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Introduction 
 
KAS, Inc. (KAS) conducted a semi-annual water quality monitoring event on October 23, 2018 at the 
Halifax Landfill (Site Location Map and Site Map in Appendix A).  A groundwater sample was 
collected from monitoring well MW-3 and analyzed for perfluorinated compounds (PFCs) via EPA 
Method 537 (short list). The October 2018 sampling effort was conducted in accordance with the 
current landfill certification. The sample was field analyzed for temperature, pH, and specific 
conductance using a properly calibrated YSI® Pro Multi-Meter.  The depth to water was gauged 
using a Geotech™ water level indicator. 
 
Results 
 
Field measurements 
 
Depth to water in MW-3 was measured at 5.62 feet below top of casing (btoc).  The water 
temperature was 9.7 degrees Celsius and a pH value of 6.53 standard units was recorded at the 
time of sampling.  The depth to water, temperature and pH measurements recorded are within 
range of historical measurements.  A specific conductance reading of 160.7 µS/cm was noted at the 
time of sampling and is within range of historical fluctuations.  Field measurement data is tabulated 
in Appendix B. 
 
Laboratory results 
 
Analytical testing indicated the presence of several PFCs in the groundwater sample collected from 
MW-3.  A combined concentration of perfluorooctanoic acid (PFOA), perfluorooctanesulfonic acid 
(PFOS), perfluorohexanesulfonic acid (PFHxS) and perfluoroheptanoic acid in MW-3 was reported at 
140.6 nanograms per liter (ng/l) which exceeds the Vermont Groundwater Enforcement Standard 
(VGES) of 20 ng/l.  No PFCs were detected above laboratory method detection limits in the trip 
blank sample.  Current and historical analytical data is tabulated in Appendix B and a copy of the 
laboratory report is provided in Appendix C.  
 
PFC concentrations at MW-3 decreased compared to the previous sampling in May 2018.  The data 
set is still limited and fluctuations in PFC concentrations continue over time.   While an overall 
increasing trend appears apparent based on the linear trend R-square value (See Graph in 
Appendix B), a statistically significant trend has not been established. The figure on page 2 (Figure 
1) is the concentration of total PFCs in MW-3 over time using a concentration linear trend 
generated by the Groundwater Spatio-Temporal Data Analysis Tool (GWSDAT Version 2.12). The 
solid green line shows the trend estimate and the dashed green lines are the 95% confidence 
intervals. The statistical significance of this trend is assessed using the Mann-Kendall trend test. If 
the Mann-Kendall p-value is below 0.05, then the estimated trend is statistically significantly 
different from 0, meaning that there is a trend within the data (GWSDAT User Manual v2.12). The 
Mann-Kendall p-value for MW-3 is 0.452; which is above 0.05, indicating a statistically relevant 
trend could not be established.   
 
 



  Fall 2018 Semi-Annual Water Quality Monitoring Report 
Halifax Landfill, Halifax, Vermont 

 

2 

 

 
Figure 1. Total PFC concentration trend for monitoring wells MW-3 

 
 
A seasonal correlation between PFC levels and depth to groundwater remains unclear; however, 
lower PFC concentrations are apparent during fall sampling events.  The next groundwater 
monitoring event is scheduled to occur in May 2019. 
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APPENDIX A 
 

Site Location Map and Site Map 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



KAS Job Number: 610110045

Source: http://anrmaps.vermont.gov/websites/anra5/

Date: 05/25/16 Drawing No. 0 Scale: NTS By: CS
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APPENDIX B 
 

Historical Sampling Data 



GROUNDWATER QUALITY SUMMARY HALIFAX LANDFILL

HALIFAX, VT

Parameter
(PPM unless noted) Aug-93 Dec-95 May-96 Nov-96 May-97 Oct-97 May-98 Oct-98 May-99 Oct-99 May-00 Dec-00 Oct-01 Jan-02 Jun-02 Dec-02 Jun-03

pH** 6.4 6.27 6.1 6.1 6.4 6.3 6.2 5.8 6.2 6 6.6 6.5 6.5 nt 6.5 6.6 6.7
Conductivity (µS/cm)** 328 440 600 610 530 380 480 280 340 390 520 500 320 nt nt 360 430
COD** 6.9 ND<50 22 16 16 18 10 20 20 10 20 10 10 nt 30 20 20
Chloride* 250 125 14 27 29 26 20 1 17 8 14 ND<1 18 17 8 nt 15 10 12

Sodium* & ** (change of 10 ppm) 250 125 nt 23 28 27 23 15 18 11 14 nt 21 16 13 nt 39 11 16
Ca Hardness** change of 100 NA nt nt 230 nt 230 160 220 120 150 190 230 190 130 nt nt 130 220
Dissolved Chromium 0.1 0.05 nt ND<0.05 ND<0.002 ND<0.002 0.003 ND<0.002 ND<0.002 0.004 ND<0.002 ND<0.002 ND<0.002 0.005 0.004 nt ND<0.001 ND<0.001 ND<0.001
Dissolved Copper 1.3 0.65 nt ND<0.05 ND<0.01 ND<0.01 0.03 ND<0.01 ND<0.01 0.02 ND<0.01 ND<0.01 0.01 0.02 0.002 nt 0.003 0.001 0.002
Dissolved Iron* 0.3 0.15 0.06 ND<0.05 nt nt nt nt nt nt nt nt nt nt nt nt 0.18 nt nt
Dissolved Manganese* 0.05 0.025 ND<0.02 ND<0.05 ND<0.005 0.046 0.22 0.075 0.38 0.45 0.21 0.067 0.12 0.28 0.015 nt 0.005 ND<0.005 ND<0.005
Dissolved Nickel 0.1 0.05 nt ND<0.05 ND<0.01 ND<0.01 ND<0.01 ND<0.01 ND<0.01 ND<0.01 ND<0.01 nt ND<0.01 ND<0.01 0.002 nt 0.003 ND<0.001 0.001
Dissolved Zinc* 5 2.5 nt ND<0.05 0.07 0.057 0.095 0.015 0.058 0.042 0.013 0.015 0.014 0.024 0.24 nt 0.23 0.084 0.2
Dissolved Arsenic 0.05 0.005 nt ND<0.010 ND<0.002 ND<0.01 ND<0.01 ND<0.01 ND<0.01 ND<0.01 ND<0.01 ND<0.01 ND<0.01 ND<0.01 0.003 nt ND<0.001 ND<0.001 ND<0.001
Dissolved Cadmium 0.005 0.0025 nt ND<0.005 ND<0.0005 ND<0.001 ND<0.001 ND<0.001 nt ND<0.001 ND<0.001 ND<0.001 0.002 ND<0.001 ND<0.001 nt ND<0.001 ND<0.001 ND<0.001
Dissolved Lead 0.015 0.005 nt ND<0.005 ND<0.001 ND<0.01 ND<0.01 ND<0.01 ND<0.01 0.01 ND<0.01 ND<0.01 ND<0.01 ND<0.01 ND<0.001 nt ND<0.001 ND<0.001 ND<0.001
Calcium NA NA nt nt nt nt nt nt 2.3 nt nt nt nt nt nt nt nt nt nt

Methylene Chloride 0.005 0.0005 ND<10 ND<2 ND<2 ND<2 ND<2 nt ND<2 nt nt ND<5 nt nt nt ND<5 nt 1600E 560

Parameter
(PPM unless noted) 11/3/03 6/17/04 10/28/04 12/1/05 5/6/06 10/6/06 5/7/07 10/7/07 5/8/08 10/24/08 5/15/09 10/22/09 5/10/10 10/13/10 5/25/11 10/26/11 5/8/12

pH** 6.1 6.1 ns ns nt 6.63 5.67 6.41 6.41 6.78 6.59 NR 6.15 6.49 6.03 6.63 6.70
Conductivity (µS/cm) ** 450 420 ns ns nt 391 329 128 128 413 92 108 83.4 223.3 83.8 387.6 599
Temperature (degrees C) nt nt ns ns nt nt nt nt nt nt nt nt nt nt nt 10.9 11.7
Depth to Water (feet btoc) NA NA nt nt ns ns nt nt nt nt nt nt nt nt nt nt nt 4.60 4.41
COD** 10 20 ns ns 121 60 ND<10 50 10 <10 28 290 29 27 11 18 nt
Chloride* 250 125 12 12 ns ns 1460 1 10 6 9 7 2.8 6.2 ND<2.5 5.7 4.3 12 6.2

Sodium* & ** (change of 10 ppm) 250 125 17 28 ns ns 17.6 ND<5 15 ND<5 16 13 2.3 2.7 1.9 10 2 12 13
Ca Hardness** change of 100 NA 170 180 ns ns nt nt nt nt nt nt nt nt nt nt nt nt nt
Dissolved Chromium 0.1 0.05 ND<0.001 ND<0.001 ns ns ND<0.002 ND<0.001 0.004 ND<0.001 0.002 ND<0.001 ND<0.02 ND<0.02 ND<0.005 ND<0.005 ND<0.005 ND<0.005 nt
Dissolved Copper 1.3 0.65 0.001 0.002 ns ns ND<0.05 0.002 0.01 0.002 0.002 ND<0.001 ND<0.02 ND<0.02 ND<0.02 ND<0.02 ND<0.02 ND<0.020 nt
Dissolved Iron* 0.3 0.15 ND<0.05 ND<0.05 ns ns 0.35 0.1 3.6 0.08 ND<0.05 ND<0.05 0.17 0.88 0.1 0.11 0.2 ND<0.020 ND<0.020
Dissolved Manganese* 0.05 0.025 ND<0.005 ND<0.005 ns ns 0.05 0.006 0.079 0.007 ND<0.005 ND<0.005 ND<0.02 0.15 ND<0.02 ND<0.02 ND<0.02 ND<0.020 ND<0.020
Dissolved Nickel 0.1 0.05 ND<0.001 0.002 ns ns ND<0.05 0.003 0.007 0.003 0.005 0.004 ND<0.02 ND<0.02 ND<0.005 ND<0.005 ND<0.005 ND<0.005 nt
Dissolved Zinc* 5 2.5 0.078 0.13 ns ns ND<0.01 0.047 0.045 0.033 0.013 0.007 ND<0.02 ND<0.02 ND<0.005 ND<0.005 0.007 ND<0.020 nt
Dissolved Arsenic 0.05 0.005 ND<0.001 ND<0.001 ns ns ND<0.002 ND<0.002 ND<0.001 ND<0.001 ND<0.001 ND<0.001 ND<0.002 ND<0.002 ND<0.001 ND<0.001 ND<0.001 ND<0.020 nt
Dissolved Cadmium 0.005 0.0025 ND<0.001 ND<0.001 ns ns ND<0.0005ND<0.0005 ND<0.001 ND<0.001 ND<0.001 ND<0.001 ND<0.002 ND<0.002 ND<0.002 ND<0.002 ND<0.002 ND<0.002 nt
Dissolved Lead 0.015 0.005 ND<0.001 ND<0.001 ns ns ND<0.002 ND<0.001 0.003 ND<0.001 ND<0.001 ND<0.001 ND<0.001 ND<0.001 ND<0.001 ND<0.001 ND<0.001 ND<0.001 nt
Calcium NA AN nt nt ns ns nt nt nt nt nt nt nt nt nt nt nt nt nt

Methylene Chloride 0.005 0.0005 ND<5 ND<5 ns ns nt nt nt nt nt nt nt nt nt nt nt nt nt

continued on next page

Notes:

Only detected or previously detected volatile organic compounds are listed. ns = not sampled = exceeds PAL

btoc = below top of casing nt = not tested during sampling round = exceeds VGES

ND<xx = Not Detected< Detection Limit * = secondary groundwater quality standards (mg/L  or ppm) = exceeds max acceptable change

VGES = Vermont Groundwater Enforcement Standard (December 2016) ** = maximum acceptable change (units as noted) 

PAL = Preventative Action Level (December 2016) *** = All perfluorinated compound values reported in ng/L.  Analysis via EPA Method 537 (short list)

NA = No VGES/PAL available VGES and PALs pertain to total metals and are provided for reference only

Results reported above detection limits are indicated in bold. E - The reported value exceeds largest calibration standard. Extrapolation of the calibration curve was employed to obtain the reported value.

VGES PAL

change of 5.6 deg C

MW-3

change of 1 ph unit

change of 100 µs/cm

change of 25 ppm

change of 25 ppm

change of 1 ph unit

change of 100 µs/cm

VGES PAL

SAMPLING DATE:

SAMPLING DATE:



GROUNDWATER QUALITY SUMMARY HALIFAX LANDFILL

HALIFAX, VT

Parameter
(PPM unless noted) 10/9/12 5/30/13 10/16/13 5/15/14 10/21/14 5/28/15 10/29/15 May-16 10/19/16 5/30/2017 10/25/2017 5/30/2018 10/23/2018

pH** 6.06 6.71 6.09 6.05 5.73 6.56 6.71 ns nt 7.04 6.51 6.55 6.53
Conductivity (µS/cm)** 293 215.6 625 358.1 187 376 340.6 ns nt 470.7 500 388 160.7
Temperature (degrees C) 11.5 15.7 11.3 12.5 13.2 10.7 13.0 ns nt 9.9 13.2 10.9 9.7
Depth to Water (feet btoc) NA NA 5.63 4.38 5.49 5.23 5.34 5.55 4.51 ns 6.87 5.07 4.85 6.50 5.62
COD** nt 22 nt nt nt nt nt ns nt nt nt nt nt
Chloride* 250 125 19 12 6.5 5.7 6.7 4.5 52 ns nt nt nt nt nt

Sodium* & ** (change of 10 ppm) 250 125 12 13 nt nt nt nt nt ns nt nt nt nt nt
Dissolved Chromium 0.1 0.05 nt ND<0.005 nt nt nt nt nt ns nt nt nt nt nt
Dissolved Copper 1.3 0.65 nt ND<0.020 nt nt nt nt nt ns nt nt nt nt nt
Dissolved Iron* 0.3 0.15 ND<0.020 ND<0.020 0.030 0.086 0.020 ND<0.020 ND<0.020 ns nt nt nt nt nt
Dissolved Manganese* 0.05 0.025 ND<0.020 ND<0.020 ND<0.020 ND<0.020 ND<0.020 ND<0.020 ND<0.020 ns nt nt nt nt nt
Dissolved Nickel 0.1 0.05 nt ND<0.005 nt nt nt nt nt ns nt nt nt nt nt
Dissolved Zinc* 5 2.5 nt ND<0.020 nt nt nt nt nt ns nt nt nt nt nt
Dissolved Arsenic 0.05 0.005 nt ND<0.001 nt nt nt nt nt ns nt nt nt nt nt
Dissolved Cadmium 0.005 0.0025 nt ND<0.002 nt nt nt nt nt ns nt nt nt nt nt
Dissolved Lead 0.015 0.0015 nt ND<0.001 nt nt nt nt nt ns nt nt nt nt nt

Perfluorobutanesulfonic acid (PFBS)*** NA NA nt nt nt nt nt nt nt ns ND<11 ND<6.6 ND<6.6 3.75 ND<6.6
Perfluorohexanesulfonic acid (PFHxS)*** nt nt nt nt nt nt nt ns ND<3.8 11.7 9.2 13.1 12.3
Perfluoroheptanoic acid (PFHpA)*** nt nt nt nt nt nt nt ns 2.06 22 13.2 41.2 15.1
Perfluorooctanoic acid (PFOA)*** nt nt nt nt nt nt nt ns 11.5 78.2 44.9 134 76.8
Perfluorooctanesulfonic acid (PFOS)*** nt nt nt nt nt nt nt ns 16.7 32.1 37 33.3 36.4
Perfluorononanoic acid (PFNA)*** nt nt nt nt nt nt nt ns ND<2.3 ND<1.5 ND<1.5 1.9 ND<1.5

Notes:

Only detected or previously detected volatile organic compounds are listed. ns = not sampled = exceeds PAL, at time of sampling

btoc = below top of casing nt = not tested during sampling round = exceeds VGES, at time of sampling

ND<xx = Not Detected< Detection Limit * = secondary groundwater quality standards (mg/L  or ppm) = exceeds max acceptable change, at time of sampling

VGES = Vermont Groundwater Enforcement Standard (July 2018) ** = maximum acceptable change (units as noted) 

PAL = Preventative Action Level (July 2018) *** = All perfluorinated compound values reported in ng/L.  Analysis via EPA Method 537 (short list). For PFHxS, PFHpA, PFOA, PFOS and PFNA, the VGES and PAL standards apply to the sum of these compounds.

NA = No VGES/PAL available VGES and PALs pertain to total metals and are provided for reference only

Results reported above detection limits are indicated in bold. E - The reported value exceeds largest calibration standard. Extrapolation of the calibration curve was employed to obtain the reported value.
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APPENDIX C 
 

Laboratory Report 
 








