising, they confirm the relationship between these constituents. Furthermore, a closer look 
at each graph reveals that TSS and cBOD5 have similar trend curves, while COD and TOC 
follow similar paths. While not as obvious in Colorado, this trend was more prominent in Florida 
and Minnesota where daily water use was lower during the week long sampling event. However, 
comparison of these trends to the water use (see Figures 4-2 through 4-4) does not suggest a 
strong relationship between water use and constituent concentrations.  

Weeklong samples were also analyzed for fecal coliforms and E. coli (Figures 4-8 and 
4-9). As expected, the data indicate that fecal coliforms and E. coli numbers varied greatly from 
day to day, and are dependant on the activities of the household.  
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Figure 4-2. Weekly Total Nitrogen and Water Use Variations in Raw Wastewater and STE in Colorado.  
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Figure 4-3. Weekly Total Nitrogen and Water Use Variations in Raw Wastewater and STE in Florida.  
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Figure 4-4. Weekly Total Nitrogen and Water Use Variations in Raw Wastewater and STE in Minnesota.  
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Figure 4-5. Weekly Solids and Carbon Variations in Raw Wastewater in Colorado.  
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Figure 4-6. Weekly Solids and Carbon Variations in Raw Wastewater in Florida.  
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Figure 4-7. Weekly Solids and Carbon Variations in Raw Wastewater in Minnesota.  
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Figure 4-8. Weekly Fecal Coliform Bacteria Variations in Raw Wastewater.  
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Figure 4-9. Weekly Fecal Coliform Bacteria Variations in STE.  

 

4.3.2 Daily Trends 
To further investigate the different types of water use and how it affects the waste stream 

composition over the course of the day, several samples were collected during the day at three 
sites each in Colorado (C-1, C-3, and C-5) and in Minnesota (M-1, M-2, and M-4). The samples 
were collected into five daily time periods: 1) the early morning (6:00-10:00 am); 2) mid-
morning (10:00 am-1:00 pm); 3) afternoon (1:00-4:00 pm); 4) evening (4:00-9:00 pm); and 
5) overnight (9:00 pm-6:00 am). Table 4-6 is a summary of all events that occurred during the 
different time periods at all sites combined.  

Table 4-6. Summary of Water Use During Daily Trend Monitoring at Six Sites. 

Time Period Showers Baths 

Toilet 
flush 

#1 

Toilet 
flush 

#2 
Hand 
wash 

Sink 
wash 

Teeth 
brushing 

Dish 
washer 

Dish 
wash 

in sink Laundry 
6:00-10:00 3 1 6 1 4 1 5 2 0 1 
10:00-13:00 1 0 2 3 4 0 0 0 1 1 
13:00-16:00 0 0 20 4 26 0 5 3 1 3 
16:00-21:00 0 0 4 4 12 0 0 1 0 1 
21:00-6:00 10 2 28 13 24 2 4 2 3 1 

 

An attempt was made to collect samples at all sites during these time periods; however, 
due to the homeowners’ schedules this was not always possible. For example, only M-2 and M-4 
were sampled during the mid-morning, and all sites except for M-4 were sampled during the 
afternoon. Additionally, if a sample was collected between noon and 1 pm, it was lumped into 
the mid-morning time period (10:00 am-1:00 pm) even though the actual sampling duration was 
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only one hour. Because the number of residents at each site during each sampling event was 
known, the number of events per capita per time-period could be calculated (Table 4-7).  

Table 4-7. Number of Specific Water Use Event per Capita per Time Period. 

Time Period Showers Baths 

Toilet 
flush 

#1 

Toilet 
flush 

#2 
Hand 
wash 

Sink 
wash 

Teeth 
brushing 

Dish 
washer 

Dish 
wash 

in sink Laundry 
6:00-10:00 0.21 0.07 0.43 0.07 0.29 0.07 0.36 0.14 0.00 0.07 
10:00-13:00 0.20 0.00 0.40 0.60 0.80 0.00 0.00 0.00 0.20 0.20 
13:00-16:00 0.00 0.00 1.25 0.25 1.63 0.00 0.31 0.19 0.06 0.19 
16:00-21:00 0.00 0.00 0.33 0.33 1.00 0.00 0.00 0.08 0.00 0.08 
21:00-6:00 0.53 0.11 1.47 0.68 1.26 0.11 0.21 0.11 0.16 0.05 

 

Toilet flushing and hand washing events clearly accounted for the most frequent water-
use events during any 24-hour time period (Figure 4-10). Toilet flushing events and hand 
washing events were distributed over the entire 24-hour period, as were both dishwasher and 
laundry use. In contrast, 40% of all baths, sink cleaning and teeth brushing occurred in the 
morning, and approximately 60% of all showers and baths occurred overnight (Figure 4-11).  

As expected, the composition of the raw wastewater varied throughout the day based on 
specific household activities. Figure 4-12 illustrates the variation in cBOD5 at one site (C-1). 
When compared to the actual water use activities conducted during the daily sampling, the 
highest concentration of cBOD5 can be attributed to primarily toilet flushing (Figure 4-13) while 
a range of activities resulted in relatively similar cBOD5 concentrations. A similar trend was 
observed for total nitrogen with slightly higher concentrations observed in the afternoon (12:00-
16:00) and early morning (6:00-9:00), both times at the site with the highest number of toilet 
flushes. Although the number of toilet flushes in the overnight period (21:00-6:00) was similar to 
the number of events in the early morning, lower total nitrogen concentrations and cBOD5 
concentrations are attributed to dilution of the raw wastewater from showers. The percent 
contribution of water use activity to the constituent concentration is summarized in Appendix D 
(Figures D-19 and D-20). 
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Figure 4-10. Average Frequency of Water Use Events During Each Daily Trend Sample Period. 

 

 

0

1

2

3

4

5

6:00-10:00 10:00-13:00 13:00-16:00 16:00-21:00 overnight

Ev
en

ts
 

(e
ve

nt
s/

ca
pi

ta
/ti

m
e-

pe
rio

d)

Showers Baths Toilet flush #1
Toilet flush #2 Hand wash Sink cleaning
Teeth brushing Dishwasher Dishwashing in sink
Laundry

 
Figure 4-11. Water Use Events Conducted During Daily Trend Sample Periods.  
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Figure 4-12. Variation in cBOD5 Concentrations During Daily Trend Sampling (results from C-1).  
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Figure 4-13. Household Activities Conducted During Daily Trend Sampling (results from C-1).  
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4.3.3 Source Activities and Tier 3 Composition 
Homeowners voluntarily provided information about the types and brand names of 

consumer product chemicals used in their homes, such as shampoo, bar soap, hand soap, 
toothpaste, dishwashing detergent, laundry detergent, lotion, and cleaning supplies. In addition, 
during each 24-hour raw wastewater sample collection event, the homeowners recorded the type 
and number of water- and chemical-consuming activities that contributed to the wastewater flow, 
such as the number of hand washes, toilet flushes, tooth brushing events, showers, baths, dish 
washer loads, clothes washer loads, cleaning events, and any other wastewater-producing 
activities. 

All dish and laundry detergents used in the homes contained unspecified “surfactants”, 
which likely include nonylphenolethoxylate surfactants that can contain or degrade to 4-
nonylphenol and NP1EO. All households used products listing as an ingredient the metal-
chelating agent EDTA (found in shampoo, bar soap, hand soap, detergent, and lotion) and the 
antimicrobial triclosan (found in bar soap, hand soap, and toothpaste).  

During the fall sampling, the concentration of triclosan was 225 μg/L in the raw 
wastewater at site C-1. During this 24-sampling event, the homeowners reported 38 triclosan-
consuming events, including showers using bar soap, hand washes using hand soap, and teeth 
brushing using toothpaste. In contrast, concentrations of triclosan in raw wastewater from sites 
C-3, F-4, and F-2 were at least 10 times lower than C-1 levels and three or fewer triclosan-using 
events were reported at each of these sites during the same time period (Figure 4-14).  
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Figure 4-14. Comparison of Triclosan-consuming Events and Raw Wastewater Concentrations during the 24-hour Fall 
Sampling Event. 
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Site F-2 had measurable levels of triclosan in the raw wastewater (0.55 μg/L) though 
there were no reported triclosan-consuming events. This suggests that there may have been one 
or more unreported triclosan-consuming events or unreported consumer product chemicals 
containing triclosan in use at the home. The homeowners at site F-4 reported no use of 
antibacterial agents in the house in the written survey; however, the reported brand of toothpaste 
contained triclosan and the compound was measured in the raw wastewater (3.7 μg/L). 

The occurrence and levels of EDTA also illustrated the impacts on the raw wastewater 
composition of water- and chemical-consuming events in the home (Figure 4-15). Site C-1 
reported 33 EDTA-consuming events (e.g., laundry loads, hand washes, and showers using soap 
and shampoo) as compared to four and six reported events at sites C-3 and F-4, respectively. The 
EDTA raw wastewater concentration was approximately 10 times higher at C-1 than C-3 and F-
4. The EDTA raw wastewater concentration was very high at site F-2 (~10 to 100x higher than 
the other sites). Though the number of reported EDTA-using events of seven was relatively low, 
one of the events was a clothes washing laundry load, which likely contributed much more mass 
of chemical to the onsite system than, for example, a single hand-washing event.  
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Figure 4-15. Comparison of EDTA-Consuming Events and Raw Wastewater Concentrations during the 24-hour Fall 
Sampling Event. 

 

The concentration of 4-nonylphenol in raw wastewater was relatively similar (between 20 
and 70 μg/L) in sites C-1, C-3, and F-2, which each reported between two and four “surfactant”-
consuming events including at least one clothes washing laundry load (Figure 4-15). The 4-
nonylphenol concentration in the raw wastewater from site F-4 was between four and ten times 
lower than the other sites, which is hypothesized to be due to one or a combination of the 
following factors: 1) fewer “surfactant”-consuming events (1 vs. 2 to 4), 2) no laundry 
contribution, which may be the largest contributor of 4-nonylphenol, or 3) a dilution effect from 
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high toilet flushing (Figure 4-16, 44 reported toilet flushes vs. <20 at the other sites). These 
results suggest that knowledge of the water- and chemical-consuming events at the site may 
provide some information regarding the occurrence and concentration levels of consumer 
product chemicals in single-source raw wastewater. 
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Figure 4-16. Comparison of Nonylphenol-consuming Events and Raw Wastewater Concentrations during the 24-hour 
Fall Sampling Event.  

 

According to the questionnaires filled out by the residents of the studied sites, a list of  
potential pharmaceutical residues that might be detected in the raw wastewater as well as the 
STE samples was assembled (Table 4-8). Overlap between the employed method and the active 
ingredients is indicated by a check mark in Table 4-8. Check marks in parentheses indicate 
derivates of salicylic acid that may be potentially transformed to salicylic acid before excretion 
or during onsite treatment.  
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Table 4-8. Reported Pharmaceutical Use at the Field Sites.  

Site  Brand or Generic 
Name Active Ingredients Use Detectable 

w/method 

C-1 

Prescription 
Lipitor® Atorvastatin calcium Blood lipid regulator  
Tricor® Fenofibrate Blood lipid regulator √ 

Non-
prescription 

Aspirin Acetyl salicylic acid Pain reliever (√) 
Ibuprofen Ibuprofen Anti-inflammatory drug √ 

Acetaminophen Acetaminophen Pain reliever  

C-3 
Prescription 

Diltiazem Diltiazem hydrochloride Hypertension drug  
Enalapril Enalapril maleate Hypertension drug  
Norvasc® Amlodipine besylate Hypertension drug  
Crestor® Rosuvastatin calcium Blood lipid regulator  

Metolazone Metolazone Diuretic/Hypertension drug  
Metformin Metformin hydrochloride Anti-diabetic drug  

Non-
prescription Prilosec® Omeprazole Antacid  

F-2 Non-
prescription 

Tums® Calcium carbonate Antacid  
Tylenol® Acetaminophen Pain reliever  
Aleve® Naproxen Anti-inflammatory drug √ 

Zantac® Ranitidine hydrochloride Antacid  

Motrin® Ibuprofen 
Pseudoephedrine hydrochloride 

Anti-inflammatory drug 
Decongestant 

√ 
 

Sudafed® Pseudoephedrine hydrochloride Decongestant  

F-4 
Prescription 

GLY/METFRM unknown unknown  
Actos® Pioglitazone hydrochloride Antidiabetic  

Norvasc® Amlodipine besylate Hypertension drug  
Spironolactone Spironolactone Diuretic drug  

Avalide® Irbesartan 
Hydrochlorothiazide 

Hypertension drug 
Diuretic drug 

 

Lisinopril Lisinopril Hypertension drug  
Clonidine Clonidine Hypertension drug  

Spiriva® Tiotropium bromide Chronic obstructive 
pulmonary disease treatment 

 

Advair® Fluticasone propionate 
Salmeterol xinafoate 

Corticosteroid 
Bronchodilator aerosol 

 

Albuterol Albuterol Bronchodilator aerosol  
Guaifenesin Guaifenesin Expectorant  

Non-
prescription Aspirin Acetyl salicylic acid Pain reliever (√) 

M-1 

Prescription Asacol® Mesalamine Anti-inflammatory drug (√) 

Non-
prescription 

Excedrin® 
Acetaminophin 

Acetyl salicylic acid 
Caffeine 

Pain reliever 
Pain reliever 

Stimulant 

 
(√) 

 
Aspirin Acetyl salicylic acid Pain reliever (√) 

M-3 Non-
prescription 

Tylenol® Acetaminophen Pain reliever  
Imodium® Loperamide hydrochloride Diarrhea treatment  

(√) indicates salicylic acid derivates; might account for some of the salicylic acid concentration in the samples 
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Unfortunately, only four pharmaceutical residues, fenofibrate, ibuprofen, naproxen, and 
potentially salicylic acid, were listed by the residents. Residents of two sites (C-3 and M-3), did 
not list any pharmaceutical residues that were tested for in this study. Ibuprofen was detected in 
the raw wastewater and/or the STE at the sites F-2 and C-1 which also reported the general use 
of ibuprofen. However, ibuprofen was also detected at sites M-3 and C-3 where ibuprofen was 
not listed by the residents. A similar pattern occurred for naproxen. While it was detected in 
samples collected from site C-3, it was not detected in any sample from site F-2 which is the 
only site that reported the use of naproxen in the questionnaire. As illustrated in Table 4-8, in 
order to properly evaluate the performance of OWS with regards to removal of pharmaceutical 
residues, methods have to be developed to incorporate the consumption of pharmaceutical 
residues at a chosen site or test sites have to be chosen to specific to the methods.  

 

4.4 Data Correlations 
Correlations between various constituents and between raw wastewater and STE were 

conducted to determine if specific types of information could be estimated in the absence of 
actual field data. It was hoped that these estimates could then provide insight into expected tank 
performance or could be used to approximate a difficult to obtain parameter values. This is 
especially applicable to raw wastewater composition which is expected to: 1) be highly variable, 
2) not reflect constituents of interest that undergo transformation in the septic tank (e.g., nitrogen 
species, some trace organic contaminants), or 3) not reflect treatment achieved in the tanks used 
in the majority of OWS (e.g., BOD, TSS).  

Outliers were removed from the data set prior to establishing the individual correlations. 
Outliers were determined by using the 1.5 × IQR criteria, where any data points that fell more 
than 1. 5 × IQR above the third quartile or below the first quartile were excluded from the data 
set (Moore and McCabe, 1999). 

4.4.1 Relationships between Raw Wastewater and STE 
Correlations were performed between raw wastewater and STE on all Tier 1 constituents. 

These correlations could be useful as sample collection and analyses of STE are relatively easy 
and straight forward, while collection of a raw wastewater samples is challenging at best. This is 
especially important for OWS designs that may not include a septic tank (e.g., membrane 
bioreactor) and thus the raw wastewater characteristics are required for design. In OWS with a 
septic tank, these correlations could provide insight into expected tank performance. While 
correlations were performed on all Tier 1 constituents, “strong” relationships (i.e., R2 ≥ 0.50) 
were observed only for alkalinity and total phosphorus (Figures 4-17 and 4-18). In addition, both 
of these constituents in STE were best correlated as an exponential function to the raw 
wastewater concentration. For example with alkalinity, this function suggests that the increase in 
alkalinity may reach an upper limit were the concentration no longer continues to increase (e.g., 
a simple linear relationship such as 2×raw concentration = STE concentration does not describe 
the observations). The complex interactions between factors (e.g., tank hydraulic residence 
times) and processes (e.g., ammonification) that affect alkalinity concentrations remain unclear 
with insufficient replicates in this project to determine the dominate factors/processes 
responsible for the observed alkalinity increase. A similar relationship was developed for total 
phosphorus concentrations in the raw wastewater and STE (Figure 4-18). 
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Figure 4-17. Correlation between Alkalinity in Raw Wastewater and STE (data from all sites).  
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Figure 4-18. Correlation between Total Phosphorus in Raw Wastewater and STE (data from all sites, excluding outliers). 
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Interestingly, a few noteworthy relationships between raw wastewater and STE that were 
expected to exist were not observed. For example, relationships for cBOD5, TS, and TSS were 
expected due to relatively consistently observed reductions between raw wastewater and STE 
concentrations. Specifically, ~50% reductions in cBOD5 were expected to enable correlation 
between cBOD5 in the raw wastewater and STE (Figure 4-19). It is likely that the limited number 
of data points generated in this study is insufficient to develop these types of relationships in 
constituent concentrations that vary widely due in part to differing site conditions and household 
water use activities. 
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Figure 4-19. Correlation between cBOD5 in Raw Wastewater and STE (data from all sites).  

 

4.4.2 Relationships between Different Constituents  
Correlations between various constituents were also conducted between Tier 1 

constituents to determine if information could be estimated in the absence of field data. Initially, 
comparisons were carried out individually for raw wastewater concentrations and for STE 
concentrations (Figure 4-20). However, when the analytical error was considered for each data 
point, the relationships established for the raw wastewater and STE separately were essentially 
the same as the raw wastewater and STE combined relationship (Figure 4-21). This combined 
correlation also typically had higher R2 values suggesting a stronger relationship between the 
constituents. These results suggest that the ratio between the constituents remain the same 
throughout the system. 
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Figure 4-20. Correlations between TOC and DOC in Raw Wastewater and STE (data from all sites, excluding outliers).  
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Figure 4-21. Correlation between TOC and DOC in Raw Wastewater and STE combined (data from all sites, excluding 
outliers).  
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Typically the BOD5 test is the most used analytical method to assess wastewater by 
measuring the biodegradable portion of organic material in the wastewater. However, there are 
several limitations to the test such as the test is time consuming, the five-day value is a function 
of the test methods and not the true total oxygen demand, and particles in the wastewater may 
have an impact on the test. Alternatively, the COD test consists of oxidizing the sample and then 
measuring the oxygen required for the chemical oxidation. While, the COD test measures the 
oxygen equivalent of the organic material present in the wastewater, it cannot differentiate 
between nondegradable and biodegradable organic materials. However, the COD test takes about 
four hours and requires minimal laboratory experience and equipment. The correlation between 
COD and cBOD5 (Figure 4-22) can be useful for approximating cBOD5 concentrations in either 
raw wastewater or STE. For example, if the COD in a waste is 1,000 mg/L, then the cBOD5 
concentration can be estimated based on the correlation equation in Figure 4-22. In this case, 
cBOD5 would be ~592 mg/L (e.g., cBOD5 = (COD – 206)/1.34).  

COD = 1.34 cBOD5 + 206
R2 = 0.55
n = 110

(outliers excluded)
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Figure 4-22. Correlation between cBOD5 and COD in Raw Wastewater and STE combined (data from all sites, excluding 
outliers).  

 

TOC is a convenient measurement of the total organic content, but it does not measure 
organically bound elements such as nitrogen, hydrogen or other inorganic compounds that may 
contribute to the oxygen demand. However, similar correlations may be used to estimate 
accompanying wastewater COD or BOD (for raw wastewater and STE). The correlation made 
between TOC and COD was TOC = 0.22×COD (R2=0.67) and for TOC and cBOD5 was TOC = 
0.24×cBOD5 (R2=0.43).  

Similar to relationships between raw wastewater and STE, a few noteworthy relationships 
that were expected to exist were not observed. For example, a relationship between pH and 
alkalinity could not be established due to the low variability in pH range (e.g., the relationship 
resulted in either a vertical or horizontal line which suggested all ranges of alkalinity in the tank 
would predict the same pH value). Another expected relationship between alkalinity and 
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ammonium-nitrogen, based on the observed increases in both constituents in the septic tank 
relative to the raw wastewater attributed to ammonification, could not be established (Figure 
4-23). Again, although this study was extensive compared to previous studies, it is likely that the 
number of data points generated was insufficient to develop these types of relationships in 
constituent concentrations that vary widely due in part to differing site conditions and household 
water use activities. 
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Figure 4-23. Correlation between Alkalinity and Ammonium-nitrogen in Raw Wastewater and STE (data from all sites).  

 

4.5 Mass Loading Estimates 
Combining concentration data with expected water use enables evaluation of mass 

loadings of constituents from either the raw wastewater or STE. Mass loading rates, reported 
here are in grams/capita/day (g/capita/d), were calculated based on the concentration of each 
constituent and the associated flow rate during the sampling event. Because samples were 
collected before and after treatment in the septic tank, two different mass loading rates could be 
determined: 1) raw wastewater flowing into the tank and 2) STE flowing out of the tank. As 
expected, the ranges in mass loading rates for all constituents were large for raw wastewater into 
the tank. Although the mass loading rates of STE out of the tank also showed variability, the IQR 
was typically less varied compared to the mass loading rates of the raw wastewater into the tank. 

The mass loading rates for cBOD5 are illustrated in the Figure 4-24. The ranges in 
loading rates were well outside of those previously reported in Crites and Tchobanoglous, 1998. 
Because the CFD includes all values (data was not screened for outliers), using the IQR may 
provide more useful for determining likely loading rates. The IQR of raw wastewater loading 
rates into the septic tank was between 38 and 126 g/capita/d, (similar to those reported by Crites 
and Tchobanoglous, 1998), while the IQR of STE loading rates out of the septic tank was 
between 19 and 67 g/capita/d. Comparison of the median loading rates into and out of the septic 
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tank (68 and 32 g/capita/d respectively) suggested cBOD5 mass removal of approximately 50% 
in the septic tank. Similar mass loading rate trends were found for COD (Figure 4-25). 
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Figure 4-24. Mass Loading Rates for cBOD5. 
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Figure 4-25. Mass Loading Rates for COD. 
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In contrast to both cBOD5 and COD, total nitrogen and total phosphorus showed little 
variability between the mass loading rates into and out of the septic tank (Figures 4-26 and 4-27). 
This suggests little to no removal of mass occurred in the septic tank. The median loading rate 
into and out of the septic tank was 10 g-N/capita/d. The median loading rates of total 
phosphorous into and out of the septic tank were 1.5 and 1.4 g-P/capita/d respectively. 

The results of mass loading rates into and out of the septic tank are summarized in Tables 
4-9 and 4-10. The mass of both cBOD5 and COD were decreased to half, and TSS decreased by 
two thirds, while the mass of alkalinity doubled.  
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Figure 4-26. Mass Loading Rates for Total Nitrogen. 
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Figure 4-27. Mass Loading Rates for Total Phosphorus. 

 
Table 4-9. Summary of Mass Loading Rates of Raw Wastewater into the Septic Tank (g/capita/d). 

Constituent Mean Std. Dev. Min Max Median 
Alkalinity (as CaCO3)   41 39 4 176 30 
TSS 80 93 2 401 42 
cBOD5 90 77 8 378 68 
COD 189 193 14 1088 125 
Total Nitrogen 14.2 13.3 0.6 69.6 10.1 
Total Phosphorus 3.6 4.9 0 31.7 1.9 

 

 
Table 4-10. Summary of Mass Loading Rates of STE out of the Septic Tank (g/capita/d). 

Constituent Mean Std. Dev. Min Max Median 
Alkalinity (as CaCO3)   95 103 7 474 67 
TSS 22 39 1 270 13 
cBOD5 52 48 4 239 33 
COD 98 91 10 420 57 
Total Nitrogen 13.3 12.3 1.1 71.6 10.1 
Total Phosphorus 2.5 3.4 0 15.9 1.4 

 
Regional mass loading rate trends were observed for several Tier 1 constituents, 

including cBOD5, COD, total nitrogen, ammonium-nitrogen, and total phosphorus. Mass loading 
rates of both raw wastewater into the tank and STE out of the tank were found to be much higher 
in Colorado compared to in both Florida and Minnesota. For example, the STE mass loading 
rates for cBOD5 in Colorado were 140% greater than in Florida, and 75% greater than in 
Minnesota, while the STE mass loading rates for COD were 92% greater than in Florida, and 
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62% greater than in Minnesota (Figure 4-28). Similar results were found for nutrients, where the 
STE mass loading rates for total nitrogen were 58% greater than in Florida, and 46% greater than 
in Minnesota, 70% and 73% greater respectively for NH3, and for total phosphorous, the rates 
were 93% greater than in Florida and over 142% greater than those in Minnesota (Figure 4-29).  
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Figure 4-28. Average Mass Loading Rates for cBOD5 and COD by Region. 
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Figure 4-29. Average Mass Loading Rates for Nutrients by Region. 
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It is interesting to note that all sites in Colorado use an in-sink garbage grinder, compared 
to only one site in Florida and one in Minnesota. However, it is unlikely that the disposals 
account for all of the high mass loading rates in Colorado. Crites and Tchobanoglous (1998) 
report 10-25% higher mass loading rates of raw wastewater into the septic tank from a household 
with a garbage grinder compared to households without a grinder. 

Mass loading rate trends were also observed for occupant age for several Tier 1 
constituents, including cBOD5, COD, total nitrogen, ammonium-nitrogen, and total phosphorus. 
Mass loading rates of both raw wastewater into the septic tank and STE out of the tank were 
found to be much higher in households where the occupants were older than 65. For example, the 
mean raw wastewater mass loading rate into the septic tank for cBOD5 was 59 g/capita/d in 
households where occupants were younger than 65 and 144 g/capita/d in households where 
occupants were older than 65 (Figure 4-30). Similar results were observed for STE mass loading 
out of the septic tank (mean mass loading rates of 34 g/capita/d vs. 90 g/capita/d for occupants 
younger and older than 65, respectively) (Figure 4-31). Mass loading rates of raw wastewater 
into the septic tank for all Tier 1 constituents were observed to be 140% to over 300% greater in 
households with older occupants than in households with younger occupants. The Tier 1 mass 
loading rates of STE out of the septic tank were 165% to over 300% greater in households with 
older occupants than in households with younger occupants. 
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Figure 4-30. Mass Loading Rates of Raw Wastewater into the Septic Tank for cBOD5 by Age of Occupant. 
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Figure 4-31. Mass Loading Rates of STE out of the Septic Tank for cBOD5 by Age of Occupant. 

 

Correlations were also evaluated between the mass loading of the raw wastewater into the 
tank and of STE out of the tank. It is interesting to note that while correlations could not be 
established between the raw wastewater and STE concentrations, correlations between mass 
loading rates had R2 values >0.50. This suggests that the per capita mass loading rates are 
normalized to the differences between site conditions and are relatively similar and independent 
of regional location, season, age of the occupant, or number of occupants per household. These 
correlations also provide insight into expected tank performance which was not captured in the 
CFDs or correlations of concentrations. For example, a correlation between the mass loading rate 
of cBOD5 from raw wastewater into the tank and STE out of the tank suggest approximately 
50% removal of cBOD5 in the septic tank (Figure 4-32). This finding supports similar estimated 
removal rates based on average concentration (49%) and average mass loading rate (50%). A 
similar relationship was observed for COD (Figure 4-33).  

However, for total nitrogen and total phosphorus, the correlations between mass loading 
rates appear to contradict the results as presented on CFDs. In this case, the correlations between 
the mass loading rate from raw wastewater into the tank and STE out of the tank suggests 
approximately 20% removal of total nitrogen and ~40% of total phosphorus in the septic tank 
(Figures 4-34 and 4-35) while the CFDs (see Figures 3-15, 3-19, 4-26, and 4-27) suggest no 
removal in the tank. The key difference is because the CFD illustrates the relative range of 
constituent concentrations from an entire data population based on the frequency of the 
occurrence. Specifically, the 25% value for total nitrogen in raw wastewater may be from one 
site while the 25% value in STE may be from a different site and/or different sampling event. In 
both the raw wastewater and STE, the 25% CFD value simply indicates that 25% of the 
measured values are less than the 25% value. In contrast, the mass loading rate correlations are a 
paired comparison of the raw wastewater concentration and flow with the STE concentration and 
flow at a single site during a single sampling event. Thus, the mass loading rate correlation 
incorporates the actual observed removal of a constituent for all sites and sampling events during 
the project. 
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Mass loading rate correlations were also evaluated between constituents. Again, although 
some correlations could not be established between the raw wastewater and STE concentrations, 
correlations based on mass loading rates were observed with higher R2 values >0.50. For 
example, correlation of cBOD5 and COD concentrations was observed at an R2 value of 0.55 
(Figure 4-22) compared to the observed relationship based on mass loading rates at an R2 value 
of 0.63 (Figure 4-36). The expected relationship between alkalinity and ammonium-nitrogen, 
could not be established based on concentrations (Figure 4-23, R2 value of 0.16 and 0.32) but 
was observed for mass loading rates at an R2 value of 0.87 (Figure 4-37). These mass loading 
correlations enable estimation of difficult to measure constituents from relatively easy to obtain 
information. In these cases, the ammonium-nitrogen mass loading rate could be estimated based 
on a simple to obtain alkalinity measurement and an estimated flow rate. Similarly, the cBOD5 
mass loading rate could be estimated based on COD measurements and estimated flows. 
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Figure 4-32. Correlation between cBOD5 Mass Loading Rates of Raw Wastewater into the Septic Tank and of STE out of 
the Septic Tank. 
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Figure 4-33. Correlation between COD Mass Loading Rates of Raw Wastewater into the Septic Tank and of STE out of 
the Septic Tank. 
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Figure 4-34. Correlation between Total Nitrogen Mass Loading Rates of Raw Wastewater into the Septic Tank and of 
STE out of the Septic Tank. 
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Figure 4-35. Correlation between Total Phosphorus Mass Loading Rates of Raw Wastewater into the Septic Tank and of 
STE out of the Septic Tank. 
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Figure 4-36. Correlation between cBOD5 and COD Mass Loading Rates of Raw Wastewater into the Septic Tank 
combined with STE out of the Septic Tank. 
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Figure 4-37. Correlation between Alkalinity and Ammonium-nitrogen Mass Loading Rates of Raw Wastewater into the 
Septic Tank combined with STE out of the Septic Tank. 
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CHAPTER 5.0 
 

SUMMARY AND CONCLUSIONS 
 
 
5.1 Summary 

Decentralized wastewater management involving OWS has been recognized as a 
necessary and appropriate component of a sustainable wastewater infrastructure. Increasing uses 
of alternative OWS rely on additional treatment of the STE prior to discharge to the environment 
in sensitive areas or may eliminate use of a septic tank altogether. In addition, waste streams to 
be treated by OWS have changed during recent years due to changing lifestyles including 
increasing use of personal care and home cleaning products and lower water use due to water 
conservation efforts. While much research has been done to understand the composition of STE 
and its treatment in the soil or with engineered treatment units, limited information on raw 
wastewater is available. Data reported are often of different quality or type, limiting the 
usefulness of the information. Furthermore, scientific understanding has not been fully or clearly 
documented and thus not widely available to those working in the OWS field.  

The overall goal of this research project was to characterize the extent of conventional 
constituents, microbial constituents, and organic wastewater contaminants in single source OWS 
raw wastewater and STE to aid OWS system design and management. The first phase of this 
research project was to conduct a thorough literature review to assess the current status of 
knowledge related to the composition of single source raw wastewater, identify key parameters 
affecting wastewater composition, and identify information gaps in the current knowledge. The 
literature review results can be found in Lowe et al., 2007 and the associated database 
(www.ndwrcdp.org/publications). Based on the findings of the literature review, the second 
phase of the research project was initiated to characterize the composition of residential single 
source raw wastewaters and STE. 

Field investigations were conducted quarterly (fall, winter, spring, and summer) at a total 
of 17 sites from three regions (Colorado, Florida, and Minnesota) within the U.S. to ensure that 
the results and information gained had broad applicability to the management and design of 
OWS. Flow-weighted 24-hour composite samples were collected from the raw wastewater and 
STE. A tiered monitoring approach was utilized focusing on conventional constituents, microbial 
constituents, and organic chemicals. Tier 1 parameters were monitored at all sites and included 
pH, alkalinity, solids (TS and TSS), organic carbon (cBOD5, COD, and TOC/DOC), nutrients 
(total nitrogen, ammonium-nitrogen, nitrate-nitrogen, and total phosphorous), and fecal coliform 
bacteria. Tier 2 parameters were monitored at 50% of the sites and included E. coli, coliphage, 
and oil and grease. Tier 3 included organic trace chemicals monitored at 20% of the sites. In 
addition, daily and weekly variability within the raw wastewater and STE were monitored.  

All households monitored during this project had OWS that were <20 years old (most 
were <10 years) with concrete chambered septic tanks between ~4,000 to 5,700 L. One site had 
two ~3000 L, non-chambered tanks and one site had two ~5700 L tanks serving an eight-unit 
apartment building. Households had two to six occupants ranging in age from small children to 
seniors (one site served an eight-unit apartment building with 18 occupants). Each household 
was given a detailed survey that included questions on water use, personal care products and 
pharmaceuticals used on a regular basis, septic system specifics (size, age, last pump, etc.), and 

http://www.ndwrcdp.org/publications/index.htm�
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general household questions such as occupancy, number of bedrooms, use of garbage disposal 
and water softener. 

The results were complied into spreadsheets and descriptive statistics (i.e., average, 
median, minimum, maximum, and standard deviation) and ANOVA tests were conducted. Data 
was evaluated by combining all the data together by waste stream (raw wastewater and STE) to 
identify general trends. Further data analyses included separating the data by regional location, 
season, and age of occupants. Graphical tools included preparation of CFDs, box and whisker 
plots, and individual parameter correlations.  

 

5.2 Conclusions 
This report provides the findings from a comprehensive field monitoring program in 

various formats to enable OWS designers and decision makers the ability to utilize the data in a 
number of ways. Most importantly, the reported data formats allow each individual data user to 
select representative constituent values with an understanding of the limitations of the data and 
potential uncertainty (i.e., negative or positive biases). In some cases, a median value may be of 
most interest, in some cases more specific values may be of interest, while in some cases an 
estimate may be warranted in the absence of data. Based on these findings, the following 
conclusions have been made: 

♦ The median indoor water use was 171 L//d (n=64) (45.2 gpcd) which is 25% lower than 
previous studies conducted nearly 10 years ago (229 L/capita/d [60.5 gpcd], Mayer 
1999). 

♦ The range of Tier 1, Tier 2, and Tier 3 constituent concentrations was higher for raw 
wastewater compared to STE. 

♦ An increase in alkalinity and ammonium-nitrogen concentrations from the raw 
wastewater to the STE was observed at all sites in each region and during each sampling 
event. 

♦ A decrease in TS, TSS, cBOD5, COD, TOC, DOC, nitrate-nitrogen, and oil and grease 
from the raw wastewater to the STE was observed at all sites in each region and during 
each sampling event. 

♦ The concentrations of consumer product chemicals ranged over three orders of 
magnitude. Caffeine, ethylenediaminetetraacetic acid (EDTA), 4-
nonylphenolmonoethoxylate (NP1EO) and triclosan were detected in all STE samples. 

♦ Of the pharmaceutical residues, pesticides, and flame retardants analyzed for, only 
ibuprofen, naproxen, and salicylic acid were detected in raw wastewater and STE. 

♦ Significant (alpha = 0.05) regional variations in concentrations were observed for:  
o pH and alkalinity in raw wastewater, and 

o pH, alkalinity, TS, cBOD5, COD, TOC, DOC, nitrate-nitrogen, and E. coli in 
STE. 

♦ Significant (alpha = 0.05) variations due to the age of the household occupants (either 
over 65 or under 65) were observed for:  

o water use, 
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o pH, alkalinity, and TS concentrations in raw wastewater, and 

o alkalinity, TS, cBOD5, COD, TOC, DOC, total nitrogen, ammonium-nitrogen, 
nitrate-nitrogen, and total phosphorus concentrations in STE. 

♦ No significant (alpha = 0.05) seasonal variations were observed for raw wastewater or 
STE concentrations. 

♦ Weekly and daily variations were observed in the raw wastewater for all constituents 
(Tier 1, Tier 2, and Tier 3) with little variability observed in STE concentrations. The 
variations are attributed to the specific water use activities. 

♦ Relationships between raw wastewater and STE concentrations were established for 
alkalinity and total phosphorus (R2 > 0.50). No relationship between raw wastewater and 
STE could be established for other Tier 1, Tier 2, or Tier 3 constituents. Relationships 
between different constituent concentrations in raw wastewater and STE combined were 
established for cBOD5 and COD, and TOC and DOC (R2 > 0.50). The complex 
differences between and interactions of system properties and processes remain unclear 
with insufficient replicates to determine concentration relationships.  

♦ Mass loading rates for constituents from raw wastewater into the septic tank and from 
STE out of the septic tank were determined.  

o Regional differences in mass loading rates were observed. 

o Differences in mass loading rates attributed to the age of the occupants were 
observed. 

o Relationships between raw wastewater and STE mass loading rates were 
established for cBOD5, COD, total nitrogen, and total phosphorus (R2 > 0.50). 

o Relationships between different constituent mass loading rates of raw wastewater 
into the septic tanks combined with STE out of the septic tank were established 
for cBOD5 and COD, TOC and DOC, alkalinity and ammonium-nitrogen (R2 > 
0.50). 
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