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1.0  Background 
AMT BioProducts is conducting a “first in the Commonwealth” implementation of a non-traditional biological 
approach for restoring nutrient impaired water quality in ponds and lakes.  The pond selected for testing 
was Buttonwood Pond, within the City of New Bedford. During the summer of 2018, the Coastal Systems 
Program (CSP), School for Marine Science and Technology University of Massachusetts Dartmouth was 
approached by the Director of AMT BioProducts, Jeff Young, about monitoring its pilot project in 
Buttonwood Pond, to assess the effectiveness of its novel approach toward improving water quality.  CSP 
UMass Dartmouth, as a service focused institution, agreed to provide an independent/unbiased scientific 
data collection and analysis effort to support the evaluation of AMT’s restoration approach for use by the 
City of New Bedford and MEPA decision makers.  This effort by CSP is part of its 20+ year technical 
assistance to freshwater and estuarine restoration efforts throughout the region. 
 
CSP scientists conducted water quality sampling from August – October 2018 to assess baseline 
conditions and to determine changes in water quality conditions in Buttonwood Pond that may have 
occurred since the completion of the Diagnostic/Feasibility Study for the Management of Buttonwood 
Pond, New Bedford, Massachusetts (1988)1.  The 2018 monitoring (Appendix A) was consistent with the 
previous work and supported the contention that Buttonwood Pond is degraded from excessive nutrient 
loading (primarily phosphorus) from human activities, localized watershed nutrient and stormwater 
inputs.  Due to the severely impaired conditions of Buttonwood Pond, the New Bedford Conservation 
Commission granted AMT BioProducts permission to test their non-traditional approach in Buttonwood Pond 
in July 2019 as a possible long-term solution.  This non-traditional approach employs multiple applications 
of a bacterial additive called Microbe Lift®, which has shown promise in some applications in other 
regions, for reducing nutrient and phytoplankton levels, increasing water clarity, and reducing organic 
accumulations in pond sediments.   
 
Monitoring in 2019 included a pre-application sampling beginning in June and post-treatment with 
Microbe Lift®, which began on July 24, 2019.  The treatments were performed weekly for 5 weeks, with 
four additional applications between September and November, for a total of nine treatments by with 
Microbe Lift® by AMT BioProducts staff (Table 1). 
 
This Technical Memorandum summarizes the 2019 water quality dynamics throughout Buttonwood Pond 
associated with Microbe Lift® treatments.  Samples were collected at least weekly during the first five 
treatments and then biweekly for the following four treatments.  Stream volumetric discharge was 
measured approximately weekly using a Marsh McBirney electromagnetic flow meter and measured 
channel cross-section.  Water quality samples were collected in conjunction with volumetric discharge 
measurements.  Water quality samples were analyzed for temperature, specific conductivity, total 
nitrogen (nitrate + nitrite, ammonium, dissolved organic nitrogen, and particulate organic nitrogen), 
phytoplankton biomass (as chlorophyll-a, pheophytin-a), ortho-phosphate, total phosphorus, dissolved 
oxygen, water clarity (Secchi depth), pH and alkalinity.  Thickness of accumulated soft sediments was 
measured at three stations in Buttonwood Pond to examine changes in the amount of accumulated organic 
sediment with treatment.  Additionally, ~25 sediment thickness measurements were collected throughout 
the pond on June 20, 2019 (prior to Microbe Lift® application #1) and repeated on September 20, 2019 
(after Microbe Lift® application #6).  Data collection followed the protocols used in the Massachusetts 
Estuaries Project (MEP) for stream analysis, water quality monitoring and chemical analysis.   
 

 
1  Baystate Environmental Consultants (BEC). 
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Description of Findings from Buttonwood Pond Water Quality Monitoring in 2019: 
 
The 2019 water quality monitoring was initiated on June 13, 2019 and ended on November 12, 2019   
with water quality samples and field data collected at two stations in Buttonwood Pond (Figure 1).  In 
total, the pond was sampled 21 times during this period.  Baseline water quality sampling was conducted 
five times prior to the use of Microbe Lift® and continued throughout the duration of the Microbe Lift® 
treatments to track any noticeable water quality changes with the continued application of Microbe Lift® 
(Table 1).  Additional data on Secchi depth and sediment thickness were collected at BTW1 to assess 
water clarity and changes in accumulated organic sediments.   
 
Table 1.  Water quality sampling and Microbe Lift® treatment dates. 

 
 
 

Date Activity
6/13/2019 CSP-SMAST Water Quality Sampling
6/20/2019 CSP-SMAST Water Quality Sampling
6/27/2019 CSP-SMAST Water Quality Sampling
7/3/2019 CSP-SMAST Water Quality Sampling

PRE- Microbe Lift Application CSP-SMAST Water Quality Sampling
220 Gallons M/L PBL (‘Professional Blend”) and 55 gallons of M/L Sludge Away.
POST- Microbe Lift Application CSP-SMAST Water Quality Sampling

7/30/2019 220 Gallons M/L PBL (‘Professional Blend”) and 55 gallons of M/L Sludge Away.
7/31/2019 CSP-SMAST Water Quality Sampling
8/5/2019 CSP-SMAST Water Quality Sampling
8/7/2019 CSP-SMAST Water Quality Sampling
8/8/2019 120 Gallons M/L PBL (‘Professional Blend”) and 80 gallons of M/L Sludge Away.
8/12/2019 CSP-SMAST Water Quality Sampling
8/13/2019 120 Gallons M/L PBL (‘Professional Blend”) and 80 gallons of M/L Sludge Away.
8/14/2019 CSP-SMAST Water Quality Sampling
8/19/2019 120 Gallons M/L PBL (‘Professional Blend”) and 80 gallons of M/L Sludge Away.
8/22/2019 CSP-SMAST Water Quality Sampling
8/30/2019 CSP-SMAST Water Quality Sampling
9/6/2019 120 Gallons M/L PBL (‘Professional Blend”) and 80 gallons of M/L Sludge Away.
9/13/2019 CSP-SMAST Water Quality Sampling
9/20/2019 CSP-SMAST Water Quality Sampling

PRE- Microbe Lift Application CSP-SMAST Water Quality Sampling
120 Gallons M/L PBL (‘Professional Blend”) and 80 gallons of M/L Sludge Away.
POST- Microbe Lift Application CSP-SMAST Water Quality Sampling

10/16/2019 CSP-SMAST Water Quality Sampling
10/17/2019 120 Gallons M/L PBL (‘Professional Blend”) and 80 gallons of M/L Sludge Away.
10/24/2019 CSP-SMAST Water Quality Sampling
10/30/2019 CSP-SMAST Water Quality Sampling
11/7/2019 105 Gallons M/L PBL (‘Professional Blend”) and 70 gallons of M/L Sludge Away. 
11/12/2019 CSP-SMAST Water Quality Sampling

7/24/2019

10/2/2019
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Figure 1.  Station map of Buttonwood Pond. BTW1, 3, and 4 were only sampled in June.  Water quality 
results indicated the pond was well mixed and water quality samples could be reduced to BTW2 and 
BTW5.  
 
Temperature Stratification and Dissolved Oxygen Conditions 
Watercolumn vertical profiles of temperature and dissolved oxygen data indicate periodic stratification 
within Buttonwood Pond during July and August.  The stratification is minimal with only 1-3 oC 
difference between the bottom water and surface water (Figure 2).  However, even a small amount of 
stratification indicates reduced vertical mixing and input of atmospheric oxygen and results in lower 
dissolved oxygen in the bottom water.  Oxygen quickly becomes depleted by oxygen uptake by 
respiration throughout the watercolumn and within the sediments with dissolved oxygen periodically 
reduced to levels below 5 mg/L in July and August (Figure 3).  As air temperatures cool in September, the 
water column is again vertically well mixed with no temperature difference between surface water and 
bottom water and no significant oxygen gradient within the water column.  
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Figure 2.  Temperature (Celsius) profiles for stations BTW2 and BTW5.    
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Figure 3.  Dissolved oxygen profiles for stations BTW2 and BTW5.  Note: BTW5 on 11/12/2019 is well 
mixed and other depths are hidden behind the grey dot.  
 
 
Biological Oxygen Demand in Buttonwood Pond Prior-to and During Microbe Lift® Applications 
Biological oxygen demand (BOD) is the oxygen that is consumed by bacteria as they break down organic 
matter within the watercolumn.  To assess changes in BOD in pond waters, Six Winkler bottles (300mL) 
were filled with pond water at 0.5 m depth at BTW2 to assess the biological oxygen demand (BOD) 
before and during Microbe Lift® treatments.    Half of the bottles were immediately killed and fixed for 
initial dissolved oxygen determination.  The remaining bottles were incubated at 20˚C for typically one – 
two days and then processed to determine the final dissolved oxygen level for calculating the rate of 
oxygen uptake.  The difference from initial to final is the BOD of Buttonwood Pond waters was then 
corrected for incubation time to determine the mg O2/L/day consumed.  While there was a large range of 
BOD from sampling event to event, there was no consistent change in BOD that could be attributed to the 
treatments.  On July 24 and Oct 2nd BOD was determined on water collected immediately before and 
after a Microbe Lift® treatment.  July 24th showed a very large reduction in BOD from 1.54 mg/L/day to 
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0.17 mg/L/day after the Microbe Lift® treatment.  However, there was a slight increase in BOD from 1.58 
to 1.88 mg/L during the October 2nd pre and post application data collection (Figure 4).   
 

 
 
Figure 4.  The biological oxygen demand of Buttonwood Pond before and during Microbe Lift® 

applications.  Gold stars represent the dates of Microbe Lift® application.  
 
Nutrient Levels in Buttonwood Pond Prior-to and During Microbe Lift® Applications 
Prior assessment of the nutrient related health of Buttonwood Pond by the Baystate Environmental 
Consultants in 1988 indicated that the Pond was eutrophic, impaired by significant nutrient loading from 
the watershed that mainly entered via stormwater runoff.  Over 95% of stormwater flows that enter 
Buttonwood Pond are first discharged into Buttonwood Brook before flowing into Buttonwood Pond 
(BEC, 1988).  Water quality data collected over five sampling dates from June 13 to July 24, 2019, 
confirmed that Buttonwood Pond is hypereutrophic, with high total phosphorus, total nitrogen, and 
chlorophyll-a levels averaging 0.22 mg L-1, 1.28 mg L-1, and 32 ug L-1, respectively.  These levels are 
many times higher than the standards defined in The Cape Cod Ponds Atlas for fresh ponds in this region 
which found target concentrations to maintain high quality habitat of 0.01 mg L-1, 0.31 mg L-1, and 1.7 ug 
L-1 for TP, TN, and chlorophyll-a, respectively, as an indication of a eutrophic/hypereutrophic pond in 
need of nutrient management. 
 
Microbe Lift®, additions began on July 24 and were performed weekly for the first five weeks then 
monthly to bimonthly until November 6.  This application schedule did not conform with the typical 
Microbe Lift® approach.  Under optimal conditions Microbe Lift® is applied beginning in May with 
weekly treatments for five weeks followed by monthly applications until water temperatures drop below 
7.2˚F (45˚F).  However, due to logistical issues in early season, the first application was delayed, which 
associates at Ecological Laboratories thought would not result in a significant loss of effectiveness. The 
CSP-SMAST team was responsible for the water quality sampling and analysis to quantify any effects of 
Microbe Lift® on Buttonwood Pond water quality.  
 
During the first month of Microbe Lift® applications (July 24 – Aug 24), water quality in Buttonwood 
Pond (stations BTW2 and BTW5) did not significantly improve.  Only ortho-phosphate showed a 
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significant reduction from preliminary water quality monitoring from June 13 to July 24, 2019.  The 
average concentration of PO4

 during preliminary WQ monitoring was0.07 mg L-1, which decreased to 
0.03 mg L-1 during the 1st month of Microbe Lift® treatment (Table 2).  Whereas, particulate organic 
carbon and nitrogen (POCN), total suspended solids (TSS), and chlorophyll-a increased significantly.  As 
expected with this increase in particulates and chlorophyll-a, the water clarity of the pond was also 
significantly reduced from 0.54m to 0.43m.  Overall, Buttonwood Pond was still hypereutrophic during 
the first month of treatment.  However, the pattern is the typical pattern observed in fresh ponds in s.e. 
Massachusetts, so there is no clear evidence that the increase was associated with the treatment.   
 
During the second month of applications (Aug 24 – Sept. 24), 30 to 60 days after the initial treatment, 
water quality in Buttonwood Pond (stations BTW2 and BTW5) was improving over the August 
conditions, but did not show improvement over the preliminary sampling (Jun 13 – Jul 24).  Again, ortho-
phosphate was significantly lower than in preliminary water quality monitoring of 0.07 mg L-1 to 0.01 mg 
L -1, during the 2nd month of Microbe Lift® treatment (Table 2).  Total phosphorus was also reduced from 
0.23 mg L-1 to 0.14 mg L-1 (Table 2).  Whereas, POC, TSS, and chlorophyll-a were all significantly 
higher than the preliminary conditions.  Poor water clarity persisted with the high levels of particulates 
and chlorophyll in the water column.  
 
 
Table 2.  Average water quality results in Buttonwood Pond for pre-Microbe Lift® applications and 
during the 1st, 2nd, 3rd, and 4th month of Microbe Lift® applications to Buttonwood Pond. 

 
 
 
During the third month of applications (Sept. 24 – Oct. 24), 60- 90 days after the initial treatment, water 
quality in Buttonwood Pond (BTW2 and BTW5) showed improvement over the early September 
conditions, with nutrient levels becoming similar to the preliminary conditions observed June 13 – July 
24, 2019.  Ortho-phosphate remained low at 0.004 mg L-1 (Table 2).  Total phosphorus was also lower at 
0.12 mg L-1 (Table 2).  Total nitrogen, POCN, TSS, and chlorophyll-a concentrations were all similar to 
the preliminary conditions observed June 13 – July 24, 2019.  Water temperature of the pond was also 
significantly lower during this time frame with a watercolumn average 18˚C, compared to 22 ˚C in the 
preliminary sampling.  Cooler water temperatures reduce biological activity in the water and sediments, 
therefore water quality conditions begin to improve in many regional waterbodies in Fall.  
 
During the fourth month of applications (October 24 – November 24), 90-120 days after the initial 
treatment, water quality in Buttonwood Pond (stations BTW2 and BTW5) was not significantly different 
from the preliminary conditions (i.e. they are the same as the preliminary conditions), except for ortho-
phosphate and total phosphorus being significantly lower than WQ conditions observed June 13 – July 
24, 2019 (Table 2).  Water temperature of the pond was also significantly less during the Oct. 24 – Nov 
12 time frame with an average 12˚C. 
 
 
Total Suspended Solids and Water Clarity in Buttonwood Pond Prior-to and During Microbe Lift® 
Applications 
Total suspended solids (TSS) are any particles or microorganisms that are larger than 0.45µm.  Higher 
TSS concentrations in water result in lower water clarity.  Water clarity is also influenced by 

# of PO4 TP NH4 NOX DON POC PON TSS TN Chla Phaeo T. Pigmnts
dates (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (ug/L) (ug/L) (ug/L)

Pre-Application June 13 - July 24 (pre) 5 0.069 0.23 0.013 0.020 0.56 5.63 0.73 11.1 1.33 32.2 18.3 50
1st month APPL. July 24 (post) - Aug 24 7 0.029 0.24 0.019 0.014 0.60 10.84 1.20 28.4 1.92 115.6 26.2 142
2nd month APPL. Aug 25 - Sept 24 3 0.012 0.14 0.008 0.003 0.48 9.03 0.77 24.8 1.26 64.8 16.1 81
3rd month APPL. Sept 25 - Oct 24 4 0.004 0.12 0.004 0.005 0.45 6.89 0.67 18.7 1.13 39.8 11.8 52
4th month APPL. Oct 24 - Nov 12 2 0.015 0.09 0.020 0.062 0.48 3.00 0.41 6.8 0.97 33.0 9.9 43
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phytoplankton biomass, such that waters with high TSS and high chlorophyll typically have very poor 
clarity (dissolved organic compound when present also contribute).  Buttonwood Pond experienced total 
chlorohpyll-a (algal) pigments in the pond were consistently high (50-150 ug/L), many times over the 
10ug/L threshold for healthy pond.  As a result, the pond also experienced very poor water clarity 
throughout the sampling period at both stations BTW2 and BTW5, with the highest TSS concentrations 
and lowest water clarity in August (1-month post-treatment) than in June/July (pre-Microbe Lift®), with 
water clarity improving through September and October.  However, this is generally the case for most 
ponds in the region as temperatures become cooler.    
 
The pond aerator does a good job of maintaining oxygen levels in Buttonwood Pond (Figure 3) during 
large chlorophyll-a blooms.  Maintaining the aeration system throughout the summer is essential for 
maintaining dissolved oxygen levels in Buttonwood Pond.  
 
On July 24 and Oct 2nd water samples were collected immediately before and after a Microbe Lift® 
treatment.  July 24th showed an increase in TSS from 9.6 to 10.7 mg/L and water clarity improved from 
0.59m to 0.65m.  Whereas on October 2nd TSS had doubled from July showing a minor drop pre to post 
application, 22.5 mg L-1 to 23.6 mg/L, with a parallel minor decline in water clarity of 0.50m to 0.47m 
(Figure 5).  The changes in TSS concentration did not show a statistically significant treatment effect.  
Similarly, the change in water clarity is so small that it is also difficult to attribute to treatment effects as 
opposed to natural variation such as sunny vs cloudy conditions, which were noted in the case of the July 
24th pre and post samplings.  
 
Additionally, it is difficult to see a consistent pattern of water clarity increases following each Microbe 
Lift® treatment with the levels of total chlorophyll pigments and total suspended solids persisting and 
negatively affecting water transparency. This is consistent with other systems in the region.  
 
 

 

 
Figure 5.  Total suspended solids (TSS) and water clarity at station BTW2 and BTW5.  Gold stars 
represent the dates of Microbe Lift® application.  
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Nutrient Load from Stream Flow Into and Out of Buttonwood Pond Prior-to and During Microbe Lift® 
Applications  
Stream volumetric flow (discharge rate) was determined from cross-sectional flow velocities measured at 
the inflowing and outflowing stream of Buttonwood Pond.  Stream flow and nutrient concentration are 
integrated to determine the nutrient (phosphorus and nitrogen) load entering and exiting Buttonwood 
Pond.  Nutrient loading from impaired systems is relevant to nutrient loading to down-gradient systems, 
such as estuaries.  The outflowing water from Buttonwood Pond is a contributor to the nitrogen enriched 
and impaired Apponagansett Estuary.  Restoration of Buttonwood Pond would have benefits to the 
aquatic life and condition of the pond, but also potentially have ecosystem benefits to Apponagansett 
Estuary by reducing its incoming nitrogen load.  
 
A stage recorder was deployed in both the inflowing and outflow stream to continuously record the water 
level (stage, related to flow volume) of each stream.  The deployment of the stage recorders revealed that 
Buttonwood Pond has very low stream flow entering and exiting the pond in dry weather.  In contrast 
when it rains, stormwater significantly increases the stream flows.  Significant rain events (>0.2”) are 
shown to increase the stage and flow in the stream (Figure 6).  Larger rain events quickly increase stage 
and flow through Buttonwood Brook and Pond.  At the inflow to Buttonwood Pond, stormwater discharge 
into Buttonwood Brook results in a rapid (within 30 minutes) increase of stage in Buttonwood Pond 
(Figure 7, Left).  Similarly, the outflow from Buttonwood is affected by stormwater discharge, but flow 
does not peak until hours after the storm has started (Figure 7, Right Panel).   
 
A minimum of 28 stream flow measurements were made over 145 days.  Measurements were conducted 
during wet periods (during or following a rain event), dry periods (following at least 3 days with no rain), 
and during one storm event (several measurements during active rain fall).  Typically, this intensive 
sampling would have provided an excellent rating curve to relate stage to volumetric flow rate.  However, 
this is not the case for Buttonwood Brook flowing into and out of Buttonwood Pond.  Several factors 
affect the ability to develop good rating curves for these stream sites.  For the inflowing stream the issues 
are: 1) water level of the pond affects water level at the gauge site, 2) during storm events water level 
peak rapidly (within 30 minutes) and declines within hours to near “dry period” flow conditions, 3) 
storage of water in the pond after a storm (no longer raining) will cause high stage measurements but with 
low flows.  For the outflowing stream the issues are: 1) water level of the ponding area between 
Buttonwood Pond and the zoo affects stage measurement, 2) storm water runoff from the road eventually 
flows into ponding area (between pond and zoo), which temporarily stores water from storms causing 
exaggerated water levels at the gauge site, 3) it was difficult to capture the  high flow measurements (high 
stage) due to the rapid drainage from this area.   
 
The sharpness of the peaks in water levels in the inflowing and outflowing streams show the limited 
duration of intermediate and peak flows (Figure 7). For example, on 7/22/2019 the flow in the inflow 
stream responded to the precipitation within 30 minutes of the rain event with in-channel water levels 
increased from 1ft to 2.65 ft within minutes of the significant rain event.  The water flows in the outflow 
channel react slower, as the pond is storing some water and releasing it over time.  The outflow stream 
reacts to the significant rain event within minutes, but the stage height in the channel takes hours before 
peaking.  For instance, in-channel water levels at outflow increased from 0.39ft to 2.07ft over 3 hours.   
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Figure 6.     Buttonwood Pond inflow and outflow stream daily stage and daily precipitation record.



Page 12 of 27 

 

 
Figure 7.  Buttonwood inflow (Left) and outflow (Right) streams 10-minute stage record. 
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To assess the effectiveness of Microbe Lift® on reducing nutrient concentrations in Buttonwood Pond 
water quality samples from August 22 to November 1 of 2018 (no-Microbe Lift®) were compared to 2019 
(with-Microbe Lift®).  This allows for a comparison of water quality at the same time of year but a year 
apart.  There were 8 sampling dates in 2018 and 8 comparable sampling dates in 2019 with comparable 
stream flows (Figure 8).  The average water flow of these 8 dates in 2018 and 2019 was 750 and 788 
m3/day, respectively (Table 3).  Similar water flows are necessary for comparing nutrient load, so that 
nutrient load isn’t skewed higher due to higher inflows or outflows.  Data indicates that TP load is 
significantly reduced from 0.10 kg/d in 2018 to 0.01 kg/d in 2019 during the August 22 through 
November 1sampling period (Figure 9 TP and Table 3).  All other constituents (NOx, NH4, DON, PON, 
TN) show no significant difference between 2018 and 2019 after the addition of Microbe Lift® to 
Buttonwood Pond (Figure 9 TN and Table 3).  
 

  
Figure 8.  Buttonwood Pond stream outflow (m3/day) and water residence time data for 2018 versus 2019.  
X-axis indicates the date sampled in 2018 and 2019, respectively.  For example, 8/22-8/23 represents the 
data collected on 8/22/2018 versus 8/23/2019. 
 
 

 
Figure 9.  Buttonwood Pond stream outflow TP (Left) and TN (Right) concentrations for 2018 versus 
2019.  X-axis indicates the date sampled in 2018 and 2019, respectively.  For example, 8/22-8/23 
represents the data collected on 8/22/2018 versus 8/23/2019. 
 
 
Table 3.  Average (standard deviations) of nutrients flowing out of Buttonwood Pond during the same 
time period in 2018 (no treatment) and 2019 (with Microbe Lift® treatment) 

 

# of Flow PO4 TP NH4 Nox DON PON TN
Outflow Stream dates (m3/d) (kg /day) (kg /day) (kg /day) (kg /day) (kg /day) (kg /day) (kg /day)
Aug 22 - Nov 1, 2018 8 750 (644) 0.02 (0.01) 0.10 (0.06) 0.01 (0.01) 0.04 (0.07) 0.44 (0.37) 0.41 (0.34) 0.91 (0.75)
Aug 22 - Nov 1, 2019 8 788 (1127) 0.01 (0.01) 0.01 (0.02) 0.01 (0.02) 0.05 (0.03) 0.36 (0.44) 0.34 (0.39) 0.70 (0.83)
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Due to the issues with getting accurate water levels from the gauges (above), reliable rating curves could 
not be developed for determining daily nutrient loads into and out of Buttonwood Pond.  Therefore, water 
quality data had to be assessed on a sample by sample basis.  The results clearly indicate that Buttonwood 
receives significant nutrient inputs during storm events, which was also found in the BEC study (1988), 
30+ years ago.  Therefore, water quality was examined based on dry and wet flow conditions.  Water 
samples were collected on 16 dry weather flow events and 14 wet weather flow events.  The comparison 
of these two data sets indicates that the water quality significantly changes during wet weather flows at 
the inflowing stream (Figures 10 (A), (C), (E)), but not at the outflowing stream (Figures10 (B), (D), (F)).  
At the inflowing stream, there is a significantly higher TP, DON, and TN 95% of the time and PO4 and 
NH4 are significantly higher 90% of the time during wet weather flows.  However, at the outflowing 
station, ammonia, PON, and TN concentrations were higher 90% of the time during dry weather versus 
wet weather.  Note that with the high flow volumes in wet weather the loads were generally much larger 
in wet than dry flow conditions.  Most notably, phosphorus loads were much larger in the inflow stream 
under wet conditions due to the larger flow volume and higher concentrations. 
 
(A)                    (B) 

 
(C)                    (D) 
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(E)                    (F) 

 
Figure 10.  Comparison of nutrient concentrations at the inflow and outflow stations during dry weather 
(no rain within >3 days) and wet weather (rain within 3 days).  Inflow results depicted in (A), (C), and (E) 
box and whisker plots.  Outflow results depicted in (B), (D), and (F) box and whisker plots.   
 
 
Due to significant changes in water quality during wet flow events, assessment of the effects of Microbe 
Lift® treatments was based upon differences in water quality from the inflow stream to the outflow stream 
during only dry period flows (Figure 11).  It should be noted that given the high throughput in wet 
weather due to the high flows, that the Microbe Lift® treatment effects would be more difficult to detect, 
also in part due to the variable input loads associated with rain events.  These issues are greatly reduced 
by using the dry period flows, the analysis revealed significantly higher concentrations of TP, DON, 
PON, and TN at the outflow versus inflow 95% of the time.  In contrast, nitrate+nitrite is significantly 
lower flowing out of Buttonwood Pond than the water flowing in during pre-treatment (June 2019) and 
post-treatment (all samplings after July 24).  Isolating sampling dates after 8/22 (following the 5th 
Microbe Lift® treatment), showed the same pattern.  It is not clear at this time if the lowering of nitrate in 
water passing through the pond is due to uptake by phytoplankton or through denitrification in the bottom 
sediments.  However, there is still substantial and continuous reduction in the ratio of OUT:IN PO4

 and 
TP concentrations with Microbe Lift® treatments (Table 4).  In the case of PO4

 and TP, Buttonwood Pond 
continues to take up more total phosphorus and ortho-phosphate throughout the treatment period (July 24 
– Nov 12).  This is supported in the decreasing of OUT:IN ratios (i.e. the as water passes from inflow to 
outflow, more PO4

 and TP is removed when Microbe Lift® treatments are occurring).   
 
 
Table 4.  Average (standard deviations) of the inflow and outflow stream and their resulting Out:In ratios 
for PO4 and TP concentrations. 

 
 
 
Conversely, the nitrogen constituents (NH4, NOx, DON, PON, and TN) exhibit more variability in the 
ratio of OUT:IN concentration (Table 5).  For instance, the OUT:IN ratio of NH4 is 189% during the pre-
treatment monitoring (June 13 – July 24) to 80% in the 1st month of Microbe Lift® applications (July 24 - 
Aug 24).  This reduction of the OUT:IN ratio, indicates increased removal/transformation of NH4

 from 
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inflow to outflow between July 24 and Aug 24 than June 13- July 24.  Unfortunately, the NH4
 ratio is 

variable throughout the entire sampling period, therefore it is not likely that Microbe Lift® is exhibiting a 
continuous effect on NH4

 concentrations.  The ratio of PON concentrations OUT:IN is notably higher, 
with significantly more PON leaving Buttonwood than entering during dry period flows.  This could be a 
reflection of high chlorophyll levels in the pond, as chlorophyll is primarily associated with PON in the 
watercolumn.  High levels of chlorophyll could also be the cause of decreasing PO4 and TP 
concentrations.  Overall, Microbe Lift® treatment does not exhibit an increase in the removal of TN from 
inflow to outflow, which is supported by higher ratios of OUT:IN for TN concentrations during the 1st, 
2nd, and 3rd months of Microbe Lift® applications (Table 5).  
  
 
Table 5.  Average (standard deviations) of the inflow and outflow stream and their resulting Out:In ratios 
for NH4, NOx, DON, PON, and TN concentrations. 

 
 
 
Focusing on just the outflowing water, the concentration of TP, PON, and TN is lower following the 8/22 
sampling than prior to 8/22 for dry period samplings, with similar daily discharge rates of 92 m3 day-1 to 
426 m3 day-1 (Figure 11, TP, PON, TN).  Microbe Lift® applications may have reduced the PO4 and TP 
concentration in outflowing water (as supported in Table 4, above), but this cannot be definitively 
determined due to cooler temperatures and dry weather that also occurred during this time in late August 
through mid-September of 2019 (Figure 6).  The water quality sampling from 2018 versus 2019 for the 
same time frame (August 22 through November 1) also only shows TP to be significantly lower in the 
2019 treatment year than in the non-treatment year of 2018 (Figure 9), with no significant reduction in 
NH4, NOx, DON, PON, TN, or PO4. 
 

 
 

 

# of 
dry period flows dates

IN OUT Out:In IN OUT Out:In IN OUT Out:In IN OUT Out:In IN OUT Out:In
ratio ratio ratio ratio ratio

Pre-APPL. Jun 13 - Jul 24 (pre) 1 0.09 (0.00) 0.17 (0.00) 189% 0.59 (0.00) 0.01 (0.00) 3% 0.31 (0.00) 0.59 (0.00) 192% 0.07 (0.00) 0.43 (0.00) 663% 1.05 (0.00)1.20 (0.00) 114%
1st mon APPL. Jul 24 (post) - Aug 24 7 0.05 (0.01) 0.04 (0.05) 80% 0.42 (0.13) 0.03 (0.02) 8% 0.36 (0.07) 0.55 (0.10) 155% 0.07 (0.02) 1.15 (0.23) 1684% 0.90 (0.11)1.78 (0.30) 197%
2nd mon APPL. Aug 25 - Sept 24 3 0.02 (0.01) 0.01 (0.01) 49% 0.42 (0.11) 0.04 (0.00) 9% 0.26 (0.07) 0.49 (0.06) 186% 0.03 (0.01) 0.70 (0.07) 2329% 0.73 (0.19)1.24 (0.05) 168%
3rd mon APPL. Sept 25 - Oct 24 4 0.04 (0.01) 0.05 (0.01) 142% 0.13 (0.04) 0.04 (0.01) 27% 0.29 (0.07) 0.49 (0.01) 167% 0.08 (0.05) 0.53 (0.09) 699% 0.53 (0.15)1.10 (0.07) 206%
4th mon APPL. Oct 24 - Nov 12 1 0.02 (0.00) 0.02 (0.00) 82% 0.70 (0.00) 0.09 (0.00) 14% 0.39 (0.00) 0.46 (0.00) 119% 0.03 (0.00) 0.48 (0.00) 1700% 1.13 (0.00)1.06 (0.00) 93%

avg. (stdev) avg. (stdev) avg. (stdev) avg. (stdev) avg. (stdev)

TN
(mg/L) (mg/L) (mg/L) (mg/L)

NH4
(mg/L)

NOX DON PON
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Figure 11.  Ortho-phosphate, total phosphorus, ammonia, nitrate+nitrite, dissolved organic nitrogen, 
particulate organic nitrogen, and total nitrogen concentrations at BTW IN (blue) and BTW OUT (red) 
flowing streams during dry period flows.  Wet period flow concentrations not shown in these charts.   
 
Note the specific conductivity of the water flowing into Buttonwood Pond is approximately double that in 
the water leaving the pond.  This is important because chloride is the dominant contributor to 
conductivity, and it is conservative (does not react or be absorbed) but can be diluted.  Therefore, seeing 
half the amount of salt at the outflow from Buttonwood likely indicates that stormwater inputs add a 
significant amount of water with lower conductivity, which was not captured during this study.  
 
 
Potential for Reduction of Surface Organic Soft Sediments in Buttonwood Pond with Microbe Lift® 
Applications 
Potential changes in the thickness of accumulated soft organic rich sediments throughout Buttonwood 
Pond was determined by probing sediments to refusal.  Thickness of accumulated soft sediment 
conducted during water quality sampling dates at three stations:  BTW1, BTW2, and BTW5.  Regular 
monitoring at these stations indicated that sediment thickness decreased overall.  BTW1 sediment 
thickness was generally less in post-Microbe Lift® applications (after July 24) than pre-treatment.  The 
average of all post-application thickness measurements is 0.47m or 0.07m less than pre-Microbe Lift® 
application.  This is near the method detection limit but is statistically significant at the 95% confidence 
level.  BTW2 sediment thickness, post-application is 0.45m, 0.03m less than pre-application.  This small 
difference is within the variation of the data and not significantly different from pre-treatment (June 13 – 
July 24) measures.  BTW5 sediment thickness post-Microbe Lift® application is 0.31m, 0.09m less than 
pre-application, but was variable and so was not statistically different overall.  However, it is significantly 
less during the 3rd month (Sept. 25-Oct. 24) of treatment, averaging 0.24m or 0.16m less over three 
sampling dates (Figure 12).  However, this did not persist in the 4th-month (Oct. 25 – Nov. 12) of 
treatment, but microbial activity was also significantly less due to lower temperatures from the change of 
seasons.  
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Figure 12.  Sediment depth monitoring results at stations BTW1, BTW2, and BTW5.  Multi-colored lines 
represent the average sediment depth of the respective treatment period (pre-Microbe Lift®, post-1st 
month (July 24-Aug. 24), post-2nd month (Aug. 25-Sept. 25), post-3rd month (Sept. 25-Oct. 24), post-4th 
month (Oct. 25 – Nov. 12). 
 
In addition to the regular sediment thickness measurements at the 3 pond stations, full pond surveys were 
conducted in 2019, prior to the treatments on June 20th, 2019 and in late summer after six treatments had 
been conducted, on September 20th, 2019.  Twenty-five to thirty measurements were made within the 
treated area of Buttonwood Pond each with an associated GPS coordinate.  Maps were created to 
determine the volume of accumulated soft sediment in Buttonwood Pond pre- and post-treatment (Figure 
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13).  The sediment volume in June was 10.6% greater than in the September survey (9,467 m3 versus 
8,554 m3).  If correct, this would represent 913 m3 reduction in sediment volume over three months.  With 
a treated surface area of 34,247 m2, the reduction equals a decrease of 0.03 m in sediment depth, 
throughout Buttonwood Pond from June 20th to September 20th.  Additional treatment and testing are 
required to confirm these results, as a 0.03 m decrease is close to the limit of detection.     
 
 

 
Figure 13.  Sediment depth maps for June 20th, 2019 (left) and September 20th, 2019 (right). 
 
 
Pathogen Reduction in Buttonwood Pond Before and During Microbe Lift® Applications 
Samples were collected for pathogen testing by CSP scientists.  These samples were assayed by Alliant 
Food Safety Inc. by aerobic total heterotrophic bacteria plate count and standard methods for total 
coliform, and E. coli.  Results (Appendix B) indicated that Buttonwood Pond bacteria levels were variable 
throughout the sampling period.  The highest bacteria counts were seen when water temperatures, BOD, 
chlorophyll-a pigments, and TSS were also high.  E. coli levels exceeded 410 cfu per 100-mL on 
samplings:  7/24 pre and post application and on monitoring dates 8/7, 8/30, and 9/13.  The standard for 
E. coli levels of 410 cfu per 100 mL is set by the Massachusetts Surface Water Quality Standards 
Regulations 314 CMR 4.00.  On 7/30 and 8/14, the E. coli levels were at the detection limit of <1000 
CFU per 100 mL (<10 CFU per 1 mL).  There is a possibility given the high detection limit for assays on 
these dates that E. coli levels could have been higher than 410 CFU per 100-mL.  However, assays on 
9/20, 10/2, 10/24, and 10/30 which had a E. coli detection limit of <100 CFU per 100-mL, thus less than 
410 CFU per 100-mL standard.  During this study, Buttonwood Pond did not meet the Massachusetts 
Surface Water Quality Standards Regulations 314 CMR 4.00 for bacteria levels. 
 
 
Conclusions 
An innovative biological treatment approach for water quality improvement, Microbe Lift®, was tested in 
eutrophic Buttonwood Pond in an attempt to lower nitrogen  (through denitrification of nitrate inputs, 
NO3N2

 gas), to reduce total phosphorus levels, improve dissolved oxygen levels, reduce biological 
oxygen demand, reduce TSS, and reduce accumulated organic deposits in the bottom sediments. 
 
Overall, reduction of nitrate from Buttonwood inflowing stream to Buttonwood outflowing stream was 
found both pre-Microbe Lift® application and post-Microbe Lift® application, so it could not be ascribed 
to the treatment.  Dissolved and particulate organic nitrogen (DON and PON) make up from 82 to 99% of 



Page 20 of 27 

 

the total nitrogen (N) flowing out of Buttonwood Pond. This is consistent with other freshwater ponds 
throughout the region where in-pond biological activity converts inorganic N (NO2

-+NO3
- and NH4

+) to 
organic N forms.   Total phosphorus levels in the pond and outflowing stream were not significantly 
lowered during the 1st-month of treatments (July 24 to Aug. 24), averaging 0.2261 mg TP/L (Table 2 and 
Table 4).  However, they were significantly lower in the 2nd, 3rd, and 4th months of treatment, averaging 
0.1161 mg TP/L, collectively.  Similarly, ortho-phosphorus levels in the pond and outflowing stream 
were significantly lower after the Microbe Lift® treatments from 0.0745 mg PO4/L to 0.0318 mg PO4/L in 
the 1st month of treatment, and decreased with the continued treatments of Microbe Lift® to an average of 
0.0096 mg PO4/L (Table 2 and Table 4).  If Microbe Lift® is responsible for the reduction of TP and PO4 
then this could be useful in the management of Buttonwood Pond.  Limiting TP and PO4

 availability in 
the water column can decrease the potential for algae blooms in the water.  The confounding factor is the 
natural seasonal variation in the pond.  However, examining 2018 (no treatment) with the same period in 
2019 (August 22 through November 1, Figure 8, Figure 9, Table 4, Table 5) which had treatment showed 
TP to be significantly lower in the 2019 treatment year than in the non-treatment year of 2018. There was 
no significant reduction in NH4, NOx, DON, PON, TN, or PO4 detected.   
Dissolved oxygen conditions of Buttonwood Pond are not significantly different with the Microbe Lift® 
treatments.  The oxygen conditions of Buttonwood Pond did improve, but through the use of the aerator 
and advent of cooler temperatures.  Low DO was found even post treatment in the bottom waters when 
warm temperatures create stratification and stops mixing of high oxygen surface water from the bottom 
water.   
 
Biological oxygen demand was not significantly different with Microbe Lift® treatments.  Rather, the 
BOD appears to be driven by another factor that was not identified in this study.   
 
TSS was significantly worse in the 1st month of Microbe Lift® treatments.  The TSS concentrations were 
improving through September and October from 1st month of Microbe Lift® treatments but were still 
higher than the June 13- July 24 pre-treatment conditions.  The lowest TSS levels during all of the 2019 
monitoring were in November.  The increase in TSS levels in August is most likely attributed to high 
stormwater inputs bring particulates and nutrients, an increase in total chlorophyll-a pigments related to 
the nutrient inputs and warmer temperatures in August.   
 
Another possible positive effect of the Microbe Lift® treatments may have been a slight reduction in the 
thickness of the organic rich deposits in the bottom sediments.  However, the amount was very small, 
0.03 m and near the limit of detection.  There is still a significant amount of organic rich sediment in the 
bottom of Buttonwood Pond, primarily in the deeper depositional areas of the pond.  The edges of the 
pond appear to have less organic, more sandy sediments.  These results are consistent with the BEC 
study, which stated, “soft sediment depths do not exceed 0.5m in the open water portion of the pond…” 
and “much of the pond area actually has soft sediments less than 0.3 m deep” (BEC, p57, 1988).  
Similarly, in June and September of 2019, the average sediment depth in the open pond area was 0.28 and 
0.25 m, respectively.  The possible treatment effect in 2019 although promising, requires more study to 
evaluate its long-term effectiveness.  
 
 
Recommendations 
Buttonwood Pond experiences a significant amount of water and nutrient load from stormwater.  
Although, CSP did not conduct a complete stormwater study, data provided in the Nutrient Diagnostic 
Study of Buttonwood Pond by BEC (1988), indicated that 37% of water flow into Buttonwood Pond 
comes from a 36” storm drain in Buttonwood Brook.  This nitrogen and phosphorus load from this storm 
drain is 40.6 – 47.8% of the total N load and 61-62.3% of the total P load.  The BEC determined the total 
N load to be 2630-3746 kg N and 241.4-364.0 kg P to Buttonwood Pond.  This supports that during storm 
events Buttonwood receives a large pulse of nutrients.  Additionally, there is a large resident bird 
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population on Buttonwood Pond, greater than 100 geese.  The nutrient inputs from these animals are also 
a significant source of nitrogen and phosphorus to Buttonwood Pond.  Reducing these two inputs would 
significantly lower the total nutrient loading and have a very positive effect on the current nutrient related 
health of Buttonwood Pond.   
 
Until these major nutrient load sources can be dealt with permanently, the use of Microbe Lift® could be 
valuable at preventing serious algae blooms in Buttonwood Pond, by lowering phosphorus levels.  Future 
deployments of Microbe Lift® should be scheduled as per standard practice, to reduce the phosphate 
levels before the warmest part of summer (July and August).  Continued monitoring of the Microbe Lift® 
technology, should be continued to determine if the initial testing results are repeatable and that the 
product is consistently reducing the phosphorus levels and organic accumulations in Buttonwood Pond.  
Also, laboratory experiments should be conducted to reveal the processes driving the observed “effects” 
and to help understand the full efficacy of this product on water quality and organic matter accumulation.   
This is particularly appropriate if applications are to continue in Buttonwood Pond and similar systems in 
Massachusetts where water quality can change rapidly, due to rain events and stormwater flows.   
 
Future pilot testing might seek an impaired pond that is surface water driven with a flowing stream in and 
out, with high nitrate inputs from the stream water, allowing more sensitivity in detecting changes in 
water quality associated with Microbe Lift® applications.  
 
 
References 
Baystate Environmental Consultants. (1988).  Diagnostic/Feasibility Study for the Management of 
Buttonwood Pond, New Bedford, Massachusetts. Final Report.   
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TECHNICAL MEMORANDUM 
 

Buttonwood Pond Baseline Assessment  
Water Quality Assessment of Buttonwood Pond, City of New Bedford  

Quantifying the Nutrient and Water Inputs/Outputs and  
Nutrient-Related Water Quality of Buttonwood Pond 

 
Dr. Brian L. Howes,  
Amber Unruh, M.S. 

Coastal Systems Program 
 School of Marine Science and Technology -UMD  

FINAL June 17, 2019  

 
Overview: Buttonwood Pond in New Bedford, MA is degraded from excessive nutrient loading from 
human activities, localized watershed nutrient and stormwater inputs as determined by the 
Diagnostic/Feasibility Study for the Management of Buttonwood Pond, New Bedford, Massachusetts 
(1988)1.  During the summer of 2018, scientists in the Coastal Systems Program (CSP), School for 
Marine Science and Technology University of Massachusetts Dartmouth were approached by the Director 
of AMT BioProducts, Jeff Young, about an approach to restore water quality in Buttonwood Pond.  CSP 
UMass Dartmouth as a service focused institution agreed to provide unbiased scientific support for 
evaluation of AMT’s restoration approach.  This effort by CSP is part of its 20+ year technical assistance 
to freshwater and estuarine restoration efforts throughout the region.  During late August through October 
of 2018, scientists began an initial baseline monitoring of Buttonwood Pond, mainly collecting water 
quality samples and measuring volumetric discharge from the Pond’s outflowing stream.  Additionally, 
based upon these initial data, in-pond water quality parameters: temperature and dissolved oxygen were 

 
1  Baystate Environmental Consultants (BEC). 
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added in June 2019 to assess stratification and potential oxygen depletion, as well as, transparency 
(Secchi depth) and total depth.  
 
This Technical Memorandum summarizes the 2018 water sampling and volumetric outflow 
measurements.  Stream velocities (volumetric discharge) were measured approximately weekly using a 
Marsh McBirney electromagnetic flow meter.  Water quality samples were collected in conjunction with 
flow (volumetric discharge).  Water quality samples were analyzed for temperature, conductivity, total 
nitrogen (nitrate + nitrite, ammonium, dissolved organic nitrogen, and particulate organic nitrogen), 
phytoplankton biomass (as chlorophyll-a, pheophytin-a), ortho-phosphate, total phosphorus, dissolved 
oxygen, transparency, and alkalinity.  Data collection followed the protocols used in the Massachusetts 
Estuaries Project (MEP) for stream analysis, water quality monitoring and chemical analysis.   
 
Description Findings from Water Quality and Stream Flow Monitoring 2018: 
 
The nutrient (nitrogen and phosphorus) concentrations in the stream flowing out of Buttonwood Pond (to 
Apponagansett Bay) indicate that the Pond is showing signs of nutrient enrichment and eutrophication.  
The average total nitrogen (TN) concentration of Buttonwood Pond was 1.2 mg N L-1, ranging from 0.89 
to 1.74 (Figure 1).  The concentrations of inorganic nitrogen, ammonia (NH4

+) and nitrate+nitrite (NOx
-), 

were generally low, with an average of 0.02 and 0.04 mg N L-1, and never exceeded 0.07 and 0.15 mg N 
L-1, respectively.  Dissolved and particulate organic nitrogen (DON and PON) make up from 80 to 99% 
of the total nitrogen (N) flowing out of Buttonwood Pond. This is consistent with other freshwater ponds 
throughout the region where in-pond biological activity converts inorganic N to organic N forms.   The 
average concentration of DON is 0.64 mg N L-1, ranging from 0.43 to 0.87.  Similarly, the average 
concentration of PON is 0.60 mg N L-1, ranging from 0.37 to 0.94.  The high organic versus inorganic 
nitrogen levels indicates that the Pond is not “saturated” with nitrogen, but that more inorganic inputs 
should result in more organic matter being produced by phytoplankton and aquatic plants.  Total 
phosphorus (P) concentrations were also very high, ranging from 90 to 314 ug P L-1, with an average of 
171 ug P L-1 (Figure 2).  Ortho-phosphate (PO4

3-) concentration averaged 29 ug P L-1, ranging from 10 to 
56.  Analysis of chlorophyll-a revealed high concentrations at an average of 67 ug L-1, ranging from 48 to 
105.   The high chlorophylll-a, N and P levels are all consistent with a eutrophic pond, with almost certain 
habitat impairment and large export to downstream receiving waters.  Although, concentrations described 
above are not in-pond measurements, they should be a very close approximation as Buttonwood Pond is 
relatively small and shallow and outflowing water should reflect pondwater concentrations. 
 
The Cape Cod Ponds Atlas derived standards for freshponds, with  water quality target concentrations to 
maintain high quality habitat of  310, 10, and 1.7 ug L-1 for TN, TP, and chlorophyll-a, respectively.    
Based upon comparisons to 100’s of Cape Cod ponds, for concentrations of TP, TN, and chlorophyll-a, 
all constituents are currently many times higher than the standards, again supporting the designation of 
Buttonwood Pond as eutrophic and in need of nutrient management. 
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Figure 1.  Total nitrogen, ammonia, nitrate + nitrite, dissolved organic nitrogen, particulate organic 
nitrogen concentrations (mg N L-1) throughout the 2018 sampling period.  
 

 

 
Figure 2.  Total phosphorus and ortho-phosphate levels (ug P L-1) through the 2018 sampling period.  

 
 
Stream volumetric flow (discharge rate) was determined from cross-sectional flow velocities.  Results 
showed a generally low flow of water coming from Buttonwood Pond to downgradient Buttonwood 
Brook.  Measurements conducted on eight sampling dates had a low discharge of 138 m3 day-1 and a high 
of 1,902 m3 day-1, the latter being measured within 24 hours of a rain event (Figure 3).  Using the 
detention volume of 21,600 m3 (pond volume) determined by BEC in 1988, and the 2018 stream flow 
data, the water residence time is estimated to vary between 11 and 156 days, averaging 65 days (Figure 
3). 
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Figure 3.  (Left) Volumetric discharge (m3 day-1) from Buttonwood Pond throughout the 2018 sampling.  
(Right) Water residence time (days) of a parcel of water in Buttonwood Pond.  
 
 
Stream flow and nutrient concentration are integrated to determine the nutrient (phosphorus and nitrogen) 
load leaving Buttonwood Pond in the outflowing water.  Nutrient loading from impaired systems is 
relevant to nutrient loading to down-gradient systems, such as estuaries.  The outflowing water from 
Buttonwood Pond is a contributor to the nitrogen enriched and impaired Apponagansett Estuary.  
Restoration of Buttonwood Pond would have benefits to the aquatic life and condition of the pond, but 
also potentially have ecosystem benefits to Apponagansett Estuary by reducing its incoming nitrogen 
load.  
 

 
Figure 4.  Total phosphorus (left) and total nitrogen (right) load (kg day-1) from Buttonwood Pond 
throughout the 2018 sampling. 
 
 
Description Findings from in-pond Water Quality Monitoring 2019: 
 
A sampling effort was conducted on June 13, 2019, in order to gain insight on the in-pond water quality 
conditions.  Sampling measurements were made at five locations in Buttonwood Pond (Figure 5), starting 
at the edge of the emergent wetland in the northern area of the pond and moving toward the outlet, 
collecting sufficient data on areas near and far from the pond’s aeration system, located near the outlet.  
At each station, profiles of temperature and dissolved oxygen were taken to assess the level of mixing in 
the pond.  Additionally, secchi depth measurements were made to assess the level of turbidity.   
 
Water quality conditions seen throughout the pond indicated that the pond is currently well mixed, with 
no temperature stratification or variable dissolved oxygen conditions, likely due in part to the actions of 
the aeration system.  The temperature of the pond on this day was 20.4 to 20.6 ˚C, with dissolved oxygen 
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averaging 7.41 mg L-1, ranging from 7.10 to 7.63 mg L-1.   Secchi depth was consistently between 0.3 and 
0.4 m, and unable to see the bottom at all five stations. Based on the sites sampled, the pond is deepest in 
the southern half of the pond. The deepest depth measured was 1.2 m at BTW4, east of the small island.  
It appears that while oxygen levels were generally moderate to high, that the high nutrients were resulting 
in organic enrichment that would likely render the pond hypoxic if aeration stopped, i.e. one of the 
consequences of eutrophication is being managed, but not others (e.g. turbidity, blooms) which will 
require reduction in nutrient levels. 
 
 

 
Figure 5.  Station map of Buttonwood Pond.  
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Appendix B.  Buttonwood Pond Pathogen Results 2019 
Buttonwood Pond Pathogen 2019 results  
 Date BTW1 BTW2 BTW5 Units 
Aerobic plate count-FDA 7/24/19-PRE 5800 9100 10000 CFU / 1-mL 
Coliform and E.coli-3M 7/24/19-PRE 190  <10 300  20 310  <10 CFU / 1-mL 
E-coli 0157:H7-qPCR 7/24/19-PRE Negative Negative Negative CFU / 1-mL 
Listeria monocytogenes-qPCR 7/24/19-PRE Negative Negative Negative CFU / 1-mL 
Salmonella species-qPCR 7/24/19-PRE Negative Negative Negative CFU / 1-mL 
 7/24/19 Microbe Lift® Treatment #1 
Aerobic plate count-FDA 7/24/19-POST 11000 16000 13000 CFU / 1-mL 
Coliform and E.coli-3M 7/24/19-POST 120  <10 290  <10 380  30 CFU / 1-mL 
E-coli 0157:H7-qPCR 7/24/19-POST Negative Negative Negative CFU / 1-mL 
Listeria monocytogenes-qPCR 7/24/19-POST Negative Negative Negative CFU / 1-mL 
Salmonella species-qPCR 7/24/19-POST Negative POSITIVE Negative CFU / 1-mL 
 7/30/2019 Microbe Lift® Treatment #2 
Aerobic plate count-FDA 7/31/2019 27000 29000 24000 CFU / 1-mL 
Coliform and E.coli-3M 7/31/2019 10  <10 230  <10 <10  <10 CFU / 1-mL 
Aerobic plate count-FDA 8/7/2019 10000 210000 210000 CFU / 1-mL 
Coliform and E.coli-Chromogenic 8/7/2019 1100  100 1600  100 1200  <100 CFU / 1-mL 
 8/8/2019 Microbe Lift® Treatment #3 
 8/13/2019 Microbe Lift® Treatment #4 
Aerobic plate count-FDA 8/14/2019 1300 410 2100 CFU / 1-mL 
Coliform and E.coli-Chromogenic 8/14/2019 10  <10 20  <10 70  <10 CFU / 1-mL 
 8/19/2019 Microbe Lift® Treatment #5 
WQ samples lost by UPS 8/22/2019     
Aerobic plate count-FDA 8/30/2019 1300 2900 17000 CFU / 1-mL 
Coliform and E.coli-Chromogenic 8/30/2019 500  50 200  30 440  10 CFU / 1-mL 
 9/6/2019 Microbe Lift® Treatment #6 
Aerobic plate count-Aqua 3M 9/13/2019 1600 2200 2600 CFU / 100-mL 
AQUA Coliform & Faecal Coliform 9/13/2019 Confluent 

Growth 
Confluent 
Growth 

Confluent 
Growth 

CFU / 100-mL 

Aerobic plate count-FDA 9/20/2019 700 1300 900000 CFU / 1-mL 
Coliform and E.coli-Chromogenic 9/20/2019 100  <100 600  <100 <100  <100 CFU / 1-mL 
Aerobic plate count-FDA 10/2/19-PRE 1000 2000 1000 CFU / 1-mL 
Coliform and E.coli-Chromogenic 10/2/19-PRE 100  <100 300  <100 200  <100 CFU / 1-mL 
 10/2/2019 Microbe Lift® Treatment #7 
Aerobic plate count-FDA 10/2/19-POST 2000 1000 1000 CFU / 1-mL 
Coliform and E.coli-Chromogenic 10/2/19-POST 400  <100 <100  <100 100  <100 CFU / 1-mL 
 10/18/2019 Microbe Lift® Treatment #8 
Aerobic plate count-FDA 10/24/2019 1000 2000 12000 CFU / 1-mL 
Coliform and E.coli-Chromogenic 10/24/2019 <100  <100 <100  <100 800  <100 CFU / 1-mL 
Aerobic plate count-FDA 10/30/2019 15000 34000 42000 CFU / 1-mL 
Coliform and E.coli-Chromogenic 10/30/2019 600  <100  1000  <100 500  <100 CFU / 1-mL 
 11/7/2019 Microbe Lift® Treatment #9 
WQ samples lost by UPS 11/12/2019     
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