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ABSTRACT 27 

The Ridge to Reefs (R2R) Bioreactor Garden (BG) is a constructed wetland (CW) type 28 

wastewater system that was evaluated at the East Honolulu Wastewater Treatment Plant 29 

(EHWWTP).  A pump, plumbing, electronic valves, dosing tank with float switch, and a 30 

programmable logic controller (the "system") were fitted to the R2R-BG.  The system withdrew 31 

screened raw wastewater from the EHWWTP influent channel as influent and treated effluent was 32 

discharged into the EHWWTP sewer.  The system was designed to provide a total flow of 600 33 

gal/day to the Bioreactor Garden in a manner prescribed by the National Sanitation Foundation 34 

Standard 40 (NSF40) and 245 (NSF245) test protocols.  The NSF40/245 protocols call for 35% of 35 

the daily flow to enter between 6 am and 9 am, 25% to enter between 11 am and 2 pm, and 40% 36 

to enter between 5 pm and 8 pm.  The protocol calls for a sixteen-week continuous design loading 37 

period followed by a series of four stress loading tests over 7.5 weeks and a final 2.5 weeks of 38 

design loading. 39 

 The R2R-BG, individual wastewater treatment system, was brought on-line for continuous 40 

operation on January 31, 2020.  The sixteen-week standard performance period was completed 41 

between March 1 and June 20, 2021.  The series of four stress test loadings specified by the NSF 42 

protocols were conducted between June 21 and August 11, 2021, and the final 2.5 weeks of design 43 

loading was completed on August 30, 2021. A programmable sampler (ISCO 3700) was used to 44 

collect effluent samples five-days-per-week during the period when the unit received influent, and 45 

a refrigerated programmable sampler (ISCO 5800) was used to collect 24-hour influent composite 46 

samples.  Effluent samples were composited in proportion to the influent flow pattern.  Influent 47 

samples were monitored for biochemical oxygen demand (BOD5), total suspended solids (TSS), 48 

nitrogen species, phosphorus species, anions and cations, pH, and alkalinity (Alk). Effluent 49 
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samples were monitored for carbonaceous BOD (CBOD5), TSS, nitrogen species, phosphorus 50 

species, anions and cations, pH, and Alk. No maintenance or modifications or repairs were made 51 

during the test period. 52 

 During the entire test period, the influent feed wastewater met the requirements of NSF40 53 

and 245 and the R2R-BG system performed very well.  Minimum performance for production of 54 

a NSF40 Class I effluent requires that the 30-consecutive-day mean effluent concentration of 55 

CBOD5 and TSS be no greater than 25 mg/L and 30 mg/L, respectively.  At the same time, the 56 

mean values of CBOD5 and TSS for any 7-consecutive days cannot be greater than 40 mg/L and 57 

45 mg/L, respectively.  In addition, the effluent pH must always be between the limits of 6.0 and 58 

9.0.  The NSF245 standard requires that the average of all samples during the 16-week design 59 

loading period provide at least 50% removal of total nitrogen (TN).  During the entire 26-week 60 

evaluation period, effluent CBOD5 averaged 19 mg/L, effluent TSS averaged 6 mg/L, and pH 61 

averaged 7.6 (minimum 7.1, maximum 8.5).  During the design loading period, TN removal 62 

averaged 87%. The data presented in this report indicate that the R2R Bioreactor Garden met all 63 

of the requirements for NSF40 Class I effluent and all of the NSF245 criteria for TN removal. 64 

 65 

Keywords: Constructed Wetland, Wastewater Treatment, Denitrifying Bioreactor System, NSF40, 66 

NSF245, Onsite Treatment and Disposal System, Individual Wastewater System, Cesspool 67 

Replacement, Bioreactor Garden   68 
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1. INTRODUCTION 

1.1. General Background 

The US Environmental Protection Agency (EPA) estimates that nearly 70 million housing 

units (approximately 30%) are not served by publicly owned sewer collection systems connected 

to primary, secondary, or advanced waste treatment facilities.  These homes must each operate 

their own on-site system to collect, treat, and dispose sewage (OSDSs). The situation in the State 

of Hawaii seems to be typical, specifically, there are an estimated 90,000 cesspools and at least 

5,000 septic tanks statewide.   

The US Soil Conservation Service estimates that at least 68% of the land in the United States 

is unsuitable for leaching systems (Wenk, 1971 and Brewer 1978).  Unreliable soil absorption 

systems connected to septic tanks providing limited treatment may cause contamination of 

groundwater and receiving waters.  For the 1.1 million people living in the state of Hawaii, there 

is a disproportionally large number of cesspools and septic tanks that are potentially disposing of 

less than desired quality effluent into the ground where it can infiltrate to groundwater, adjacent 

surface waters, or sensitive near-shore ocean waters.  For example, a family of four produces an 

average wastewater flow rate of 400 gallons per day, meaning that the existing septic systems and 

cesspools are currently discharging approximately 26 billion gallons of poorly treated wastewater 

into the soils of the State each year.  If not mitigated, Hawaii’s groundwater, ocean, and 

surrounding soil could become contaminated. A statewide condition assessment survey of OSDSs 

in 2011-2012 found that 80% of systems were not receiving basic preventative maintenance and 

32% were either failing or in danger of failing (Babcock et al 2014).  

  The State of Hawaii Department of Health (DOH) is charged with protecting public health 

and has the authority to approve individual wastewater treatment systems.  Replacement of 
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cesspools and septic tanks with individual constructed wetland (CW) systems for wastewater 

treatment that provide complete treatment of wastewater to secondary or higher quality levels is 

an attractive alternative.  CW type systems have been available for many years throughout the 

mainland United States but have not yet been approved for use in Hawaii on an individual 

household scale.  To obtain permission from the Hawaii DOH for installation in Hawaii, an 

innovative technology such as a CW type system, must meet the National Sanitation Foundation 

(NSF) Standard 40 requirements (NSF, 2013) or be otherwise acceptable (Hawaii Administrative 

Rules, HAR 11-62). 

1.2. Objectives of the Study  

The main objectives of this project were: 

 Evaluate the performance of the Ridge to Reefs Bioreactor Garden (R2R-BG), a residential 

wastewater treatment system, in relation to NSF40 and NSF245 requirements for a design 

loading period of sixteen weeks. 

 Evaluate the performance of the R2R-BG, a residential wastewater treatment system, in 

relation to NSF40 and NSF245 requirements for a series of four stress loading tests over a 

period of 7.5 weeks followed by 2.5 weeks of design loading. 

2. MATERIALS AND METHODS  

2.1. Hawaii State Department of Health Requirements 

The Hawaii State Department of Health approves all wastewater treatment systems in the State 

of Hawaii.  The applicable regulation is Hawaii Administrative Rules, Title 11, Chapter 62 (HAR 

11-62).  HAR 11-62 defines “individual wastewater systems” as “facilities, such as septic systems, 

aerobic treatment units, and cesspools, that are not connected to a sewer and used and designed to 

receive and dispose of: (1) no more than 1,000 gallons per day of domestic wastewater; or (2) 
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greater than 1,000 gallons per day of domestic wastewater from buildings with highly variable 

flows” (11-62-03).  Section 11-62-31.1 gives general requirements for proposed individual 

wastewater systems.  Section 11-62-35 (a) states that “other individual wastewater systems such 

as composting toilets, incinerator toilets, natural systems, and other individual wastewater systems 

not specifically covered in this chapter shall be reviewed and approved by the director on a case-

by-case basis”.  The R2R-BG is a constructed wetland type individual wastewater system, which 

is classified as a “natural system”, and thus requires director approval.    Item 11-62-33.1(b)(2) 

states “Household aerobic units shall be approved by the director based upon the “Standard No. 

40” for Class I units as set forth by the National Sanitation Foundation (NSF).  The performance 

data shall have been obtained by an agency such as a university or an independent research 

laboratory acceptable to the director or from the National Sanitation Foundation (NSF) Testing 

Laboratory, Ann Arbor, Michigan.”  Data collected in accordance with NSF40, by the University 

of Hawaii, will be utilized to obtain approval from the director for the use of a natural system in 

Hawaii. 

2.2. National Sanitation Foundation (NSF) Standard 40 Requirements   

The NSF40 standard provides protocols for testing individual treatment units, as well as 

criteria for acceptable minimum performance.  Testing protocols with respect to influent feed 

water quality include 30-day average values of certain parameters, including BOD5 (100-300 

mg/L), TSS (100-350 mg/L), pH (6.5-9.0), temperature (10-30 C), and alkalinity (minimum 175 

mg/L as CaCO3). 24-hr composite samples of influent and effluent must be collected Monday 

through Friday and analyzed for BOD5/CBOD5, TSS, pH, temperature and DO. On three occasions, 

effluent samples are analyzed for color, odor, oily film, and foam. Minimum performance for 

production of a NSF40 Class I Effluent requires that the 30 consecutive-day mean effluent 
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concentration of five-day Carbonaceous Biochemical Oxygen Demand (CBOD5) and Suspended 

Solids (SS) be no greater than 25 milligrams/liter (mg/L) and 30 mg/L, respectively.  Additionally, 

the mean values of CBOD5 and TSS for any 7-consecutive days cannot be greater than 40 mg/L 

and 45 mg/L, respectively.  The effluent pH must always be between 6.0 and 9.0.  This is 

essentially equivalent to the Environmental Protection Agency definition of “secondary treatment.”  

More of the detailed NSF protocols for loading/testing are described below. 

2.3. National Sanitation Foundation (NSF) Standard 245 Requirements   

The NSF245 standard provides protocols for testing individual treatment units, as well as 

criteria for acceptable minimum performance.  The testing protocols with respect to influent feed 

water quality include all the same parameters as NSF40 and in addition TKN (35-70 mg/L). In 

addition to the 5-days per week sampling for BOD/SS/pH/temperature/DO required for NSF40, 

24-hr composite samples of influent and effluent must be collected M-W-F and analyzed for TKN, 

NH3-N, NO2-N, and NO3-N. Minimum performance for production of a NSF245 effluent requires 

that the average total nitrogen concentration of all effluent samples (during the 16 week design 

loading period) shall be less than 50% of the average total nitrogen concentration of all influent 

samples. More of the detailed NSF protocols for loading/testing are described below.  

2.4. Physical Set Up  

2.4.1. Location 

The R2R-BG was located near the grit chamber at East Honolulu Wastewater Treatment Plant 

(EHWWTP) to collect raw influent wastewater (photo #1 – Appendix III).  A submersible pump 

was placed in the primary clarifier inlet channel (only prior treatment is bar rack and grit chamber) 

to supply raw wastewater to a 1,000-gallon Infiltrator (IM 1060) septic tank.  A platform was built 

next to the tank for access and to stage the influent control apparatus (bucket). An ISCO 3700 
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programmable automatic sampler was used to collect effluent samples, and an ISCO 5800 

refrigerated sampler was used to collect influent samples.  The equipment, instrumentation, and 

appurtenances are discussed in detail below.  

2.4.2. Pump and Piping 

A sump pump operating continuously was connected to a 2-inch PVC pipe and submerged in 

EHWWTP’s influent channel.   

A schematic diagram of the piping is shown in Photographs 1-4 (Appendix III).  Photograph 

1 shows the piping from a side view of the septic tank, Photograph 2 shows a side view of the 

R2R-BG, Photograph 3 shows the influent piping.  In Photograph 3, the pipe labeled A is from the 

sump pump, the pipe labeled B is a return line from the flow throttling valve (V1), the pipe labeled 

C is a return line which provided overflow protection for the influent control bucket apparatus, the 

pipe labeled D (in Photograph 1) is the Septic Tank influent line and the pipe labeled E (Photograph 

2) is the R2R-BG influent line.  The influent pipe (labeled A) is connected to a “T” section.  One 

side of the “T” section is connected to a manual gate valve for flow throttling (V1), which is 

connected to piping (B) that diverts the flow back to the influent channel to prevent sump-pump 

overload.  The other side of the “T” section was reduced from 2 inches to 1 inch piping using a 

reducer.  The reduced section was connected to an electronic-motorized two-way valve assembly 

(V2) before being inserted into the influent control bucket.  To prevent overflow in the event of a 

failure of the influent control apparatus, an overflow pipe (C) was inserted about one inch below 

the bucket’s lip. Photograph 1 shows the influent line (D) coming from the bottom of the influent 

bucket and passing into the Septic Tank influent port. 

The electronic motorized valves were ASAHI/American Electronic corrosion resistant 

thermoplastic uni-body ball valves manufactured with Teflon/EPDM dual seats and EPDM stem 
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seals capable of a 5 second response time to open and close.  These valves were connected to a 

Programmable Logic Control (PLC) unit located inside the enclosure (Photograph 5).  When the 

first valve was activated, this allowed wastewater to flow into the influent control bucket 

(Photograph 4).  When the raw influent reached 6.25 gallons, a float switch (labeled FS – 

Photograph 4) located inside the bucket sent a signal to the PLC which then closed the 

electromechanical valve to stop the raw wastewater from flowing into the bucket.  Sixty seconds 

after the influent electromechanical valve closes, a second motorized valve (V3, between the 

bucket apparatus and the Septic Tank) opened allowing the collected wastewater to enter the Septic 

Tank.  The valve then remained open until the timed start of another bucket filling cycle.  These 

two valves operated flawlessly during the approximately 6 months of operation.  This cycle is 

repeated until the volume of wastewater flow required at each time interval was achieved.  After 

the wastewater passes through the Septic tank unit, it travels through pipe E, Photograph 2, into 

the R2R-BG, from which the treated effluent gravity flows into the effluent sample bucket which 

overflows back into the influent channel.   

Diagram 1. Schematic diagram of piping system  for Bioreactor Garden Performance Testing 
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2.4.3. Influent Control  

Flow rates were automatically controlled using the influent control apparatus (bucket), a PLC 

unit containing a stored program, an automatic sprinkler timer (clock), and the two 

electromechanical valves.  The logic unit was activated electronically using the “clock” that was 

set at prescribed time intervals of 0600 hours, 1100 hours, and 1700 hours.  Photograph 5 

(Appendix III) shows the logic unit, and the automatic sprinkler timer inside of a protective panel.  

The logic unit was a Mitsubishi MELSEC FX0-14MR-ES series programmable controller.  The 

logic unit was preprogrammed by Dr. Roger Babcock using a computer and MELSEC MEDOC 

programmable software to develop the Programmable Logic Controller (PLC) program.  The 

MELSEC MEDOC PLC program can be programmed in ladder logic format.  The automatic 

sprinkler timer located next to the logic unit is a DiG Model 8006 timer (photo #5 – Appendix III).  

This timer was used to activate the logic unit for all three feed cycles.        

One minute after the PLC received the electronic signal from one of the automatic sprinkler 

timers, the effluent motorized valve was closed and then the influent electromechanical valve 

opened to allow wastewater pumped from the influent channel into the bucket apparatus located 

on top of the platform (Photographs 4 – Appendix III).  The bucket was used to control the volume 

of wastewater into the septic tank according to NSF40 loading requirements described below.  The 

bucket would fill and empty a certain number of times (6.25 gallons per fill) depending on which 

time cycle was activated to achieve the desired average daily flow rate.   

2.4.4. Description of Ridge to Reefs Bioreactor Garden  

There are many types of wetlands, some types include freshwater marshes, river wetlands, 

swamps, agricultural wetlands, and the constructed wetland for wastewater treatment.  Wetlands 

are characterized by periodic and permanently saturated soil conditions, as well as by a steep 
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gradient in soil redox conditions contributing to their biogeochemical element cycling capacities.   

The proximity of oxic-anoxic zones in a wetland, created by plant roots, allow for the simultaneous 

activity of aerobic and anaerobic microorganisms that are abundant in wetland plants, waters, and 

sediments. Aerobic and anaerobic organisms compete for electron donors, resulting in carbon 

degradation, and the emission of methane (CH4) and carbon dioxide (CO2). Wetland vegetation 

soaks up carbon through photosynthesis, then when vegetation dies, it deposits carbon to the 

sediments which is important for microbial activities such as nitrification (Pester et. al 2012). 

The R2R-BG consists of a septic tank and an enclosed above ground Constructed Wetland 

(CW).  The septic tank receives raw wastewater and is allowed time to settle achieving solid-liquid 

separation. Separated effluent from the septic tank flows to the CW and is dispersed via submerged 

horizontal flow.  Plants and denitrifying bacteria in the CW transform pathogens and nutrients in 

the water before discharging it to be infiltrated to the ground.  The relative size and shape of the 

Bioreactor Garden system can be seen in diagrams 2-3.  Diagram 4 details the different 

configurations available for the construction of the Bioreactor Garden (CW).   

Diagram 2.  Bioreactor Garden Cross-Section (with vetiver grass, open top) 
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Diagram 3. Bioreactor Garden Aerial View 

 

 
 
 
 
 
 
 
 
 
 
 

Diagram 4. Volume Calculations and example Bioreactor Garden Designs - Aerial View 

 

2.4.5. NSF Standard 40 and 245 Test Requirements  

The NSF Standard 40 (NSF40) 2013 document contains protocols for testing the performance 

of ATUs and other requirements which must be satisfied for NSF certification. The NSF245 (2013) 

document mimics the NSF40 document and adds only a single requirement for quantifying 

nitrogen removal (all other test requirements are the same).  Parts of the NSF40/245 address 

materials of construction, warrantees, and service agreements which are not discussed further here.  

The performance testing portion of the standard includes protocols for conducting a sixteen-week 
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“design loading period” test, protocols for conducting a set of four “stress loading” tests over 7.5 

weeks followed by 2.5 weeks of design loading, and performance criteria that must be achieved 

during the tests to qualify for certification.   

The NSF40/245 calls for testing the system at its rated daily flow capacity and specifies a 

discontinuous flow pattern in which certain percentages of the flow are treated in three discrete 

time intervals (each with a duration of three hours).  This flow pattern is shown in Table 1.  For 

the R2R-BG, a flow rate of 600 gal/day was chosen because a typical housing unit of interest is a 

3 - bedroom unit and State rules specify that a designer must assume 2 persons per bedroom and a 

flow rate of 100 gal/day/capita.  Therefore, typical R2R-BGs must be capable of meeting the needs 

of a family of six creating wastewater at the rate of 600 gal/day. 

Table 1. Design loading period conditions (16-weeks duration at 7 days a week) 

Time of day (hr) Daily flow (%) Volume (gal)  Bucket fills (#) 

0600 – 0900 35 210 35 

1100 – 1400  25 150 25 

1700 – 2000 40 240 40 

To assess the basic performance of the residential wastewater treatment unit, a protocol for 

sample collection (see Table 2) was developed to meet the NSF Standard 40 requirement for 

“composite” samples.  NSF specifies that influent and effluent should be sampled during periods 

when flow is directed into the unit.  NSF further specifies that samples should be taken five days 

per week and that they should be flow-based composite samples.  Flow-based composite samples 

were created by mixing portions of the samples collected during each daily interval in proportion 

to the quantity of flow treated during each interval (see Table 2).   
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Table 2. NSF Standard 40 Sample Collection Requirements 

Type Time (hrs)  Amount Composite volume 

Morning 0630, 0730, 0830 300 ml each time 350 ml 

Afternoon 1130, 1230, 1330 300 ml each time 250 ml 

Evening 1730, 1830, 1930  300 ml each time 400 ml 

TOTAL   1000 ml 

An automatic sampling device, ISCO 3700 (Photograph 6, Appendix III), was used to collect 

the morning, afternoon, and the evening samples of effluent according to the schedule shown in 

Table 2.  Photograph 7 shows the ISCO 5800 refrigerated sampler used to collect a 24-hour 

composite sample of the influent.  The effluent composite samples were produced by taking the 

amount prescribed, 350, 250, and 400 ml, and mixing them appropriately creating 1000 ml of 

composite effluent samples.  These volumes correspond to 35% of the daily flow in the morning, 

25% at noon, and 40% at dinner time. The influent sample was composited with equal flow over 

a 24-hour period.  Temperature was measured in the effluent. According to NSF40, samples are 

required to be collected and analyzed on a five-day per week basis for BOD/CBOD/TSS/ pH/Alk 

for 16 weeks for the design loading period.  These samples were collected Monday through Friday.  

According to NSF245, samples are required to be collected and analyzed on a three-day per week 

basis for nitrogen species during the 16-week design loading period. 

The NSF40/245 also contains protocols for a series of four stress loading tests.  The series of four 

tests is designed to evaluate the actual performance of the unit under real-world conditions which 

because of high or low loads create a condition of stress for the treatment processes.  The four 

stress tests are called: wash day, working parent, power/equipment failure, and vacation.  The 

stress tests and sequence last 52 days are described as follows: 
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 Wash Day: Normal daily flow pattern plus three total washer loads (1 wash and 2 rinse 

cycles completed within 45 minutes: each cycle consists of 12 +- 1 gal or 36 gallons per 

load) split between the hours of 6:00am and 9:00am and 11am and 2pm.  Detergent and 

non-chlorine bleach are added at rates specified on packaging. This test was conducted in 

one week on Monday, Wednesday, and Friday (5 days). 

Time of day % of daily flow gallons 

6 am - 9 am 35 210 

6 am – 9 am one wash load 36 

11 am - 2 pm 25 150 

11 am – 2 pm two wash loads 72 

5 pm - 8 pm 40 240 

Total:  100 708 

 

 Design Loading (stress test recovery): Saturday through following Sunday (9 days) 

 Working Parent:  Modified daily flow pattern in which there is no flow to the units 

between 9:00 and 17:00 for five consecutive days (Monday-Friday).  The flow pattern is 

as follows (5 days): 

Time of day % of daily flow gallons 

6 am - 9 am 40 240 

5 pm - 8 pm 60 360 

5 pm - 8 pm one wash load 36 

Total:  100 636 
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 Design Loading (stress test recovery): Saturday through following Sunday (9 days) 

 Power/Equipment Failure: This test was conducted during a 72-hour period.  The 

modified flow pattern is as follows (3 days): 

Day Time of Day % daily flow  Flow rate gallons 

Monday 6 am - 9 am  

11 am - 2 pm   

35 

25 

210 

150 

Tuesday-Friday all day  0 0 

Saturday-Sunday all day  0 0 

Monday-Tuesday all day  0 0 

Wednesday 5 pm - 8 pm 60 360 

Wednesday  5 pm - 8 pm 3 wash load 108 

 

 Design Loading (stress test recovery) for 18 days 

2.5. NSF Standard 40/245 Analytical Requirements and Methods  

The primary goal of testing the R2R-BG was to determine whether this system could produce 

effluent that satisfied the NSF40 Class I requirements and achieve at least 50% nitrogen removal. 

Tables 3, 4 and 5 summarize the analyses performed. 

Samples were collected and analyzed according to procedures described in the 19th edition of 

“Standard Methods for the Examination of Water and Wastewater” (Standard Methods, 1995) – 

see Table 3.  In addition to these daily tests, NSF40/245 requires that the effluent be diluted by 

1000 times and tested at least three times during the six-month evaluation for color, odor, oily film, 

and foam. As specified in NSF40/245, odor was measured by presenting the 1000-times diluted 

effluent for comparison to odor-free distilled water to a panel of five volunteers who are asked to 
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decide if the diluted effluent is “offensive.” Oily film and foam are a visual evaluation of 

presence/absence for the 1000-times diluted effluent samples. These parameters are important 

indicators for healthy microorganisms for attached and suspended activated sludge treatment.  The 

R2R-BG does not have an aerated tank within which to measure system DO.  pH was measured 

using Standard Methods 4500 H, respectively.  Temperature was measured using the thermistor 

integral to the Dissolved Oxygen probe.  The pH meter was calibrated prior to each use. The testing 

schedules for NSF40 and NSF245 are shown in Tables 4 and 5, respectively. 

Table 3. Analytical Methods 

Analyte  Method 

BOD5/CBOD5  STM 5210 B 

TSS STM 2540 D 

pH  STM 4500-H 

Temperature pH probe 

TKN STM 4500 N-org 

TP  STM 8190 

Cations/Anions 
Dual Dionex ICS-1100 Ion Chromatographs, AS-

DV Autosampler 

Alkalinity  STM 4500 H+B 

Color STM 2120 B 

Odor Panel 

Oily Film Visual 

Foam Visual 
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Table 4. NSF40 Analytical Testing Protocol 

Sample Type of Freq. BOD5 CBOD5 TSS Temp pH Alk 

Location Sample of test mg/L mg/L mg/L oC   
mg/L as 

CaCO3 

Raw 

Influent 

24 hr 
Daily 

(M-F) 
X   X X X   

Comp (MWF)           X 

Final  

Effluent  

24 hr 
Daily 

(M-F) 
  X X X X   

Comp (MWF)           x 

 

Table 5. NSF245 Analytical Testing in Addition to NSF40 

Sample Type of TKN Cations Anions TOC/NPOC TP 

Location Sample mg/L mg/L mg/L mg/L mg/L 

Freq. of Test MWF MWF MWF MWF TTr 

Raw 

Influent 

24 hr 
X X X X X 

Comp 

Final 

Effluent   

24 hr 
X X X X X 

Comp 
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3. RESULTS AND DISCUSSION 

One of the NSF40 and NSF245 protocols/criteria is that no routine maintenance or 

adjustments or repairs are allowed during the entire 26-week period. Accordingly, during the entire 

duration these tests, no such maintenance/adjustments/repairs were made to the R2R-BG system. 

Another requirement of NSF40 is to calculate and report the pounds of BOD5 loaded and pounds 

of BOD5 removed and for NSF245 to calculate the pounds of TN loaded and the pounds of TN 

removed.  The results are presented in Table 6. 

Table 6. BOD and Nitrogen Loading and Removal Rates 

Flow, gpd Average BOD5 Average BOD5 Average BOD5 
week 1-16 week 17-26 week 1-26 

600 IN OUT IN OUT IN OUT 
Values (mg/L) 123 19 102 19 115 19 
BOD Loading (lb/d) 0.39 0.28 0.35 
BOD Removed (lb/d) 0.33 0.23 0.29 
  
Flow, gpd Average TN Average TN Average TN 

week 1-16 week 17-26 week 1-26 
600 IN OUT IN OUT IN OUT 
Values (mg/L) 43 6 38 9 41 7 
TN Loading (lb/d) 0.21 0.19 0.21 
TN Removed (lb/d) 0.19 0.14 0.17 

 

The NSF40 required a minimum of 96-sampling days, this study had a duration of 124 

sampling days, satisfying the 96-sampling day requirement.   

The NSF40/245 testing protocol calls for two series of tests.  The first is the design loading 

period which has a duration of sixteen (16) weeks.   The second is a series of four (4) stress loading 

tests which has a duration of 7.5 weeks.  The results obtained from the two series of tests will be 

discussed separately in the following sections.  The NSF40 criteria for a Class I effluent and 

NSF245 criteria for TN removal are summarized in Table 7.  
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Table 7. NSF40 Class I Effluent Criteria and NSF245 Criteria 

Parameter Limit 

CBOD5 ≤ 25 mg/L. (Arithmetic mean over 30 days) 

≤ 40 mg/L (Arithmetic mean over 7 consecutive days) 

TSS ≤ 30 mg/L. (Arithmetic mean over 30 days) 

≤ 45 mg/L (Arithmetic mean over 7 consecutive days) 

pH Between 6 and 9 

Odor Non-offensive 

Oily Film Non-visible other than air bubbles 

Foam None 

Color Measure, but no criteria 

Total Nitrogen During the 16-wk Design Loading Period, the average of all effluent 

samples < 50% of average of all influent samples 

 

3.1. Design Loading Period  

The Bioreactor Garden system was brought on-line for continuous operation on January 31, 

2020.  The sixteen-week design loading period was completed between March 1 - June 20, 2021..  

3.1.1. Dissolved Oxygen  

The R2R-BG system is a CW and does not have an aerated tank within which to measure DO. 

NSF40/245 does not have a requirement for DO concentration but does specify that it must be 

measured for Aerobic Treatment Units (ATU).  

3.1.2. Temperature 
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Figure 1 shows temperatures measured during the 16-week design loading test period and the 

7.5-week stress loading test period.  The average temperature was 25◦C.  The temperature changes 

very little in Hawaii, so temperature changes for biological processes are not a large concern as in 

other parts of the United States. The NSF40/245 requires that the wastewater temperature be 

between 10◦C and 30◦C.  These tests met the temperature requirement.  

3.1.3. Influent and Effluent Measurements 

Table 8 shows a summary of the influent and effluent suspended solids, BOD, pH, and 

alkalinity data collected during the 16-week design loading period.  These data are discussed in 

greater detail in the following sections. 

3.1.4. Alkalinity and pH 

Figure 1 shows influent and effluent pH measured during the 16-week design loading test 

period and the 7.5-week stress loading test period.  The pH was measured using an Orion 720A 

meter and pH probe. The pH meter was calibrated using buffer solutions.  pH was very stable, 

averaging 7.6 with a minimum of 7.1 and a maximum of 8.5.  NSF-40 requires that effluent pH 

remains between 6.0 and 9.0 (NSF, 2013).  The R2R-BG met the effluent pH criteria during these 

tests. 

Alkalinity is consumed during nitrification and released during denitrification.  Figure 2 shows 

the concentration of alkalinity in mg/L as CaCO3 in the influent and effluent during the 16-week 

design loading period.  The average influent alkalinity was 254 mg/L during the entire 26-week 

series of tests.  The average effluent alkalinity was 161 mg/L during the entire 26-week series of 

tests.  The NSF40 has a requirement that the influent alkalinity must be at least 175 mg/L as CaCO3, 

or else supplemental alkalinity must be added. The influent alkalinity requirement was met, and 

no adjustments were necessary. There are no requirements for effluent alkalinity in NSF40/245.  
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3.1.5. Total Suspended Solids 

Figures 3 and 4 show influent and effluent TSS concentrations during the 26-week testing 

period.  The average influent and effluent TSS concentration were 148 mg/L and 6 mg/L, 

respectively.  The average influent TSS concentration represents a typical weak-average-strength 

municipal wastewater.  Figure 5 shows the 30-day mean influent concentration values for TSS all 

fall between the minimum limit of 100 mg/L and the maximum limit of 350 mg/L and therefore 

met the NSF40/245 influent criteria. Despite the fluctuations in influent TSS (from 54 and 516 

mg/L), the effluent TSS was stable.  The average removal rate for TSS, during the 16-week design 

loading, was 96%.  The NSF40 criteria for suspended solids are that the arithmetic mean of all 

effluent samples collected in 30 consecutive days shall be less or equal to 30 mg/L, and the 

arithmetic mean of all effluent samples collected in 7 consecutive days is less than or equal to 45 

mg/L (NSF40, 2013).  Figures 6 and 7 show the 30-day and 7-day mean effluent values. The 30-

day mean values ranged from 4.0 to 8.5 mg/L and the 7-day mean values ranged from 3.5 to 12.1 

mg/L The R2R-BG met the NSF40/245 effluent TSS criteria. 

Table 8. Summary data for the sixteen-week design loading period for the Bioreactor Garden 

Parameter Average 
Value 

TOTAL SUSPENDED SOLIDS   

Influent TSS (mg/L) 161 

Effluent TSS (mg/L) 5.3 

TSS Removal (%) 96 
BIOCHEMICAL OXYGEN DEMAND   

Influent BOD5 (mg/L) 123 

Effluent CBOD5 (mg/L) 19.4 
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BOD Removal (%) 82 

pH   
Influent pH 7.4 
Effluent pH 7.6 
ALKALINITY   

Influent Alkalinity (mg/L as CaCO3) 254 

Effluent Alkalinity (mg/L as CaCO3) 243 

 

3.1.6. Biochemical Oxygen Demand 

Figures 3 and 4 show influent and effluent BOD concentrations during the 26-week test period.  

The mean BOD5 for the influent was 115 mg/l and the mean CBOD5 for the effluent was 19 mg/L.  

The influent BOD5 was typical weak to medium-strength municipal wastewater.  Figure 5 shows 

the 30-day mean influent concentration values for BOD5 all fall between the minimum limit of 

100 mg/L and the maximum limit of 300 mg/L and therefore met the NSF40/245 influent criteria.  

Similar to TSS, the effluent CBOD5 remained stable despite fluctuations in the influent BOD5 

(from 60 mg/L to 382 mg/L).  The average BOD5 removal rate for the sixteen-week standard test 

period was 82%. The NSF40 criteria for CBOD5 is that the arithmetic mean of all effluent samples 

collected in 30 consecutive days shall be less or equal to 25 mg/L, and the arithmetic mean of all 

effluent samples collected in 7 consecutive days shall be less than or equal to 40 mg/L (NSF40, 

2013).  Figures 6 and 7 show the 30-day and 7-day mean effluent values. The 30-day mean values 

ranged from 14 to 25 mg/L and the 7-day mean values from 11 to 31 mg/L The R2R-BG met the 

NSF40/245 effluent CBOD5 criteria.   

3.1.7. Color, Odor, Oily Film, Foam 

According to the NSF40 protocol, one sample should be collected once during weeks 1 thru 

16; once during weeks 7 thru 23.5; and once during weeks 23.5 thru 26.  This was done as shown 
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in Table 10.  The samples were diluted 1:1000 with distilled water and examined for color (Method 

2120B), offensive odor (200 mL aliquot of diluted effluent compared to odor-free distilled water 

by a panel of volunteers), and presence of oily film and foam.  Samples from March 5, April 7, 

and May 10 were utilized. All three samples contained no offensive odor, no oily film, and no 

foam.  The color values are shown in Table 10. NSF40/245 does not have minimum/maximum 

criteria for color but does require the measurements.  The R2R-BG met the NSF40/245 criteria for 

odor, oily-film, foam, and color. 

Table 9. Color, odor, oily film and foam measurements for the Bioreactor Garden 

Date Week Color 
(Pt-Co 
units) 

Oily Film Foam Offensive Odor  
(panel of 5 student volunteers) 

03/05/2021 14 13 No No No, No, No, No, No 
04/07/2021 19 8 No No No, No, No, No, No 
05/10/2021 25 0 No No No, No, No, No, No 

3.1.8. Nitrogen species 

Figures 8 and 9 show influent and effluent concentrations of the various nitrogen species 

during the 26-week test period and the 7.5-week stress loading period. Figure 8 shows the daily 

values and Figure 9 shows the 30-day average values. The total influent nitrogen was all contained 

in the TKN and the 30-day values were between 35 and 54 mg-N/L. NSF40/245 requires that the 

influent 30-d mean be between 35 and 70 mg/L. Figure 5 shows that the raw wastewater feed met 

this requirement. The 30-day mean values of effluent total nitrogen ranged from 5 to 12 mg-N/L.  

The 30-day average TN removal rate for entire 26 weeks of testing ranged from 65 to 92%. The 

NSF245 criteria for nitrogen are that the arithmetic mean of all effluent samples collected during 

the 16-week design loading period must be less than 50% of the mean of the influent samples from 

the same period. 
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 During the 16-week design loading period, the average influent total nitrogen was 42.9 

mg/L, and the average effluent total nitrogen was 5.6 mg/L.  Thus, the overall removal efficiency 

average was 87% for the design loading period.  The R2R-BG met the NSF245 nitrogen removal 

criteria.   

3.2. Stress Tests 

Stress loading test No. 1 (wash day) was conducted June 21-25, 2021. Stress loading test No. 

2 (working parent) was conducted July 5-9, 2021.  Stress loading test No. 3 (power/equipment 

failure) was conducted July 19-23, 2021.  Stress loading test No. 4 (vacation) was conducted 

August 2-11, 2021.  During the periods between stress loading tests, the Bioreactor Garden was 

operated under the normal daily flow pattern and the performance (recovery) was monitored. The 

results of each test are briefly discussed below.   

3.2.1. Temperature, Dissolved Oxygen, pH, Alkalinity 

Inspection of Figures 1 and 2 indicate that none of the four stress loading tests affected 

temperature, pH, or alkalinity.  It is not expected that these parameters would be affected 

significantly during short-duration stress tests.   

3.2.2. Total Suspended Solids and Biochemical Oxygen Demand 

Inspection of Figure 3 indicates that influent TSS and BOD5 values were more variable and 

larger during four weeks during the middle – end of the design loading period (4/7/2021 – 

5/25/2021).  Figure 10 shows that effluent CBOD5 concentrations were affected by all the stress 

loading tests however the third and fourth stress loading tests had a greater impact on CBOD5 

values.  For example, after stress loading test one CBOD5 increased from 12 to 23 mg/L, and 

following stress loading test two CBOD5 increased from 12 to 24 mg/L.  In contrast following 
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stress tests loading three CBOD5 increased from 19 to 36 mg/L, and recovered within one day, 

returning to 18 mg/L.  Following stress loading test four CBOD5 increased from 15 to 36 mg/L, 

and recovered within one day, returning to 16 mg/L.  Stress loading tests three and four saw a 

greater increase in CBOD5 (17 and 21 mg/L difference) than the increase in CBOD5 following 

stress loading tests one and two (11 and 12 mg/L difference). 

TSS may have been affected by stress loading test two, as there was an increase in TSS from 

2.0 mg/L to 15.3 mg/L, during the test period. Following stress loading test two (7/12/2021) TSS 

dropped to 5.3 mg/L and remained below a maximum of 8.7 mg/L for the remainder of the stress 

loading period. TSS was not negatively affected by the first, third, or fourth stress loading tests.    

Inspection of Figures 4, 5, 6 and 7 indicates that the CBOD5 effluent values increased during 

the stress loading tests and yet the 30-day and 7-day mean values remained within the NSF40 

criteria. TSS was not affected following the stress loading tests.   In addition, TN removal was 

only marginally affected by the stress loading tests.  Overall, the R2R-BG system performed well 

during the stress loading tests allowing only modest increases in effluent TSS and CBOD5 that 

never approached Class I effluent limitations. 

3.2.3. Nitrogen Removal 

NSF 245 criteria does not consider the data collected during the stress loading tests.  However, 

inspection of Figures 8 and 9 shows that nitrogen removal during the stress loading tests was 

comparable to the performance during the design loading test. There was a drop in removal 

following the third stress test which resulted in an average TN removal of the second to last month 

(July) of 65%.    

3.2.4. Overall Stress Test Results 
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The Bioreactor Garden unit performed well during the series of four stress loading tests.  As 

expected, the some of the stress tests had a noticeable but not serious effect on the treatment 

performance and removal of CBOD5.  These observed effects were short-lived, and the system 

recovered quickly to typical long-term performance within 3-4 days following the return of normal 

flows.   

4. CONCLUSIONS  

The NSF40 and NSF245 protocols were precisely followed to test the performance of a 

Bioreactor Garden unit from March 1, 2021 to August 30, 2021.  The unit was not provided with 

any maintenance, modifications, or repairs throughout these tests.  The R2R-BG unit performed 

very well during the 16-week design loading period and the 7.5-week stress loading period.  The 

NSF40/245 test results allow the following conclusions: 

1. The R2R-BG unit removes suspended solids and BOD5 to acceptable levels without 

producing offensive odors, oily film or foam under steady state conditions (600 

gal/day). 

2. The influent wastewater utilized in these tests met all of the requirements of NSF40/245. 

3. The R2R-BG unit met all of the NSF40 criteria for a Class I effluent during the 16-

week design loading period, the 7.5-week stress loading period, and the final 2.5-week 

design loading period.  The effluent TSS and CBOD5 averaged 19 and 6 mg/L, 

respectively, for the entire 26 weeks. 

4. The R2R-BG unit met the NSF245 criteria for nitrogen removal (50%) during the 16-

week design loading period which applies to this test.  The average removal was 87%. 
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5. During and following the required series of four stress loading tests, the R2R-BG 

performance was impaired but not dramatically.  The Bioreactor Garden recovered 

quickly following the stress loading tests. 

6. The R2R-BG unit met all of the NSF40 criteria for a Class I effluent and the NSF245 

criteria for nitrogen removal during the 7.5-week period when the four required stress 

loading tests were conducted.  
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APPENDIX 1: FIGURES 

 



28 

 

 

Figure 5. Temperature, dissolved oxygen, and pH during 26-week test period 
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Figure 6. Alkalinity during 26-week test period 
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Figure 7. Influent TSS and BOD5 during 26-week test period 

 

 

 



31 

 

Figure 8. Effluent TSS and CBOD5 during 26-week test period 
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Figure 9. 30-day Average Influent BOD5, TSS, TKN and Alkalinity (26-week) 
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Figure 10. 30-day Average Effluent CBOD5 and TSS during 26-week test period 
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Figure 11. 7-day Average Effluent CBOD5 and TSS during 26-week test period 
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Figure 12. Nitrogen removal during 26-week test period 

 

 

 

 

 

 

0

20

40

60

80

100

120

0

10

20

30

40

50

60

70

80

90

100

To
ta

l N
 R

em
o

va
l 

ef
fi

c
ie

n
c

y 
(%

)

N
it

ro
g

e
n

 S
p

e
ci

e
s 

(m
g

/L
)

Date

Influent TKN Effluent TN TN Removal

Stress Loads



36 

 

 

Figure 13. 30-day Average Influent and Effluent Nitrogen Species During 26-week test period 

 

0

10

20

30

40

50

60

70

80

90

100

0

10

20

30

40

50

60

R
em

o
va

l 
E

ff
ic

ie
n

c
y 

(%
)

3
0-

d
a

y 
A

ve
ra

g
e 

(m
g

/L
)

Date

Influent TN Effluent Ammonia Effluent Nitrite+Nitrate

Effluent TN Removal Efficiency

Stress Loads



37 

 

 

Figure 14.  Effluent TSS and CBOD5 during series of four stress loading tests 
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APPENDIX II: TABULATED RESULTS  1 
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Table 10. pH, Alkalinity, DO and Temperature Results 2 

Date: pH Influent pH Effluent 
Influent (mg-

CaCO3/L) 
Effluent (mg-

CaCO3/L) 

03/01/21 7.2 7.6 230 160 
03/02/21 7.6 7.7     
03/03/21 7.3 7.7 220 200 
03/04/21 7.7 7.9     
03/05/21 7.5 7.5 230 180 
03/08/21 7.4 7.8 260 210 
03/09/21 7.4 8.0     
03/10/21 7.4 7.7 230 230 
03/11/21 7.5 7.8     
03/12/21 7.8 7.8 240 230 
03/15/21 6.6 7.6 280 180 
03/16/21 7.6 8.0     
03/17/21 7.7 8.0 320 390 
03/18/21 7.7 7.8     
03/19/21 7.6 7.8 240 330 
03/22/21 7.5 7.3 270 270 
03/23/21 7.6 7.9     
03/24/21 7.4 7.6 230 330 
03/25/21 7.6 7.9     
03/26/21 7.4 8.3 190 330 
03/29/21 7.4 7.6 270 350 
03/30/21 7.4 7.8     
03/31/21 7.5 7.6 240 360 
30 Day Avg: 7.5 7.8 246 268 
04/01/21 7.1 7.7     
04/02/21 7.4 8.0 240 360 
04/05/21 7.4 7.8 250 410 
04/06/21 7.4 7.6     
04/07/21 7.3 8.0 230 390 
04/08/21 7.4 7.9     
04/09/21 7.6 7.6 340 240 
04/12/21 7.6 8.1 200 420 
04/13/21 7.3 7.4     
04/14/21 7.4 7.4 240 410 
04/15/21 7.4 7.4     
04/16/21 7.4 7.7   120 
04/19/21 7.4 7.4 230 180 
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04/20/21 7.4 7.4     
04/21/21 7.3 7.4 250 250 
04/22/21 7.1 7.8     
04/23/21 7.4 7.3 270 470 
04/26/21 7.5 7.6 200 380 
04/27/21 7.6 7.9     
04/28/21 7.3 7.3 320 320 
04/29/21 7.4 7.6     
04/30/21 7.4 7.3 320 390 
30 Day Avg: 7.4 7.6 258 334 
05/03/21 7.5 7.8 240 600 
05/04/21 7.4 7.4     
05/05/21 7.4 7.4 260 430 
05/06/21 7.5 7.4     
05/07/21 7.4 7.3 190 530 
05/10/21 7.4 7.7 220 380 
05/11/21 7.4 7.2     
05/12/21 7.4 7.2 250 540 
05/13/21 7.4 7.2     
05/14/21 7.4 8.2 200 340 
05/17/21 7.5 7.5   380 
05/18/21 7.4 7.4     
05/19/21 7.2 7.5 200 350 
05/20/21 7.5 7.6     
05/21/21 7.4 7.5 510 510 
05/24/21 7.2 7.8 230 280 
05/25/21 7.5 7.6     
05/26/21 7.4 7.8 240 410 
05/27/21 7.6 7.5     
05/28/21 7.5 7.7 290 460 
05/31/21 7.5 7.6 250 470 
30 Day Avg: 7.4 7.5 257 437 
06/01/21 7.8 7.8     
06/02/21 7.4 7.5 270 560 
06/03/21 7.5 7.4     
06/04/21 7.4 7.5 280 440 
06/07/21 7.4 7.8 220 380 
06/08/21 7.7 7.7     
06/09/21 7.4 7.7 290 500 
06/10/21 7.5 7.7     
06/11/21 7.5 7.5 250 350 
06/14/21 7.4 7.7 230 510 
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06/15/21 7.4 7.6     
06/16/21 7.4 7.6 280 450 
06/17/21 7.4 7.7     
06/18/21 7.6 7.6 250 480 
06/21/21 7.4 7.4 220 220 
06/22/21 7.4 7.6     
06/23/21 7.4 7.6 250 480 
06/24/21 7.7 8.0     
06/25/21 7.2 7.5 300 590 
06/28/21 7.3 7.7 290 370 
06/29/21 7.4 7.5     
06/30/21 7.3 7.8 260 380 
30 Day Avg: 7.5 7.6 261 439 
07/01/21 7.4 7.5     
07/02/21 7.3 7.4 240 360 
07/05/21 7.2 7.3 250 380 
07/06/21 7.4 7.4     
07/07/21 7.2 - 210 - 
07/08/21 7.4 7.5     
07/09/21 7.4 7.4 220 380 
07/12/21 7.3 7.8 220 340 
07/13/21 7.5 7.7     
07/14/21 7.3 7.6 230 380 
07/15/21 7.5 7.5     
07/16/21 7.2 7.5 190 230 
07/19/21 7.3 7.8 440 440 
07/20/21 7.5 7.6     
07/21/21 - - - - 
07/22/21 7.4 7.4     
07/23/21 7.4 7.6 310 510 
07/26/21 7.3 8.3 240 430 
07/27/21 7.5 7.7     
07/28/21 7.4 7.3 270 420 
07/29/21 7.4 7.7     
07/30/21 7.2 -   - 
30 Day Avg: 7.4 7.6 256 387 
08/02/21 7.3 7.7 240 550 
08/03/21 7.2 7.8     
08/04/21 - - - - 
08/05/21 - - - - 
08/06/21 - - - - 
08/09/21 - - - - 
08/10/21 - - - - 
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08/11/21 - - - - 
08/12/21 7.4 8.2     
08/13/21 7.3 7.9 240 790 
08/16/21 7.3 8.5 270 540 
08/17/21 7.4 7.2     
08/18/21 7.4 7.1 270 540 
08/19/21 7.6 8.0     
08/20/21 7.5 8.5 210 520 
08/23/21 7.4 - 220 - 
08/24/21 7.6 7.4     
08/25/21 7.5 7.6 240 530 
08/26/21 7.5 7.4     
08/27/21 7.5 7.8 240 510 
08/30/21 7.4 7.8 240 500 
30 Day Avg: 7.4 7.8 241 560 

MIN: 6.6 7.1 190 120 
MAX: 7.8 8.5 510 790 

AVERAGE: 7.4 7.6 254 392 

Table 11. TSS and BOD Results    
 

Date: 
BOD5 
mg/L 

Influent 

CBOD5 
mg/L 

Effluent  

% 
Removal 

TSS 
mg/L 

Influent  

TSS 
mg/L 

Effluent  

% 
Removal 

03/01/21 121 8.2 93 194 3.7 98 
03/02/21 133 17.3 87 202 5.7 97 
03/03/21 98 18.5 81 122 1.3 99 
03/04/21 190 18.4 90 274 3.3 99 
03/05/21 123 9.4 92 208 6.3 97 
03/08/21 96 10.9 89 116 5.3 95 
03/09/21 125 17.9 86 164 3.7 98 
03/10/21 60 6.0 90 74 9.0 88 
03/11/21 104 21.4 79 130 1.0 99 
03/12/21 60 14.3 76 118 3.0 97 
03/15/21 77 8.1 89 60 15.3 74 
03/16/21 66 6.0 91 104 10.7 90 
03/17/21 81 32.0 61 118 3.7 97 
03/18/21 120 23.2 81 110 3.3 97 
03/19/21 131 16.9 87 146 4.0 97 
03/22/21 113 10.9 90 134 4.7 97 
03/23/21 98 22.0 77 122 4.7 96 
03/24/21 91 10.6 88 158 3.3 98 
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03/25/21 83 11.6 86 86 3.7 96 
03/26/21 142 6.7 95 210 2.3 99 
03/29/21 141 11.7 92 200 9.3 95 
03/30/21 99 22.8 77 122 3.3 97 
03/31/21 113 7.3 94 210 40.0 81 
30 Day Avg: 107 14.4 87 147 7 96 
04/01/21 99 17.1 83 152 1.7 99 
04/02/21 61 15.7 74 54 6.3 88 
04/05/21 136 15.5 89 194 1.0 99 
04/06/21 147 17.3 88 186 6.0 97 
04/07/21 382 26.2 93 516 2.0 100 
04/08/21 176 15.0 91 218 2.7 99 
04/09/21 162 10.6 93 232 6.0 97 
04/12/21 171 11.4 93 180 11.7 94 
04/13/21 111 39.2 65 128 7.3 94 
04/14/21 96 22.1 77 186 8.3 96 
04/15/21 204 23.8 88 294 6.0 98 
04/16/21 63 5.7 91 130 6.7 95 
04/19/21 352 6.0 98 464 5.3 99 
04/20/21 193 28.7 85 222 2.0 99 
04/21/21 76 29.0 62 212 7.3 97 
04/22/21 145 12.0 92 310 9.3 97 
04/23/21 104 23.8 77 204 3.3 98 
04/26/21 101 15.2 85 140 10.3 93 
04/27/21 130 21.5 84 172 3.0 98 
04/28/21 84 17.8 79 74 4.0 95 
04/29/21 153 15.2 90 276 1.3 100 
04/30/21 60 24.4 59 68 5.7 92 
30 Day Avg: 146 18.8 87 210 5 97 
05/03/21 105 24.4 77 320 4.0 99 
05/04/21 130 45.7 65 118 7.7 94 
05/05/21 61 12.0 80 62 4.3 93 
05/06/21 196 29.8 85 180 2.0 99 
05/07/21 251 30.1 88 154 4.0 97 
05/10/21 142 6.0 96 148 5.7 96 
05/11/21 114 22.6 80 150 2.7 98 
05/12/21 69 36.2 47 70 4.3 94 
05/13/21 118 27.7 76 104 1.7 98 
05/14/21 102 6.0 94 82 6.3 92 
05/17/21 107 36.8 65 234 4.0 98 



 

44 

 

05/18/21 134 30.4 77 138 2.3 98 
05/19/21 88 26.5 70 74 6.0 92 
05/20/21 101 24.4 76 114 1.3 99 
05/21/21 62 12.0 80 74 7.7 90 
05/24/21 134 12.0 91 196 0.3 100 
05/25/21 199 42.4 79 316 3.0 99 
05/26/21 98 12.0 88 136 2.0 99 
05/27/21 101 33.9 66 100 7.7 92 
05/28/21 67 27.4 59 86 8.3 90 
05/31/21 120 26.6 78 172 8.7 95 
30 Day Avg: 119 25.0 79 144 4 97 
06/01/21 180 6.0 97 185 8.0 96 
06/02/21 211 38.2 82 168 5.3 97 
06/03/21 113 36.2 68 84 6.7 92 
06/04/21 90 48.7 46 80 4.0 95 
06/07/21 111 24.5 78 96 1.0 99 
06/08/21 115 12.0 90 130 4.7 96 
06/09/21 154 6.0 96 126 2.0 98 
06/10/21 78 6.0 92 90 6.0 93 
06/11/21 102 12.0 88 292 4.3 99 
06/14/21 80 34.1 57 82 1.3 98 
06/15/21 72 23.6 67 100 2.3 98 
06/16/21 102 12.0 88 108 8.0 93 
06/17/21 132 12.0 91 190 4.0 98 
06/18/21 110 12.0 89 136 6.3 95 
06/21/21 124 12.0 90 170 5.0 97 
06/22/21 99 12.2 88 152 1.7 99 
06/23/21 116 13.3 88 86 0.7 99 
06/24/21 95 12.0 87 92 7.0 92 
06/25/21 77 12.0 84 94 8.0 91 
06/28/21 104 12.0 88 182 0.7 100 
06/29/21 110 12.0 89 114 1.0 99 
06/30/21 131 6.0 95 82 0.7 99 
30 Day Avg: 114 17.0 85 129 4 97 
07/01/21 86 12.0 86 86 8.7 90 
07/02/21 90 12.0 87 158 8.0 95 
07/05/21 107 22.5 79 146 4.7 97 
07/06/21 86 6.0 93 141 -   
07/07/21 146 - - 201 -   
07/08/21 78 22.2 72 84 0.3 100 
07/09/21 84 12.0 86 158 0.7 100 
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07/12/21 106 20.6 81 98 4.0 96 
07/13/21 112 23.4 79 114 2.0 98 
07/14/21 99 24.1 76 76 4.3 94 
07/15/21 92 19.0 79 133 10.0 92 
07/16/21 90 24.4 73 188 9.7 95 
07/19/21 109 28.0 74 108 4.3 96 
07/20/21 89 30.6 66 70 5.7 92 
07/21/21 - - - - -   
07/22/21 105 35.7 66 195 6.3 97 
07/23/21 118 17.7 85 150 3.3 98 
07/26/21 139 14.5 90 78 2.7 97 
07/27/21 100 30.1 70 74 4.7 94 
07/28/21 76 36.4 52 171 10.7 94 
07/29/21 77 15.8 79 62 6.0 90 
07/30/21 101 - - 98 -   
30 Day Avg: 100 21.4 79 123 5 96 
08/02/21 122 24.8 80 116 6.0 95 
08/03/21 122 23.8 80 132 2.7 98 
08/04/21 - - - - - - 
08/05/21 - - - - - - 
08/06/21 - - - - - - 
08/09/21 - - - - - - 
08/10/21 - - - - - - 
08/11/21 - - - - - - 
08/12/21 70 - - 169 19.0 89 
08/13/21 102 - - 90 16.7 81 
08/16/21 145 13.3 91 166 9.7 94 
08/17/21 89 32.9 63 82 4.0 95 
08/18/21 100 18.2 82 136 1.0 99 
08/19/21 68 6.0 91 156 13.7 91 
08/20/21 77 6.0 92 108 7.7 93 
08/23/21 78 - - 74 -   
08/24/21 101 17.6 83 78 1.0 99 
08/25/21 118 27.4 77 156 7.7 95 
08/26/21 71 18.3 74 84 5.0 94 
08/27/21 121 - - 126 15.3 88 
08/30/21 142 - - 204 10.0 95 
30 Day Avg: 102 19 81 125 9 93 
AVERAGE: 115 19 82 148 6 96 

MIN: 60   54   
MAX: 382   516   

 3 
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Table 12. Nitrogen 30-day values 4 

Date: 
TKN (mg/L) 

Influent 
TN (mg/L) 

Effluent 
% Removal 

03/01/21 51.5 8.7 83 
03/03/21 36.5 8.2 77 
03/05/21 49.6 6.8 86 
03/08/21 35.7 5.6 84 
03/10/21 22.8 5.0 78 
03/12/21 14.0 4.0 71 
03/15/21 25.8 2.8 89 
03/17/21 31.1 4.8 85 
03/19/21 36.8 4.5 88 
03/22/21 39.8 3.3 92 
03/24/21 40.7 3.6 91 
03/26/21 48.1 2.6 95 
03/29/21 49.2 4.2 91 
03/31/21 48.5 4.9 90 
30 Day Avg: 38 5 87 
04/02/21 27.5 5.1 82 
04/05/21 51.7 7.0 87 
04/07/21 98.2 7.7 92 
04/09/20 64.5 7.3 89 
04/12/21 47.6 5.5 88 
04/14/21 46.8 4.0 91 
04/16/21 57.1 2.5 96 
04/19/21 90.9 1.5 98 
04/21/21 51.7 3.4 93 
04/23/21 50.0 2.9 94 
04/26/21 42.1 2.9 93 
04/28/21 26.9 4.4 84 
04/30/21 46.8 5.4 89 
30 Day Avg: 54 5 92 
05/03/21 66.4 3.4 95 
05/05/21 28.8 2.9 90 
05/07/21 39.0 2.9 93 
05/10/21 42.7 2.4 94 
05/12/21 31.5 5.8 82 
05/14/21 33.3 4.5 86 
05/17/21 57.1 6.9 88 
05/19/21 29.6 7.3 75 
05/21/21 30.0 7.7 74 
05/24/21 49.3 7.8 84 
05/26/21 39.7 10.4 74 
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05/28/21 28.1 10.4 - 
05/31/21 41.6 10.4 75 
30 Day Avg: 40 6 84 
06/02/21 49.7 11.7 76 
06/04/21 32.7 9.9 70 
06/07/21 35.7 6.7 81 
06/09/21 40.5 7.0 83 
06/11/21 29.0 6.3 - 
06/14/21 33.7 5.7 83 
06/16/21 40.6 5.6 86 
06/18/21 47.7 4.9 90 
06/21/21 54.6 4.8 91 
06/23/21 35.8 5.8 84 
06/25/21 35.8 4.9 86 
06/28/21 30.0 4.0 - 
06/30/21 34.8 3.5 90 
30 Day Avg: 39 6 84 
07/02/21 29.6 3.9 87 
07/05/21 34.3 6.3 82 
07/07/21 31.7 - - 
07/09/21 - 5.7 - 
07/12/21 41.6 12.5 70 
07/14/21 34.0 14.1 59 
07/16/21 - 15.3 - 
07/19/21 41.9 16.5 61 
07/23/21 32.5 19.9 39 
07/26/21 35.6 13.7 62 
07/28/21 - 15.3 - 
07/30/21 37.9 - - 
30 Day Avg: 35 12 65 
08/02/21 41.3 12.8 64 
08/13/21 35.1 8.1 84 
08/16/21 51.4 4.4 90 
08/18/21 42.9 4.4 88 
08/20/21 37.3 10.6 65 
08/23/21 30.4 - - 
08/25/21 20.6 9.2 - 
08/27/21 41.7 7.9 87 
08/30/21 59.1 7.9 80 
30 Day Avg: 40 8 80 
Overall Avg: 41 7 83 

MIN: 14     
MAX: 98   

 5 
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Table 13. 30 day mean values 6 

Analyte 1 2 3 4 5 6 

TSS Influent 147 210 144 129 123 125 
TSS Effluent  6.6 5.3 4.5 4.0 5.3 8.5 
BOD5 Influent  107 146 119 114 100 102 
CBOD5 
Effluent  14 19 25 17 21 19 
Alkalinity 
Influent  246 258 257 261 256 241 
Alkalinity 
Effluent  268 334 437 439 387 560 
pH Influent  7 7 257 7 7 241 
pH Effluent 8 8 8 8 8 8 
TN Removal %  87 92 84 84 65 80 
BOD Removal 
% 87 87 79 85 79 81 
TSS Removal % 96 97 97 97 96 93 

Table 14. 7-day Effluent TSS and CBOD mean values 7 

Week  
 CBOD5 

mg/L 
TSS 

mg/L 
1 14.3 4.1 
2 14.1 4.4 
3 17.2 7.4 
4 12.4 3.7 
5 14.9 12.1 
6 16.9 3.5 
7 20.5 8.0 
8 19.9 5.5 
9 18.8 4.9 

10 28.4 4.4 
11 19.7 4.1 
12 26.0 4.3 
13 25.5 4.3 
14 31.2 6.5 
15 12.1 3.6 
16 18.7 4.4 
17 12.3 4.5 
18 10.8 3.8 
19 15.7 1.9 
20 22.3 6.0 
21 28.0 4.9 
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22 24.2 6.0 
23 24.3 4.3 
24 - 17.8 
25 15.3 7.2 
26 21.1 7.3 

Min: 10.8 1.9 
Max:  31.2 17.8 

 8 

 9 


