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The Region 3 Office of the New York State 
Department of Environmental Conservation 
administers seven counties in the lower Hudson 
Valley of southeastern NY State.  Within this area, 
there are about 200 inactive MSW landfills and 
approximately 50 sites with engineered caps and 
groundwater monitoring programs.



At the Region 3 Office, groundwater quality monitoring data has 
been compiled for 42 sites.  This data was collected by private 
environmental consulting firms and submitted on behalf of the landfill 
operators which were primarily municipalities.



Elements of a Typical Landfill 
Groundwater Monitoring Program

• 1 or 2 upgradient wells
• 3 to 8 downgradient wells
• 15 to 25 rounds of 

sampling completed
• Analysis includes 21 

routine parameters,  40 
baseline parameters (not 
counting VOCs)

• This translates into 
thousands of individual 
measurements per site



A wealth of data but under-utilized

• Collected at substantial 
cost to municipalities: 50 
sites x 20 events per site 
(typ.) = 1000 events 
(total) x $5K per event 
(typ.)  = $ 5 million 
(total)

• Hard to access: not in 
digital form; hundreds of 
bound reports

• Inconsistent data quality
• Usable data must be 

“mined”



Unlined Landfills Water Quality Monitoring 
Evaluation Project – Goals & Objectives

• Mine the data from bound reports and convert to a digital 
format (e.g., Excel spreadsheet, GIS database)

• Reduce the volume of paper used and requiring storage
• Geo-reference the data
• Statistically evaluate the data
• Make data accessible to DEC staff, other agencies, 

research institutions, environmental stakeholders and 
the general public

• Use data from multiple facilities to evaluate the 
effectiveness of engineered landfill caps as a means of 
mitigating groundwater contamination at unlined landfills.



Part 360 Groundwater Quality Monitoring    
Analytical Parameter Lists

Routine Parameters List plus 
the following :
Color, Boron, Cyanide
Aluminum, Antimony, Arsenic
Barium, Beryllium, Chromium 
(Total Cr & Hex-Cr)
Cobalt, Copper, Mercury
Nickel, Selenium, Silver
Thallium, Vanadium, Zinc
Volatile Organic Compounds

Ammonia , TKN, Nitrate
COD, BOD5, TOC
TDS, Alkalinity, Hardness
Sulfate, Chloride, Bromide
Phenols
Iron, Manganese
Calcium, Magnesium, 
Sodium, Potassium
Cadmium, Lead

Baseline Parameters:Routine Parameters:

This presentation will focus on four parameters.



Based on leachate quality monitoring at the Al Turi Landfill in Orange 
County (63 individual samples):

20.0010.002Phenols

2.6250658Sulfate

20.750010,373TDS

21.22505289Chloride

21.5243.0Bromide

0.12101.15Nitrate

195.52391Ammonia

Dilution/Attenuation 
Factor (Ratio A/B)

B = Groundwater 
Standard (mg/L)

A = Average Concentration  
in MSW Leachate, (mg/L)Parameter

The dilution/attenuation factor (DAF) needed to ensure that leachate will 
not contravene a groundwater quality standard is calculated by dividing 
the average parameter concentration in the leachate by the groundwater 
quality standard.  For MSW leachate, ammonia has the highest DAF 
and is the parameter most likely to exceed its grou ndwater quality 
standard if leachate is released to the groundwater .



Upgradient Ammonia Concentrations
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Downgradient Ammonia Concentrations
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Ammonia is considered to be 
the best overall indicator of 
water quality impact 
attributable to unlined 
municipal solid waste landfills.  
These graphs were made by 
pooling data from upgradient
(top slide) and downgradient 
(lower slide) monitoring wells 
at 42 unlined MSW landfills.  
Ammonia exceeds the 
standard in about 3 % of the 
upgradient samples and in 54 
% of downgradient samples. 
(The lighter colored bars 
represent non-detects which 
are assigned a numeric value 
equal to the lab reporting 
limit.)



Iron & Manganese
� Naturally occurring and ubiquitous in 

groundwater
� Solubility is controlled by redox conditions: 

Soluble under reducing conditions, insoluble 
under oxidizing conditions

� Concentrations are higher in leachate-impacted 
groundwater than in leachate

� Concentrations in excess of the groundwater 
standard (0.3 mg/L) are often attributed to 
“background groundwater quality”

� These are the most sensitive indicators of 
landfill-derived groundwater quality impact



In the case of iron, median 
concentrations exceed the 
groundwater standard in 
upgradient as well as 
downgradient samples but 
the downgradient median 
is significantly higher.  In 
the case of manganese,  
the upgradient median is 
well below the groundwater 
standard and the 
differences between 
upgradient and 
downgradient groundwater 
concentrations are more 
pronounced.  Manganese 
appears to be more reliable 
than iron as an indicator of 
facility-related water quality 
impact. 
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Arsenic

� Like iron and manganese, arsenic is a 
naturally-occurring constituent of geologic 
formations which is mobilized by the 
reducing conditions associated with landfill 
leachate contamination plumes.

� Unlike iron and manganese, the 
groundwater quality standard for arsenic is 
based on human health rather than 
aesthetic considerations.



Upgradient Arsenic Concentrations
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Downgradient Arsenic Concentrations
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Based on pooled data 
from upgradient
monitoring wells at 42 
landfills,  background 
concentrations of 
arsenic in 
groundwater exceed 
the federal MCL 7% of 
the time.  By contrast, 
data collected in 
monitoring wells 
downgradient of the 
landfills show arsenic 
at levels which exceed 
the federal MCL about 
50 % of time.



Number of sites with elevated 
arsenic concentrations:

• At  3 out of 42 monitored landfill sites 
(7%), the median upgradient concentration 
of arsenic exceeds the federal MCL for 
drinking water (10 ug/L).

• At 19 of the 42 monitored sites (45%), the 
median downgradient arsenic 
concentration exceeds the federal MCL for 
drinking water.



Can arsenic contamination in groundwater downgradient of 
inactive landfills pose a threat to public health ?

2001 Orthophoto of Saugerties Landfill (width of fr ame is 0.5 miles) The 
blue arrow shows the direction of groundwater flow.  The yellow arrow 
points to an arsenic-contaminated residential water  supply well.  A 
corrective measures assessment was required resulti ng in replacement 
of the residential water supply well.  (Other wells  in the subdivision 
have shown elevated leachate indicators such as iro n, manganese 
and/or total dissolved solids.) 



A few words about sample turbidity:

In some cases, turbidity observed 
in groundwater samples is not an 
artifact of poor monitoring well 
design, well development or 
sampling technique.  Turbidity 
may be the result of iron floc
which forms in the bailer as it is 
removed from the monitoring well 
and is exposed to atmospheric 
oxygen.  These samples should 
not be filtered prior to metals 
analysis.  Filtering would remove 
the iron which is part of the 
groundwater sample as well as 
trace metals such as arsenic 
which co-precipitate with the iron 
due to the sudden change in 
redox conditions.



The Town of Southeast Landfill in Putnam County cea sed operation in 
1985 but was not capped.  As might be expected, eve n after 20 years of 
monitoring, downgradient ammonia concentrations do not show any 
significant improving trend.   (So much for “natura l attenuation”.)

T-Southeast Landfill - Ammonia in Groundwater

0

5

10

15

20

25

30

35

40

45
O

ct
-9

8
Ja

n-
99

A
pr

-9
9

Ju
l-9

9
O

ct
-9

9
Ja

n-
00

A
pr

-0
0

Ju
l-0

0
O

ct
-0

0
Ja

n-
01

A
pr

-0
1

Ju
l-0

1
O

ct
-0

1
Ja

n-
02

A
pr

-0
2

Ju
l-0

2
O

ct
-0

2
D

ec
-0

2
M

ar
-0

3
Ju

n-
03

S
ep

-0
3

D
ec

-0
3

M
ar

-0
4

Ju
n-

04
S

ep
-0

4
D

ec
-0

4
M

ar
-0

5
Ju

n-
05

S
ep

-0
5

D
ec

-0
5

M
ar

-0
6

Ju
n-

06
S

ep
-0

6
D

ec
-0

6
M

ar
-0

7
Ju

n-
07

S
ep

-0
7

 

C
on

ce
nt

ra
tio

n,
 m

g/
L 

  

Downgradient (MW-2)

Upgradient (MW-5)

Groundwater Standard = 2 mg/L



Hurley Landfill,  Ammonia in Downgradient Groundwat er
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R2 = 0.5466 

This slide shows the trend in downgradient ammonia concentrations at an unlined 
MSW landfill which was capped in 1996.  Based on th is analysis, it is apparent that 
capping has been effective in mitigating groundwate r quality impact at this 
particular landfill.  Before broad generalizations can be made, it will be necessary 
to evaluate the full range of leachate indicator pa rameters at as many different 
facilities as possible.   



At the same landfill,  unlike ammonia, iron concent rations show no apparent 
improvement in downgradient groundwater subsequent t o completion of the 
landfill cap.

Hurley Landfill, MW-6A
Iron 
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