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Executive Summary 

The Water Quality Control Division (WQCD) of the Colorado Department of Health 
(CDH) has responsibility under the Agricultural Chemicals and Ground Water Protection 

I
Program (SB 90-126) to conduct monitoring for the presence of commercial fertilizers and - - 

-- - __- - -pesticides inground waten-This data assists theComnSsiohef of Agricültüie iKdéièrmining 
whether agricultural operations are impacting ground water quality. This report describes 

I 	
the monitoring program for groundwater quality in one of Colorado's major agricultural 
regions, the South Platte River Valley. The Program initially sampled ninety six (96) 
domestic wells along the river from Denver to Julesburg (Figure 1). Each well was sampled 

I 	once between June and August, 1992. Well samples were analyzed for basic constituents, 
dissolved metals, and selected pesticides. The laboratory results and field data from the 
survey have been entered into the CDH Ground Water Quality Data System. Analysis of the 

I laboratory reports, particularly for the nitrate and pesticide data, indicates that ground water 
in several areas of the study has been impacted by various agricultural chemicals. The major 
inorganic contaminant of concern is nitrate. Thirty three percent (33%) of the domestic wells 

I 	sampled showed nitrate levels in excess of the EPA standard for drinking water (10 mgfL) 
(Figure 2). The majority of the wells that exceeded the drinking water standard were located 
in three areas: Brighton to Greeley, western Morgan County, and Sedgwick County (Figure 

I 	4). Seven different pesticides were detected, but only one well contained a pesticide at a 
level higher than the EPA drinking water standard. This pesticide, alachlor, was detected at 
a level of 3.09 ugfL; the MCL for alachlor is 2.0 ugIL. The only pesticide detected in a 

I 	significant number of wells was atrazine (Table 2). Of the ninety six (96) wells sampled, 
nineteen (19) wells showed a trace of atrazine (detectable, but not in measurable quantity) 
(Figure 5). Seven (7) wells had measurable levels of atrazine, although none of these 
exceeded the EPA standard for drinking water (Figure 6). Atrazine is a common herbicide 
used extensively on corn in Colorado, with over one million pounds of active ingredient used 

I 	
per year. 

After initial analysis of the data from the screening survey it was decided to do a 
follow-up sampling for nitrate in Morgan and Sedgwick Counties. Because of the extensive 
monitoring in the BrightonlGreeley area being conducted by other agencies, this area was not 
resampled. In Morgan County, the seventeen (17) original wells sampled in 1992 were 

I 	
resampled and seventeen (17) new wells were added. In Sedgwick County, the eight (8) 
wells sampled in 1992 were resampled and five (5) new wells were added. The resampling 
indicated little or no change in nitrate levels from one year to the next (Figure 8). The 

I 
results also confirmed that nitrate levels exceeded the drinking water standard in both areas 
(Figure 9). This report provides the details of the monitoring effort in the South Platte River 
alluvial aquifer to the Commissioner of Agriculture. Sections describing the area sampled, 
the protocol for sampling and analysis, and the results of the analysis are provided. 
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• 	 LIST OF ACRONYMS USED IN THIS REPORT - 

I CDH 	Colorado Department of Health 

CSU 	Colorado State University 

EPA 	United States Environmental Protection Agency 

I GIS 	Geographic Information System 

MCL 	Maximum Contaminate Level 

mg/L 	Milligrams per Liter (for water equivalent to parts per million) 

NWQL 	National Water Quality Laboratory 

QA 	Quality Assurance 

QC 	Quality Control 

SB 90-126 	Senate Bill 90-126 of the Colorado General Assembly 

ugfL 	Micrograms per Liter (for water equivalent to parts per billion) 

WQCD 	Water Quality Control Division of the Colorado Department of Health 

is 



Introduction 

The Water Quality Control Division (WQCD) of the Colorado Department of Health 
(CDH) has responsibility under the Agricultural Chemicals and Ground Water Protection 
Program (SB 90-126) to conduct monitoring for the presence of commercial fertilizers and 
pesticides in ground water. The Agricultural Chemicals Program has been established to 
provide current, scientifically valid, ground water quality data to the Commissioner of 
Agriculture. Prior to passage of SB 90-126, a lack of data had prevented an accurate 
assessment of impacts to groundwater quality from agricultural operations. This program 
will assist the Commissioner of Agriculture in determining to what extent agricultural 
operations are impacting ground water quality. The program also assists the Commissioner 
in identifying those aquifers that are vulnerable to contamination. The philosophy adopted is 
to protect ground water and the environment from impairment or degradation due to the 
improper use of agricultural chemicals, while allowing for their proper and correct use. 

This report has been prepared for the Commissioner of Agriculture to provide a 
summary of the monitoring work completed in the South Platte alluvial aquifer in 1992-1993. 
This report details the monitoring work required by SB 90-126, including an evaluation of 
possible impacts to ground water quality from current and past use of agricultural chemicals in 
the lower South Platte River Basin (Denver to Julesburg). 

The scope of this project involves the collection and laboratory analysis of ground 
water samples. This monitoring program was planned to meet the objectives necessary for a 
preliminary determination of the existence of agricultural chemicals in the ground water in a 
safe, cost effective, and timely manner. 

The ground water quality sampling program is intended to IbIfill the following 
objectives: 

Determine if agricultural chemicals are present in the ground water. 
2. Provide data to assist the Commissioner of Agriculture in the identification of potential 

agricultural management areas. 

The factors considered in the choice of the lower South Platte River Basin as a study 
area are: 

The South Plane River Basin is a major agricultural area of Colorado. 
The ground water in the alluvial aquifer within this area is shallow in depth. 
The area is heavily irrigated by both surface water diversions and ground water 
pumpage. 
The soil types are conducive to leaching. 
The alluvial and shallow bedrock aquifers are utilized for irrigation and domestic water 
supplies throughout the basin. 



6. The Colorado Department of Agriculture and Colorado State University Extension 
have chosen the South Platte as the site for initial development of Best Management 

I. 	
Practices. 

Based on the land use and hydrogeologic factors, the potential exists for migration of 	- 

-I- - - 	agricultural chemicalsintothe ground-water-in this area. -Iwaddition, this areaisdun'ehtlsithe 
• 	 subject of other scientific research into agricultural impacts to ground water quality. 

During the preliminary planning for sampling, CDH contacted interested parties to 
inform them of the sampling program and SB 90-126, and how we envisioned its 
implementation. CDH has coordinated closely with federal agencies, county extension 
agents, conservancy districts, and local health officials in the project area. 

Ground Water Monitoring Program 

The monitoring program presented in this report focused on groundwater quality 
monitoring in one of Colorado's major agricultural regions, the South Platte River Valley. A 
map of the study area and sample locations is provided in Figure 1. The monitoring program 
included sample collection, laboratory analysis, and data analysis and storage. Upon 
completion of the full analysis, which will include integration with previous and current 
studies by other agencies, this sampling program will provide the basis for determining a 
groundwater quality baseline for this region. 

The Ag Chemicals Program of the Water Quality Control Division sampled ninety 
six (96) domestic wells along the South Platte River from Denver to Julesburg. This 
sampling program was the first effort to monitor the entire lower South Platte alluvial 
aquifer to establish the possible impacts and magnitude of agricultural chemical 
contamination. This region is characterized by intense irrigation agriculture encompassing 
both surface water diversions and wells for irrigation water supplies. The wells supply 
surface and center-pivot irrigation systems from the shallow alluvial aquifer along the river. 

Wells were selected for sampling based on the following factors: permitted for 
domestic or household use, located within the valley fill aquifer of the South Platte River or 
one of its major tributaries, and cooperation of the well owner. The wells were sampled 
once between June and August, 1992 by Brad Austin and John Colbert of CDH. Field 
sampling procedures followed the protocol developed by the Ground Water Quality 
Monitoring Working Group of the Colorado Nonpoint Task Force. 

'I Well samples were analyzed for basic water quality constituents, dissolved metals, 
and sele cted pesticides. A list of analytes is presented in Table 1. The basic inorganic 
analysis was performed by the Soils Laboratory at CSU with all samples split with the 

' 	 Colorado Department of Health Laboratory for nitrate and total dissolved solids for quality 
• 	 control evaluation. Comparison of these split parameters shows consistent results between 

the two laboratories. 
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Taii 1 - List Of Analytes 

South Platte River Alluvial Aquifer 
Ground Water Monitoring, 1992_ - 	 - - -- 

BASIC WATER QUALITY DISSOLVED METALS 
CONSTITUENTS 

Boron Aluminum 
Bicarbonate Barium 
Calcium Cadmium 
Carbonate Chromium 
Chloride Copper 
Magnesium Iron 
Nitrate Lead 
pH Manganese 
Sodium Nickel 
Specific Conductance (TDS) Molybdenum 
Sulfate Phosphorous, total 
Potassium Zinc 
Alkalinity, total 
Solids, Total Dissolved 
Hardness, total 

PESTICIDE COMPOUNDS 

Trade Name Use Trade Name Use 

Atrazine Herb Ambush/Pounce Insect 
Balan Herb Diazinon Insect 
Bladex Herb Furadan Insect 
Dacthal Herb Lannate Insect 
Eptam Herb Lorsban Insect 
Evik Herb Malathion Insect 
IPC Herb Parathion Insect 
Lasso Herb Penncap-M Insect 
Lexone/Sencor Herb Sevin Insect 
Ro-Neet Herb Bayleton Fungi 
Sinbar Herb Bravo Fungi 
Sonnalan Herb Temik Nematode 
Treflan Herb 
Velpar Herb 

1 	 4 



In addition to the inorganic constituents, all of the groundwater samples collected 
were analyzed for selected pesticides. A listing of pesticides was compiled for analysis 
based on those substances that have recently been, or are currently being utilized in the South 
Platte Valley according to agricultural officials there. Budget restrictions would not allow 
testing for all pesticides used in the study area. To reduce the analysis cost, each pesticide 
was weighted according to its chemical properties of persistence and mobility in the 
environment, amount of active ingredient used per acre, and the amount of acreage within 
the study area that pesticide was used on. Pesticides were then selected according to their 
final score and the ability of the laboratory to detect their presence. 

Ground Water Monitoring Results 

The results from this sampling program have been entered into the CDH 
Groundwater, Quality Data System, a database specifically designed and maintained by the 
WQCD to store ground water quality data. Reports may be generated from the database on 
ground water quality in any area of the state from all data sources available. A complete 
printout of all water quality data from this survey is provided in Appendix A. A sample 
report on results, from an analysis done for this survey, is provided in Appendix B. 

Analysis of the laboratory results indicates that ground water in portions of the study 
area has been impacted by nitrates and certain pesticides: The major inorganic contaminant 
of concern is nitrate. Thirty three (33) of the ninety six (96) domestic wells sampled (35%) 
showed nitrate levels in excess of the EPA standard for drinking water (10 mgfL) (Figure 2). 
Fifty five (55) wells (57%) tested positive for nitrate but were below the EPA standard. 
Only eight (8) wells tested below the detection level of 0.5 mgfL. 

8% 
Nitrate beIo 
detection Ie 
(<0.5 mg/L) 

57% 

Nitrate present 
(0.5 -9.9 mg!L) 

35 % 

Jitrate exceeds EPA 
Irinking water standard 

(10 mgIL) 

Ficui 2 - Nitrate levels in domestic wells Pie chart showing 
distribution of nitrate levels in domestic well survey, South 
Platte alluvial aquifer, 1992. 
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Ficuru 3 - Trend of nitrate levels in domestic weUs Graph showing 
the variation of nitrate levels in domestic wells along the 
South Platte River from Denver to Julesberg, 1992. 
Drinking water standard for nitrate is 10.0 mgfL. 

Figure 3 is a plot of the nitrate levels as you move downstream along the South 
Plane River from Denver to Julesburg. Immediately below Denver, in Adams County, levels 
are well below the standard. Just below Brighton the levels begin to increase and an area 
from Brighton through Greeley shows several wells above 20 mg!L with the average level 
consistently above the standard of 10 mg/L. Around Wiggins in western Morgan County, a 
second area of elevated nitrate appears in the data. Nitrate levels then decrease through 
eastern Morgan and Logan County with the exception of two isolated wells at Sterling and 
Crook. As we move into Sedgwick County the nitrate levels once again begin to increase 
with the overall average rising above the drinking water standard. A map prepared on a 
geographic information system (GIS) is shown in Figure 4. Areas on the map have been 
color coded according to the nitrate level measured in the well. White or blank indicates 
below detection level or no data. Green indicates nitrate present in the sample but below the 
standard of 10 mg/L. Yellow, orange, and red indicate nitrate levels in the 11-20 mgfL, 
21-30 mg!L, and 3140 mgfL ranges respectively. The elevated nitrate levels (above the 
EPA drinking water standard) appear in three distinct areas: the Brighton to Greeley reach of 
the aquifer, an area in western Morgan County around Wiggins, and Sedgwick County. 
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Examination of the pesticide data reveals that seven different pesticides were detected 
in the South Platte alluvial aquifer. Of the ninety six (96) wells sampled, only one well 

' 	 contained a pesticide at a level higher than the EPA drinking water standard. This pesticide, 
alachlor, was detected at a level of 3.09 ugfL; the MCL for alachlor is 2.0 ugfL. Several 
wells had detectable levels of the pesticide atrazine (Table 2). Nineteen (19) wells showed a 
traceof atrazine (detectable by the lab, but not in measurable quantity), and seven (7) wells 

- - had measurable levels of atrazine. None of these atrazine levels exceeded the EPA standard 
for drinking water of 3.0 ugfL, (Figure 5). The location of all eight (8) pesticide detections 
above the trace level areplotted in Figure 6. 

A GIS map of the atrazine concentrations is shown in Figure 7. Areas on the map 

I have been color coded according to the atrazine level measured in the well. White or blank 
indicates no data. Green indicates below the detection level of 0.05 ug(L. Yellow areas 

I 	
show atrazine present in the sample at the trace level (0.05 - 0.5 ugfL). Orange and red 
indicate atrazine levels in the 0.51-1.00 ugfL and 1.01-2.00 ugIL ranges respectively. Due to 
the widespread nature of the detections of atrazine in the South Platte alluvial aquifer, the 

I 
occurrence of this pesticide appears to result from non-point sources. Atrazine is a common 
herbicide used extensively on corn, with over one million pounds of active ingredient used 
per year in Colorado. Water quality studies in other states and nationally have also detected 
atrazine as a common pesticide in surface and ground water. 

TABLE 2 - Summary of Pesticide Detections and Drinking Water Exposure 

Number of wells 
	

(ugIL) 

Pesticide Trace DW Present DW MDL PQL 

Alachior - 1 0 1 0 0.3 2.5 

Atrazine - 19 9 7 4 - 0.05 0.5 

Benefin - 1 0 0  0.03 0.3 
DCPA 1 1 0 - 0.03 0.3 

Diazinon - 1 0 0  0.2 2 

EPTC - 1 0 0 - 0.05 0.5 

Hexazinone - 1 1 0  - 0.15 1.5 

MDL - Method Detection Level. Lab instrument can detect the presence of a compound at this level. 
PQL - Practical Quantification Level. The concentration, at or above which, lab can quantify results. 
ug/L  - Micrograms per liter. Units of measurement for pesticide concentrations. In water, equivalent 

to parts per billion. 
Trace - Well sample contained a pesticide at a concentration above MDL but below PQL. 
Present - Well sample contained a pesticide at or above the PQL. 
DW - Number of wells with that pesticide that are a drinking water source. 



73% 

Atrazine beli 
detection Iti 

(<0.05 ug/L) 

20% 

Mrazine detected 
in trace amounts 

(0.05 -0.5 ug!L) 

7% 

Atrazine present 

(0.53 - 1.38 ug/L) 

MCL Atrazine c3.O mgfl.. 

FIGuRE 5 - Atrazine levels in domestic wells Pie chart showing 
disthbution of atrazine levels in domestic well survey, South Plane 
alluvial aquifer, 1992. 

The WQCD intends to include, in the final analysis of the South Platte alluvial 
aquifer, all available ground water quality data. Results from previous and on-going studies 
by other agencies in the area will be integrated into this analysis. 
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Follow-up Sampling 

I The follow-up sampling program was conducted in May, 1993, to resample a portion 
of the original South Platte study area. Analysis of the nitrate data had indicated three areas 

- 	 where nitrate levels exceeded the drinking water standard of 10.0 rng/L. Thee three areas - - -- - - 

I -  - - - wer&the Brighton to Greeley reach of theaquifeçaii áïéà in wéiem Morgan County around 
Wiggins, and Sedgwick County. The Platteville-Gilcrest-Greeley area has been monitored in 

I 	
recent years by two other agencies, the North Front Range Water Quality Authority 
(NFRWQA), and the Central Colorado Water Conservancy District (CCWCD). The U. S. 

- Geological Survey (USGS) is currently monitoring the area under the National Water Quality 

I 	Assessment (NAWQA) program. Since these other studies will eventually be incorporated 
into the final analysis, it was determined best to spend our limited resources on the other two 
areas where less work had been done. The follow-up sampling program consisted of 

I 	resampling a majority of the original wells in Morgan and Sedgwick Counties, plus adding 
additional wells to improve the sampling density. In all, forty seven (4wells were sampled 
for nitrate. The resampling program was designed to determine if th&Eontamination originally 

I 	detected was a widespread non-point source occurrence or only a coincidence of randomly 
selecting a few wells with high nitrate levels. The 1993 results confirmed that nitrate levels 
exceeded the drinking water standard in both counties. In Morgan County, thirteen of thirty 

I 	four (38%) of the wells had nitrate levels in excess of the EPA drinking water standard of 10 
mgfL, with only two wells (5%) showing no nitrate. In Sedgwick County, five of thirteen 
(38%) of the wells had nitrate levels in excess of the EPA drinking water standard of 10 

I 	mgfL. All Sedgwick County wells had some level of nitrate present. The resampling also 
indicated little or no change in nitrate levels from one year to the next in those wells that had 
been sampled both years (Figure 8). 
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Ftcui S - Comparison of nitrate levels 1992-1993. Chart showing 
variation of nitrate levels from 1992 to 1993 in Morgan and Sedgwick 

I Counties, South Platte River alluvial aquifer. 
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A revised GIS map of the nitrate concentrations (Figure 9) was prepared to include 
the results of the additional nitrate data obtained in 1993. Areas on the map have been color 
coded according to the nitrate level measured in the well. White or blank indicates below 
detection level or no data. Green indicates nitrate present in the sample at or above the 
detection level of 0.5 mgfL, but below the EPA drinking water standard of 10 mgfL. 
Yellow, red, and dark red indicate nitrate levels in the 10-19 mgfL, 20-29 mgIL, and 30 + 
mgfL ranges respectively. 

In Morgan County, an additional seventeen (17) wells were added to the seventeen 	 I (17) wells sampled in 1992. With double the original well density, the elevated nitrate area 
first observed around Wiggins has now expanded. The 1993 resampling confirms that an 
area of elevated nitrate levels exists in western Morgan County. 	 1 

In Sedgwick County, an additional five (5) wells were added to the eight (8) wells 
sampled in 1992. Again the additional sample points slightly expanded and confirmed an 
area of elevated nitrate levels centered about Ovid. 

13 
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1 	Sampling Area Description And Characteristics 

I SAMPLING AREA LOCATION AND DESCRIPTION 

The sampling area includes the South Platte River valley from the northern part of 
- - - 	DenverCounty, to the CoibraBo - Nebraska border in Sedgwick County. The area is 

approximately 200 miles in length and occupies about 950 square miles. 

AGRICULTURAL HISTORY AJ'1t) WATER USE IN THE AREA 

I The agricultural economy of the South Platte river basin is based on irrigated and dry 
land farming, and livestock production. The principal irrigated crops are corn, alfalfa, dry 

I 	
beans, sugar beets, potatoes, and garden variety vegetables. Small grains, chiefly wheat, are 
the principal dry land farm crops. The livestock consists mostly of beef and dairy cattle 
although some hogs, sheep and poultry are raised. 

I Several large canals for diverting water for irrigation were constructed in the late 
1800's. Water for irrigation is also diverted from several reservoirs built around 1900. 

I 	Because shortages of surface water occur during years of low runoff and the timing of runoff 
does not coincide with irrigation requirements, irrigation wells have been drilled in the valley 
to supplement the surface-water supply. In some areas groundwater pumped from wells is the 

I sole supply for irrigation. 

Many of the towns and some industries in the area also obtain water from wells. 

I 	Although nearly all the large-capacity wells are in the valleys, small-capacity domestic and 
stock wells have been constructed both in the valleys and on the uplands since early settlement 
of the region. The upland areas that are without adequate surface or groundwater supplies for 

I irrigation total about 400,000 acres and are used largely for dry land farming and for grazing. 

The principal industries in the area are related to the processing of agricultural 

I 	products; they include sugar-beet processing plants, canneries, alfalfa mills, vegetable 
warehouses, and creameries. A few plants produce construction materials and fertilizers. 
Deposits of sand and gravel are exploited for the fabrication of concrete products and 

I building roads. 

I GEOLOGY 

The rocks that crop out in the lower South Platte River Valley are sedimentary and 

I 	range in age from Late Cretaceous to Recent. The oldest rocks, which are of Late Cretaceous 
age, are the Pierre shale, the Fox Hills sandstone, and the Laramie formation. Most of the 

I 	
major valleys contain Quaternary deposits of alluvium, terrace deposits, and dune sand. 

The alluvium in the South Platte River valley was deposited in a channel eroded into 

I 	
the underlying bedrock and consists mainly of heterogeneous mixtures of clay, sand, and 

15 



gravel, or lenses of these materials. Pebbles, cobbles, and boulders occur as erratics. The 
particles generally are well rounded to subrounded and range from well sorted to poorly 

I 	sorted. Extensive lenses of clay are present within the alluvium. These clay lenses are most 
prevalent in the tributary valleys and probably represent shallow-lake deposits. The lenses of 
silt, sand, and gravel were deposited by braided streams as they aggraded their channels. IhQ_ 

- 

	

	- ._materials in the South Platte Rivervalley generally ar6coa?sefthanih6seIh the tributary 
valleys and contain fewer clay lenses. The thickness of the alluvium ranges from less than a 

I
foot to more than 290 feet in some areas. 

Alluvium is present in the South Platte River valley both as Pleistocene and recent 

I 	
terrace deposits and as recent flood-plain deposits. Terrace deposits form the major portion of 
the alluvium in the South Plane River valley and its tributaries. In the area covered by this 
study, the terraces are present throughout the South Platte river valley on both sides of the 

I river and in all the major tributary valleys. 

Dune sand covers a large part of the area included in this study. It consists 

I 	predominantly of very fine to medium sand and includes some coarse sand, but it also contains 
some silt and clay. The thickness of the dune-sand deposits ranges from less than 1 foot to 
more than 100 feet; where the dunes are actively migrating the thickness may differ 

I considerably in a few years. 

I
HYDROGEOLOGY 

The alluvium contains the major available supply of ground water in the area covered 

I 	
by this study. Throughout the South Plane River valley and its tributary valleys, these deposits 
form an almost continuous unconfined aquifer that is in hydraulic connection with the South 
Plane River. Because of its high permeability, the alluvium yields large quantities of water to 

I wells in many parts of the area. Most of the irrigation wells obtain their entire yield from the 
alluvium. Supplemented by water supplied through trans-mountain diversions, the river and 
alluvial aquifer supply nearly all of the water used in the area. 

I In general the areas of dune-sand deposits are good infiltration areas for recharge to 
the underlying alluvial material. However, the few wells in dune-sand areas yield only small 

I 	quantities of water. In areas where small saturated thickness of dune sand is underlain by 
impervious material, a few wells have been drilled through the sand into the impervious 

I
material, thus providing a small reservoir for the accumulation of water. 

HYDROLOGY 

I In the South Platte River valley, surface water and ground water are two components 
of one hydraulic system. The valley-fill aquifer is recharged by precipitation, applied irrigation 

I 

	

	
water, and leakage from canals and reservoirs. Recharge to the aquifer from irrigated land is 
from 45 to 50 percent of the applied irrigation water and precipitation. Ground water 
withdrawals lower the water table and tend to reduce flow towards the river and, locally, 

1 	 16 



under heavy pumpage, may temporarily lower the water table sufficiently to reverse the 
ground water gradient and cause water to flow from the stream to the aquifer. 

The surface water supply has been augmented by diversions to the South Platte River 
drainage basin from the Colorado River and Lararnie River basins. Ground water return flows 
that augment the flow of the river are the direct result of recharge from applied irrigation 
water. Prior to the practice of diverting surface water for irrigation, ground water levels were 
not high enough to maintain river flow throughout the year for the length of the river. In some 
areas the sand and gravel did not contain any water at all. With the application of surface 
water for irrigation, water began percolating into the alluvium beneath the fields and the water 
table rose. As a result of consumptive losses, due to evaporation and evapotranspiration, 
recharged ground water is higher in dissolved solids than the applied irrigation water. This 
creates a general increase in dissolved solids concentration in a down-gradient and 
down-valley direction within the alluvial aquifer. 

A long term water budget of streamfiow shows the South Platte River to be a gaining 
stream as a large part of the ground water recharge ultimately seeps into the river. Therefore 
the trend in surface water quality is an increase in dissolved solids concentrations in the river 
in a down-valley direction. 

IRRIGATION PRACTICES 

With the exception of dry land wheat, most crops in the area are irrigated. The main crops 
grown in the study area and their irrigated acreage is: 

 Corn 396,000 
 Hay 203,000 
 Dry Beans 71,000 
 Sugar Beets 38,950 
 Wheat 32,500 
 Barley 27,500 
 Oats 8,000 
 Sorghum Grain 1,800 

The data for irrigated acreage in the study area by crop were based on 1989 
agricultural statistics data from the Colorado Department of Agriculture. 

METEOROLoGY 

Based on U.S. Weather Bureau data, the climatic regime of the surrounding area 
would be classified as semi-arid. Mean annual precipitation in the area ranges from 
approximately 14 inches to 16 inches per year. Over 75 percent of the precipitation occurs 
during the period of April through September. Based on published information from the 
Colorado State Engineer's Office, the 100 year 24 hour precipitation event is approximately 
4.5 inches and the 10 year 24 hour precipitation event is 3 inches. Normal annual Class A pan 
evaporation for this area is approximately 65 inches to 70 inches per year with the majority 
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I occurring during the May through October period. The general prevailing wind direction 

I
pattern is from the north and northeast. 

Field Operations 

1 -- --
- SCHEDULING 	- - 	- - 	- 

I All wells were scheduled for sampling by Water Quality personnel during the early 
summer of 1992. The exact dates for sampling were subject to laboratory schedules, sample 

I
holding times, well owner availability, and travel times. 

MoNrrolur4G WELL SELECFION 

I The rationale used in selecting wells for this monitoring project are listed below. 

I 1. Low flow, shallow depth wells; in general, wells permitted or used for domestic 
purposes; 

2. Completed within the South Plane Alluvial Aquifer; 

I 	3. Location generally down gradient with respect to agricultural activities; 
Depth to ground water less than 150 feet, generally less than 75 feet; 
Well currently in use or at least has a working pump installed; 

I 	6. Direction of ground water flow; 
7. Wellhead and casing in good physical condition and availability of completion 

information documentation; 

1 	8. Wellhead area free of point sources of contamination; 
9. Well owner consent to participate in the monitoring program; 

I The ground water contaminants that may be encountered in the area include nitrates, 
high levels of total dissolved solids, dissolved metals, and pesticides. 

I KEY PERSONNEL 

I The sampling survey was conducted by: 

Brad Austin, Ground Water Geologist and Program Manager 

I John Colbert, Physical Sciences Tech 

I
SITE ACCESS AND LoGIsTICs 

Access to the sampling sites and scheduling with land owners will be the responsibility 

I 	of the field personnel. Consent for access to the property and for sampling the well will have 
been received prior to site entry. 
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Quality Assurance I Quality Control 

SAMPLE COLLECFION METHODS 

All samples were collected in accordance with the Non-Point Source Task Force 
protocol for sampling of ground water. Samples were collected from existing wells via 
outside hydrants or whatever means available prior to any type of treatment (i.e. water 
softener). Prior to purging the well for sampling purposes, the water level was measured and 
recorded to the nearest +/- 0.01 foot when access to the wellhead was possible. As a rule of 
thumb, three times the volume of water in the well casing plus any volume contained within 
the associated piping was purged prior to sampling. Rather than attempt to calculate these 
volumes, a determination of when fresh formation water has reached the point of sampling 
was verified by measuring pH, conductivity and temperature. A field portable instrument for 
measuring pH, conductivity and temperature was used for this purpose at each well site. For 
each well, the pH, conductivity and temperature were measured at periodic intervals 
(approximately every 5 minutes) while the well was being purged. Water samples were 
collected when solution chemistry of the ground water had stabilized such that three 
consecutive readings were within 5 % . It can be reasonably assumed that a stabilization in 
the values of these parameters indicates that the casing and piping have been purged and fresh 
formation water had reached the sampling point. 

Negative bias (loss of constituent) is of significant concern in sampling for volatile 
compounds. Therefore great care was taken in sample collection to minimize degassing by 
operating the sampling port at a low volume. Samples for volatile constituents and those 
samples which require field filtration were collected first. Samples for nitrate and inorganic 
analysis were collected next. Water samples for dissolved metals analysis were filtered in the 
field with a 0.45 micron size filter. 

In addition, the sampling team collected quality assurance samples consisting of field 
blanks, periodic duplicate samples, and spiked samples. Field blanks were utilized for field 
QA/QC performance and subjected to all conditions to which the samples were exposed. 
Duplicate and spiked samples were prepared for lab calibration checks. 

The following types of samples were provided for quality assurance: 

Field Blank 

A blank ground water sample was periodically collected to check field 
decontamination procedures. The blank was prepared by pouring laboratory supplied 
deionized water through decontaminated sampling equipment following the collection 
of possible contaminated samples. 

Duplicates 

Random duplicate groundwater samples were collected to compare laboratory analysis 
procedures as well as sample collection procedure. 

ITE 



Splits 

For one day in Weld County, the USGS traveled with the sampling crew to observe 
our sampling methods. Splits were provided to the USGS during this time and 
independently analyzed by their lab. This provided yet another quality check on the 

-- - - 	siplingand1ahanalysis. --- ---- -
- - - - - - 	 - - -- - 

Spikes 

Up to five pesticide spiked samples were submitted to the organic laboratories for lab 
QAJQC. These spiked samples were prepared in duplicate in accordance with 
instructions provided by the manufacture of the spiking kits. 

Ground water samples were protected from undue exposure to light during handling, 
storage, and transport. Samples were stored on ice to prevent temperature extremes and 
transported to the CDII, NWQL, or CSU laboratory and analyzed within the recommended 
holding periods. Documentation of actual sample storage and treatment were handled as part 
of the chain of custody procedures. 

DECONTAMINATION PROCEDURES 

Wells were sampled to minimize the potential for cross contamination. 
Decontamination procedures were adhered to between each sampling event. All common 
sampling equipment was decontaminated prior to and between all sampling events by washing 
with a nonphosphate detergent and triple rinsing with deionized water. Since pesticides were 
the constituents of most concern due to the low levels detectable, no sampling equipment was 
common between wells for the pesticide sampling. 

CONTROL OF CONTAMINATED MATERIALS 

The sampling team disposed of all wastes produced during the investigation in 

I 

	

	accordance with Federal and State regulations. Disposable sampling equipment was bagged, 
removed from the site, and disposed of as a non-hazardous material. 

I LABORATORY ANALYSES 

I
All water samples were analyzed for selected pesticides currently used in the area, 

basic ino rganic minerals including nitrate, and dissolved metals. Table 3 provides a listing of 
the laboratories used, the chemicals analyzed by each, and their detection limits. All collected 

I  samples (classified as environmental samples) were transported to the designated laboratory as 
medium hazard and analyzed accordingly. EPA analytical methods for each parameter group 
were as follows: 

I pesticides 	extraction: GC/ECD 
metals 	 ICP / GFAA 

I 	inorganics 	varies with analyte 
20 
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Table 3 - Laboratories, Methods and Detection Levels 

Colorado Department of Health Organic Laboratory - Pesticide Compounds 

Pesticide Pesticide Pesticide Chemical EPA PQL 	 U 
Trade Name Common Name Use Type Method (ugfL) 

Lasso Alachior Herb OrganoCL 507 2.0 
Atrazine Atrazine Herb Triazine 507 0.5 
Balan Benefin Herb OrganoFL 508 0.3 
Bravo Chiorothalonil Fungi Nitrile 508 0.25 
Lorsban Chiorpyrifos Insect OrganoPH 8140 0.5 
Bladex Cyanazine Herb Triazine 507 2.5 
Dacthal DCPA Herb OrganoCL 508 0.3 
Diazinon Diazinon Insect OrganoPH 507/8140 2.0 
Eptam EPTC Herb Carbamate 507 0.5 
Sonnalan Ethalfluralin Herb OrganoFL 508 0.3 
Velpar Hexazinone Herb Triazine 507 1.5 
Penncap-M Parathion methyl Insect OrganoPH 8140 0.5 
Ambush/Pounce Permethrin Insect OrganoCL 508 2.5 
Treflan Trifluralin Herb OrganoFL 508 2.5 

Anzinphos methyl Insect OrganoPH 507/8140 2.5 
Endosulfan I Insect 508 0.1 
Endosulfan II Insect 508 0.1 
4,4-DDD Insect OrganoCL 508 0.1 	1 4,4-DDE Insect OrganoCL 508 0.1 
4,4-DDT Insect OrganoCL 508 0.1 
Aidrin Insect 508 0.75 
Dieldrin Insect OrganoCL 508 0.1 
Endrin Insect OrganoCL 508 0.1 
Heptachlor Insect OrganoCL 508 0.05 
Heptachior epoxide Insect OrganoCL 508 0.05 
Lindane Insect OrganoCL 508 0.05 
Methoxychior Insect OrganoCL 508 0.5 	 1 

CDH Inorganic Laboratory - Analysis 

Chemical Compound 	 Method 	 Lowest Reportable 
Concentration (mgfL) 

Nitrate 	 Technicon 	 0.5 	 I Solids, Total Dissolved 	 Gravimetric 	 10.0 

I 
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Table 3, continued - Laboratories, Methods and Detection Levels 

U. S. Geological Survey National Water Quality Laboratory - Pesticide Compounds 

I Pesticide Pesticide Pesticide Chemical EPA PQL 
Trade Name Common Name Use Type Method (ugfL) 

Aldicarb Insect Carbamate 531.1 .1.0 I
Temik 
- - 

- 	 Aldicarb sulfon6 - 	 - Carbamate 531.1 2.0 
Aldicarb sulfoxide Carbamate 531.1 2.0 

Baygon Propoxur Insect Carbamate 531.1 1.0 I 	Sevin Carbaryl Insect Carbamate 531.1 2.0 
Furadan Carbofuran Insect Carbamate 531.1 1.5 

3-Hydroxycarbofuran Carbamate 531.1 2.0 I Methiocarb Insect Carbamate 531.1 4.0 
Lannate Methomyl Insect Carbamate 531.1 0.5 

I Oxamyl Insect Carbamate 531.1 2.0 

Colorado State University Soils Laboratory - Minerals and Dissolved Metals Analysis 

Basic Water Quality Parameters 	Method 	 Reporting Limit (ingfL) 

I Boron EPA 200.0 0.01 
Bicarbonate APHA 2320B 0.1 
Calcium EPA 200.0 0.1 
Carbonate APHA 2320B 0.1 
Chloride EPA 300.0 0.1 
Magnesium EPA 200.0 0.1 
Nitrate EPA 300.0 0.1 

- 	 pH EPA 150.1 0.1 pHunit 
EPA 200.0 0.1 

I
Sodium 
Specific conductance (TDS) EPA 120.1 1.0 uS/cm 
Sulfate EPA 300.0 0.1 

EPA 200.0 0.1 

I
Potassium 
Alkalinity, total Titration 1.0 
Solids, Total Dissolved Gravimetric 10.0 

- 	 Hardness, total Calculation 1.0 

Dissolved Metals 

Aluminum EPA 200.0 0.1 
Barium EPA 200.0 0.01 

EPA 200.0 0.01 

I
Cadmium 
Chromium EPA 200.0 0.01 
Copper EPA 200.0 0.01 

EPA 200.0 0.01 

'

Iron 
Lead EPA 200.0 0.05 
Manganese EPA 200.0 0.01 

EPA 200.0 0.01 I
Nickel 
Molybdenum EPA 200.0 0.01 
Phosphorous, total EPA 200.0 0.1 
Zinc EPA 200.0 0.01 I 22 



Sample bottles were provided by the lab and were part of the quality control program. 
All samples were handled and preserved in accordance with the requirements of the laboratory 
used for that analysis. Calibration and operation of all monitoring equipment followed the 
instrument manufacturer's instructions. 

CIIAINOFCUSTODY 	 -- 	- - 

All samples were handled in accordance with standard laboratory chain of custody 
protocol after collection and identification. 
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STATE OF COLORADQ 
COLORADO DEPARTMENT OF HEALTH 
Dedicated to protecting and improving the health and 
environment of the people of Colorado 

4300 Cherry Creek Dr. S. 	Laboratory Building 
Denver, Colorado 80222-1530 	4210 E. 11th Avenue 
Phone: (303) 692-2000 	 Denver, Colorado 80220-3716 

(303) 6914700 

Water Quality Control Division 
Agricultural Chemicals Program 
Mall Code: WQCD-GWPS-B2 

January 27, 1993 

- 	_Roy.Romer - - 	-- 
Governor 
Patricia A. Nolan, MD, MPH 
Executive Director 

RE: Well water sample taken at - 

DearMr./Ms. M 
Thank you for your cooperation in our study of the quality of ground water in the South Platte 
River Valley. The laboratory analysis of water from your domestic well is finally in and we are 
pleased to present you with the results. We apologize for the delay as the laboratory analysis 
took much longer than expected. 

Enclosed you should find: 

A print out of the laboratory results for your well with three columns of data. The left 
column lists the chemicals that were tested for. The center column lists the results for 
your well. The right column lists the maximum recommended level for that chemical in 
drinking water. 

A pamphlet that describes the program responsible for this study. 

If the nitrate level in your well was above the recommended level for drinking water, a 
"Service in Action" information sheet, on nitrates in ground water, will be included. 

If the pesticide atrazine was present in any amount in your well, an EPA Advisory on 
atrazine will be included. 

I 
Sincerely yours, 

I 	Bradford ustin 
Program Manager 
(303) 692-3572 

I Prinn'd rn Reeve/rd Paper 



Laboratory Test Results for Well Water Sample 

Date sampled - 06/23/92 
• 	Well number - 92012 

Well address - 	1 

Below you will see listed the test results from your well. The column on 
the left list the chemicals that were tested for. The center column list 
the results for your well. The column on the right list the maximum 
recommended level for that chemical in drinking water. If you have any 
questions about these results please call us at 692-3572 or 692-3576. 

Basic chemicals: Results MCL for drinking water 
(mg/L) (mg/L) 

Boron 0.43 * 
Bicarbonate 402.70 * 
Calcium 142.5 * 
Carbonate <0.1 * 
chloride 128.7 250.0 
Magnesium 41.3 * 
Nitrate 112.9 45.0 
Nitrate as N 24.00 10.0 
pH 6.6 6.5 - 8.5 
Sodium 192.7 * 
Specific Conductance 1725.0 	umhos/cm * 
sulfate 279.8 250 
Potassium 2.1 * 
Total Alkalinity * 
Total Dissolved Solids 1880.0 * 
Total Hardness * 

Dissolved metals: Results: 
(mg/L) 

Aluminum <0.1 * 
Barium 0.07 1.0 
Cadmium 0.01 0.01 
Chromium 0.02 0.05 
Copper 0.02 1.0 
Iron 0.09 0.3 
Lead <0.05 0.05 
Manganese 0.01 0.05 
Nickel 0.01 * 
Molybdenum <0.01 * 
Phosphorous 0.1 * 
Zinc 0.02 5.0 

Page 1 of 2 



Common Name: 

A1ich1or - 
Aldrin 
Atrazine 
Azinphos Meth 
Benef in 
Chiorothalonil 
Chlorpyrifos 
Cyanazine 
DCPA 
DDD 
DDE 
DDT 
Diazinon 
Dieldrin 
Endosulf an 1 
Endosulf an 2 
Endrin 
EPTC 
Ethalfluralin 
Heptachior 
Heptachlor epox. 
Hexazinone 
Lindane 
Methoxychlor 
Methyl Parathion 
Permethrin 
Trifluralin 
Aldicarb Sulfoxide 
Aldicarb Sulf one 
Oxamyl 
Methomyl 
3 -OH-Carbofuran 
Aldicarb 
Baygon 
Carbofuran 
Carbaryl 
Methiocarb 

Trade Name: 

- u 
Aldrin 

I
Atrazine 
Azinphos Meth 
Balan 
Bravo 

I L.orsban 
Bladex 
Dacthal 

I TDE DDE 
DDT 

I
Diazinon 
Die ldr in 
Thiodan 
Thiodan 

I Endrin 
Eptain 
Sonnalan 

I
Heptachlor 
Heptachlor epox. 
Velpar 
Lindane 

I Methoxychlor 
Penncap M 
Pounce 

I
I

Treflan 
Temik 
Aldoxycarb 
Oxamyl 
Methomyl 
Carbofuran 
Temik 

I Propoxur 
Carbofuran 
Carbaryl 
Methiocarb 

Well number - 92012 
	 Date sampled - 06/23/92 

Well address - 

Results for Pesticides: 
Results MCL 
(ug/L) (ug/L) 

- 
- 	2.0 

ND * 
ND 3.0 
ND * 
ND * 
ND 2.0 
ND * 
ND 10.0 
ND * 
ND 
ND * 
ND * 
ND 0.6 
ND 0.002 
ND * 
ND * 
ND 0.3 
ND * 
ND * 
ND 0.4 
ND 0.2 
ND 200 
ND 0.2 
ND 40 
ND * 
ND * 
ND * 
<2.0 4.0 
<2.0 2.0 
<2.0 0.2 
<0.5 200 
<2.0 40 
<1.0 3.0 
<1.0 3.0 
<1.5 40 
<2.0 700 
<4.0 * 

** Key to notations ** 

I TRACE - Detected by lab, but too low to measure accurately 
MCL 	- Maximum recommended level for drinking water 
ND 	- Not detected 

I (mg/L) - Miligrams per Liter or parts per million 
(ug/L) - Micrograms per Liter or parts per billion 

- If present, amount. is LESS than lab can measure 

I 
* 	- EPA health advisory or MCL not known for this chemical 

Page 2 of 2 
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AC TION 

Nitrate (NO3) Is a naturally occurring form of 
nitrogen found In soil. Nitrogen Is essential to all life. 
and most aop plants require large quantities to sustain 
high ylekia The formation of nitrates is an Integral part of 
the nitrogen cycle In our environment. In moderate 
amounts, nitrate Is a harmless constituent of Ibod and 
water. Plants use nitrates from the soil to satisiS' 
nutrient requirements and may accumulate nitrate in 
their leaves and stems. Due to its high solubility. 
nitrate also can leach Into groundwater. If humans or 
animals Ingest water high In nitrate, it may cause 
rnederk4obfrwnla, an illness especially found in Infants. 

Nitrates form when fertilizers, decaying plants. 
manures, or other organic residues are broken down 
by micro-organisms. Usually plants take these 
nitrates up, but sometimes rain or Irrigation water 
can leach them Into groundwater. Although nitrate 
occurs naturally In some groundwater, higher levels 
are thought to be the result of human activities In 
most cases. 

Nitrates In drinking water 
CV 

'J.L Set and LM. Waskom 

Quick Facts 
Nitrate Is a colorless, odorless, and tasteless 

compound that Is present In some 
groundwater In Colorado. 

Nitrate can be expressed as either NO 3  (nitrate) or 
NO3-N (nitrate-nitrogen). Nitrate levels above 
the EPA Madmuxn Contaminant Level of 
10mg/I NO3- N or 45mg/1 NO3  may cause 
methemoglobinemia In Infants. 

Proper management of fertilizers, manures, and 
other nitrogen sources can minimize contami-
nation of drinking water supplies. 

Common Sources of Nitrate 
• Fertilizers and manure 
• Animal feedlots 
• Municipal wastewater and sludge 
• Septic systems 
• N-fixation from atmosphere by legumes, bacteria 

and lightning 

Health Effect of Nitrates 
flnmnn 

High nitrate levels In water can cause 
methemoglobtnemia or blue baby sdrome, a condi-
tion especially found In Infants under six months. 
The stomach acid of an Infant Is not as strong as 
older children and adults, which causes an Increase 
In bacteria that can readily convert nitrate to nitrite 
(NO2). Therefore, do not let Infants consume drinking 
water that exceeds 10 nigJl NO3-N (this includes 
formula preparation). Nitrite is absorbed in the blood, 
and hemoglobin (the oxygen carrying component of 
blood) Is converted to methemoglobin. Methemoglo-
bin does not carry oxygen efficiently. This results in 
reduced oxygen supply to vital tissues such as the 
brain. Methemoglobin In Infant blood cannot change 
back to hemoglobin, which normally occurs in 
adults. Severe methemoglobinemla can result In 
brain damage and death. 

Pregnant women, adults with reduced stomach 
acidity, and Individuals deficient In the enzyme that 
changes methemoglobin back to normal hemoglobin 
are all susceptible to nitrite-induced methemoglo-
binemla. The most obvious symptom of methemo-
globinemla is a bluish color of the skin. particularly 
around the eyes and mouth. Other symptoms include 
headache, dizziness, weakness or difficulty in breath-
ing. Take babies with the above symptoms to the 

rrr StIS SI " , 
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hospital emergency room Immediately. If recog- 
nized in time, methemoglobinemla Is treated 
easily with an Injection of methylene blue. 

Healthy adults can consume fairly large 
amounts of nitrate with few known health effects. 
In fact, most of the nitrate we consume Is from 
our diet, particularly from raw or cooked veg-
etables. This nitrate Is readily absorbed and 
excreted In the urine. However, prolonged Intake 

- - –of high levels of nitrate arëllnkèd to gastric 
problems due to the formations of nitrosamines. 
N-nilrosamlne compounds have been shown to 
cause cancer In test animals, but studies of 
humans exposed to high levels of nitrate or nitrite 
have not provided convincing evidence of an 
increased risk of cancer. 

Although there Is no enforceable drinking 
water standard for livestock, do not allow animals 
to drink water with more than 100 mg/l NO3-N. 
This Is especially true of young animals that are 
affected by nitrates In the same manner as 
human babies. Older animals may tolerate levels 
as high as 200 mg/I NO3-N. 

Ruminant animals (cattle, sheep) are suscep-
tible to nitrate poisoning since bacteria present In 
the rumen converts nitrate to nitrite. Non-rumi-
nant animals (swIne, chIckens) rapidly eliminate 
nitrate In their urine. Horses are monogastric, 
but their large cecum acts much like a rumen 
making them more susceptible to nitrate poison-
ing than other monogastric animals. 

It is difficult to determIne the toxicity of nitrate In 
animals since It depends on the rate that the sub-
stance Is consumed. A few hundred milligrams of 
nItrate may cause poisoning If consumed In a few 
hours. But, spread over a whole day. 1.000mg 
nItrate may cause no signs of toxicity. Cannn 
symptoms Inelude abdominal pain, diarrhea, 
muscular weakness, or poor coonilnation. Affected 
anImals will have blood that isa chocolate-brown 
color. If the problem Is diagnosed in tint, they can 
fully recover with a treatment of methylene blue. 
Pregnant animals may abort within a few days. 

Nitrate also exists In animal feeds and fodder. 
Drought stressed forage plants camnonly have high 
nitrate levels. These feeds can have an additive effect 
when consumed with high nitrate drInking water. 

The Drinking Water Standard 
Reports of methemogloblnemla are extremely 

rare. Clinical Infant methemoglobinemla was first 
recognized in 1945. and about 2000 cases were 
reported In North America and Europe by 1971. 
Fatality rates during that time were reported to 
be approxImately 7 percent to 8 percent. From 
1960 to 1972, however, only one death from blue 
baby syndrome was documented. 

Methemoglobinemia has not been reported to 
occur where water contains less than 10 mg/I of 
NO3-N. This level has been adopted by the U.S. 

EnvIronmental Protection Agency as the standard 
In the Primary Drinking Water Regulations, 
chiefly to protect young Infants. 

Nitrate values are commonly reported as 
either nitrate (NO,) or as nitrate-nitrogen (NO 3-N). 
The maximum contaminant level (MCI,) In drink-
ing water as nitrate (NO,)  is 45 mg/l. whereas the 
MCL as NO3-N Is 10 mg/l. The MCL is the highest 
lerel o(NO or N05-ftthat.ls allowable Indrinking-- - 
water by the U.S. Environmental Protection 
Agency (EPA). These figures also may be reported 
In ppm (parts per million), which Is equivalent to 
mg/I. Be sure you know which value Is reported 
for your water sample. 

Protecting Your Drinking Water 
The 1990 EPA National Survey of Drinking 

Water Wells found that approxImately 57 percent 
of the private wells tested contained detectable 
levels of nitrates. However, only 2.4 percent 
exceeded the EPA maximum contaminant level. 
In Colorado, nitrate contamination above the 
MCL occurs relatively Infrequently, and mainly In 
agricultural areas overlying vulnerable aquifers. 

Protectthg your drinldng water supply from 
contamination Is Important for health and to 
protect property values and minimize potential 
liability. High nitrate levels often are associated 
with poorly constructed or Improperly located 
wells. Locate new wells uphill and at least 100 
feet away from feedlots, septic systems, barn-
yards. and chemical storage facilities. Properly 
seal or cap abandoned wells. 

Manage non-point sources of water pollution 
(fields, lawns) to limit the loss of excess water and 
plant nutrients. Match fertilizer and IrrIgation 
applications to precise crop uptake needs In order 
to minimIze groundwater contamination. 

Best Management Practices for 
Fertilizer Use 

Careful fertilizer management can reduce 
nitrate leaching to groundwater. Consider the 
followIng practices in planning your fertilizer 
program: 

Use soil and water analysis to determine exact 
nitrogen needs of crop (see Service In Action 
no. .500, Soil swnpltng—the key to a qualify 
fertilizer recommendatfrmn). 
Set a realistic yield goal for each field. Take the 
five-year average production of your field and 
add 5 percent to get an attainable yield goal. 
Credit all sources of nitrogen available to the 
crop. Including manures, water. organic 
matter, legumes. and residual subsoil nitrate. 
Split nitrogen fertilizer Into as many separate 
applications as feasible (see .514. Nftrogen and 
trigation management—keys to projliable 
yields and water qnnflty.) 

Issued in Furtherance of Cooperative Extension work. Acts of May Sand June 30, 1914. in cooperation with the U.S. Department of Agriculture. Kenneth R. Dolen. 

director of Cooperative Extension. Colorado State University, Fort Collins, Colorado. Cooperative Extension programs are available to all without discrimination. 

To simplify technical terminology, trade names of products and cquipmern occasionally will be used. No endotsemera of products named Is intended nor Is criti-
cism implied of products not mentioned. 



Water Quality Analysis 

Nitrate Is a tasteless, colorless, and odorless 
ccrnpound that you cannot detect unless your water 
Is chemically analyzed. If you think water finn a 
private well, get a cpiallfled laboratozy to test It yearly. 
The beal health departnrnt or Cooperative E1'cten-
slon county t usually can supply the nant Ian 
approved testing laboratory In your area 

Sample water for nitrate testing at the well site 
or at a tap Inside the house. Place samples In 
clean, 4 to 16-ounce plastic containers. Send the 
sample to a laboratory Immediately. If you refrig-
erate the sample prior to sending, it will help the 
sample remain Intact until it reaches a labora-
tory. Do not freeze the sample. 

Laboratory results will be compared to the 
MCI, and reconunendatlons for treatment should 
be considered If nitrate levels exceed 10 mg/l 
NO3-N. Be aware that nitrate levels In groundwa-
ter may vary seasonally. If your water tests high 
or borderline high, ills a good practice to retest 
your water every three to six months. 

Purification of Contandnnted Water 

While it may be technically possible to 
remedlate contaminated groundwater In some cases  
It can be difficult, expensive and not totally effedive 
to remove nitrates from water. For this reason, 
prevention is the best way to ensure clean water. 

Water treatments include distillation, reverse 
osmosis, Ion exchange, or blending. DistlUatlon 
boils the water, catches the resulting steam, and 
condenses the steam on a cold surfice (a con- 
denser). Nitrates and other minerals remain 
behind In the boiling tank, 

Reverse osmosis forces water under pressure 
through a membrane that filters out minerals and 
nitrate. One-half to two- thirds of the water remains 
behind the membrane as rejected water. Higher - 
s3tr8 use water pressures of 150 psI. 

Ion-nrhnnge. takes another substance, such 
as chloride, and trades places with nitrate. An Ion 
exchange unit Is filled with special resin beads 
that are charged with chloride. As water passes 
over the beads, the resin takes up nitrate In 
exchange for chloride. As more water passes over 
the resin, all the chloride Is exchanged for nitrate. 
The resin Is recharged by backwashlng with sodium 
chloride solution. The backwash solution, which is 
high in nitrate, must be disposed I properly. 

Blending Is another method used to reduce 
nitrates In drinking water. Contaminated water 
can be mixed with clean water from another 
source to lower overall nitrate concentration. 
Blended water Is not safe for Infants, but Is 
acceptable for livestock and healthy adults. 

Charcoal filters and water softener's do not 
adequately remove nitrates from water. Boiling 
nitrate contaminated water does not make It safe 
to drink, and actually Increases the concentration 
of nitrates. Drilling a new well to deeper water 
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Additional Information on water quality can be 
obtained horn the following Service In Action 
sheets, published by Colorado State University 
Cooperative Extensiow 

Follett. R. H., andj. H. SelL 1989. Inestic 
water qunfity criteria. Service in Action .5 13. 

Hallaway, J. 1983. DrInking water treatment 
dcvices:fllters. Service in Action 9.728. 

HaThaway. J. 1983. rfl-ikfrig water freaUnart 
devfrs: distillers. Service In Action 9.729. 

Kendall, P. 1991. Tht*lng water quality and 
health Service In Action 9.307. 

Ludwick, A. E. and P. N. Soltanpour. 1979. 
Soil sampling-the key to a qinutyfertllizerrecan-
mendatlat Service In Action .500. 
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Glossaiy 
Blue baty syndrome: A disease that affects the oqgen 

cariylng capacity of Infants blood, usually 
resulting from the consumption of high levels 
of NO3. Also known as methemoglobinemla. 

Ccnmin..t. Any physical, chemical, biological, or 
radiological substance that degmdes water 
quality. 

Groundwater Water that saturates subsurface 
formations or aquifers. 

Tnehag The downward movement of dissolved or 
susperdecl minerals, fertilizers, agrlculturaal 
chemicals, or other substances through the 
soil proffle. 

Marl vnmn Ccnt.n.in ,.t Level (MCI.): The hlgjrst 
amount ota specl& contaminant allowed by the 
EPA In public drinking water supplies. These are 
health-based standards that by law must be sd 
as dose to the 'no-rtslC level as kaslble. 

Nitrate (NO.]: An Important plant nutrient that Is 
soluble In water and may cause health 
problems if consumed In large amounts. 

NItrate-nitrogen (110.-N): -Relates to the actual 
nitrogen In nitrate. Multiply NO.-N values by 
4.4 to convert to nitrate, 

Non-point Source Pofintlom Water contamination 
from diffuse sources such as agricultural 
fields, urban ninoft or large contruction sites. 

Parts per .,,ttlInn  (ppm): A unit of proportion used to 
describe the concentration of a chemical In 
water. Equivalent to rug/I. 
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Additional information on the Survey and on pesticides in general can be 
obtained from the following sources: 

U.S. EPA Safe Drinking Water Hotline 
	

Information on regulation of 
1-800-426-4791 On Washington, DC (202) 382-5533) 

	
pesticides in drinking 

Monday-Friday, 8:30 am to 4:30 pm Eastern Time 
	water 

National Pesticide Telecommunications Network 
	

Information on health 
1-800-858-7378 
	

effects and safe 
24 hours a day 
	

handling of pesticides 

united States 
	

Office of Water 
Environmental Protection 

	
Office of Pesticides and 

Agency 
	

Toxic Substances 
	

Fall 1990 

SEPA National Pesticide Survey 
- Atrazine 
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Atrazlne 

The U.S. Environmentai Protection Agency (EPA) has completed its five-year 
National Survey of Pesticides in Drinking Water Wells (NPS), a study of the presence 
ot 127 pesticides, pesticide degradates, and nitrate in community water system (CWS) 
wells and rural domestic drinking water wells. Atrazine was one of the pesticides 
detected in the Survey. This fact sheet provides a description of atrazine, its potential 
health effects, a summary of the concentrations of atrazine found by the NPS in wells, 
and guidance on both treating and preventing well contamination. 

What is Atrazine is the common name of an herbicide which is a member of the 

Atrazine? chemical family of triazines. Atrazine was registered for use in the late 1950s. It has 
been sold under the trade names of Atrazine, AAtrex, Atratol, Gesaprim, and Zeaphos. 
Atrazine is also a component of other herbicides such as Bicep, Bullet, Extrazine, 
Lariat, Marksman, Prozine, and Sutazine. Atrazine is used to control many annual 
broadleaf weeds and certain grasses in corn, sorghum, sugarcane, macadamias, and 
subtropical tree fruits such as guavas and pineapples. It is also used for general 
weed control on non-cropped industrial land, selective weed control in conifer 
restoration and Christmas tree plantations, and non-selective control of vegetation or. 
fallow land. 

I-low Does The behavior of a pesticide after it is released to the environment is dependent 

Atrazine upon its movement in air, water, and soil as well as the rate at which it is transformed 

Behave in or broken down. Pesticides applied to crops or the soil surface may volatilize . 

e 	, 	
, 

an.2 .jOI, 
(vaporize) to the atmosphere be carried off by surface runoff, be carried to ground 
water through leaching, or remain in the soil through adsorption (adherence) to soil ..... 

Ground particles and undergo little movement in air or water. Pesticides may be transformed 
Water? 	. by reaction with water, microorganisms, and exposure to sunlight. The likelihood that 

atrazine will migrate into ground water is influenced by its tendency to be transported 
(move) from soil to air and water and to be transformed by these various processes, 
as well as by the characteristics of the site, such as soil type, moisture, temperature, 
and depth to ground water. Atrazine has a high potential to be transported, and a low 
potential to be transformed. 

How Does 	Atrazine migration into ground water could result from the presence of atrazine 

Atrazine Get 	in the soil due to agricultural and other applications of atrazine on cropped and non- 

into Groánd 	cropped land. Atrazine could also reach ground water from direct entry into a well 

Water? 	
through accidental chemical spills or improper storage, near a well. 

UPS Arrazine 	• I,, 	 NPS Atrazlne 	
Secvced Paper 
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Findings of Based on the results of the NPS, EPA estimates that atrazine is present, at or 

the National above the analytical detection level of 0.12 pg/L used in the Survey, in about 1,570 

Pesticide (1.7016) CWS wells and 70.800 (0.7%) rural domestic wells nationwide. Considering the 
precision of the Survey, EPA estimates that the number of CWS wells with detectable 

c JUlYe 
' levels of atrazine could be as low as 420 or as high as 2710, and the number of rural 

domestic wells could be as low as 13,300 or as high as 214,000. Atrazine is 
measured in micrograms per liter (ug/L) which is equivalent to parts per billion (ppb). 
The maximum concentration of atrazine detected was 0.92 pg/L in CWS wells sampled 
by the Survey and 7.0 pg/L in rural domestic wells sampled by the Survey. The 
median concentration of detectable atrazine was 0.26 pg/L in CWS wells, and 0.29 
pg/L in rural domestic wells. 

Atrazine was sometimes detected at concentrations above EPA'S proposed 
Maximum Contaminant Level (MCL) and drinking water Lifetime Health Advisory Level 
(HAL) of 3pg/L in rural domestic wells. Other studies have also indicated atrazine 
concentrations above the HAL EPA notified well owners and operators within 24 
hours when detections were above the Health Advisory Level. 

What Health Non-Cancer Effects: EPA has set a Lifetime Health Advisory Level for atrazine in 

Effects Might drinking water at 3 pg/L EPA believes that water containing atrazine at or below this 

be Caused bu 
level is acceptable for drinking every day over the course of one's [ifetime, and does 

At 	
' 

in ntraZifle 
not pose health concerns. A Lifetime HAL represents the concentration of a 
contaminant in water that may be consumed over an average human lifetime without 

Drinking causing adverse health effects. Ufetime HALs are based on health effects that were 

Water? found in animals given high doses of the pesticides in laboratory studies. This level 
includes a margin of safety. Consuming atrazine, however, at high levels well above 
the Lifetime Health Advisory Level over a long period of time has been shown to result 
in adverse health effects in animal studies, including tremors, changes in organ 
weights, and damage to the liver and hen 

Cancer Risic EPA has not officially classified the carcinogenicity (cancer-causing) 
potential of atrazine. There is limited or uncertain information indicating that atrazine 
causes cancer in animals receiving high doses of the chemical over the course of their 
lifetimes. Because atrazine in drinking water may possibly increase the risk of cancer 
in humans, the Lifetime Health Advisory Level includes an additional margin of safety. 

Standard: EPA sets enforceable standards for public water systems, called MCLs. 
These regulatory standards set achievable levels of drinking water quality to protect 
human health. The proposed MCL for atrazine is 3 pgIL (proposed as of May 22, 

1989). 

How is Water Atrazine can be detected in drinking water by a laboratory using an EPA 

Treated to method such as #507. If atrazine is detected in well water and confirmed by retesting 
to be above 3 pg/L, State or County health officials should be consulted. They may 

Remove 
. advise periodic retesting to get an accurate overall picture of the water quality 

.eOI! ¶. because changes in seasonal precipitation and changes in pesticide use can cause 
nants. variations in the amount of chemicals found in water wells. They also may advise 

using an alternative drinking water supply (bottled water is an example of a temporary 
alternative), treating the water, or drilling a new or deeper well. If you receive your well 
water from a community water system, and have concerns about the quality of your 
water, contact your State public water supply agency. Public water suppliers are 
required to notify customers if the drinking water that they deliver contains a 
contaminant that exceeds its MCL 

You may also be able to treat your well water to remove pesticides and other 
contaminants. Treatment technologies that can remove atrazine from water include 
granular and powder activated carbon adsorption. Other technologies such as ion 
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exchange, reverse osmosis, ozone oxidation, and ultraviolet irradiation are in the 
experimental stages for this pesticide and are not necessarily appropriate or available 
in every situation. Certain treatment methods are more suitable for large community 
water systems than for individual domestic wells. State or County health officials 
should be able to provide advice on the best approach to follow. 

How Can 	 Several steps may be taken to prevent pesticides or nitrate from entering wells, 

Water 	such as eliminating direct entry through the well wall, drilling a new well, or modifying 

Contamina- 	or reducing pesticide and fertilizer use. 

tion be Eliminate Direct Enfsy Through the Well Wall 
Prevented? 

If pesticides or nitrate are present in well water, they may be entering the 
ground water through the well itself rather than through the soil. If the well is old or 
poorly constructed or if there are visible cracks in the well casing, obtain expert advice 
on whether or not improvements can be made to the well In addition, investigate 
simple methods of cajping the well or sealing it at the surface to prevent entry. Do 
not conduct any mbcing activities near the well if you use well water to mix pesticides 
because a spill could lead to direct contamination of the well 

Drill a New Well 

If the soil surrounding the well is the source of contamination, drilling a new or 
deeper well may make sense if water can be drawn from a deeper, uncontaminated 
aquifer. Unfortunately, it often is difficult to know the quality of the ground water 
without drilling or extensive testing. Seek expert advice before you drill. 

Learn More about Pesticide Use 

If you use pesticides, whether for agricultural or home lawn and garden 
purposes, you should consider attending training courses given by your State or 
County agriculture department on how to reduce activities that can contaminate 
ground water. You may find that you can eliminate or lessen the frequency or quantity 
of your pesticide usage by choosing altemative methods of pest control. 

Why was the EPA conducted this Survey to determine the frequency and concentration of 

National pesticides, pesticide degradates, and nitrate in drinking water wells nationwide and to 

.:pe#jcide examine the relationship between the presence of pesticides in drinking water wells 

Swvey 
and patterns of pesticide use and ground-water vulnerability. The Survey sampled 

Conducted? 
566 community water system wells and 783 rural domestic wells for 127 pesticides, 
pesticide degradates, and nitrate. The wells were selected as a representative 
statistical sample to provide nationwide estimates of the presence of pesticides and 
nitrate in drinking water wells, and are not meant to provide an assessment of 
pesticide contamination at the local, County, or State level. 

This fact sheet is pan of a series of NPS outreach materials, fact sheets and 
reports. The following additional fact sheets are available through EPA's Public 
Information Center (401 M Street SW, Washington, DC 20460, (202) 382-2080): 

Where to Go 
for More. 
Information 

Survey Design 
	

Malytical Methods 
	

Project Summary 

Survey Analytes 
	

Summary Results 
	

Glossary 

Quality Assurance! 
	

Fact Sheet for each 
	

flow EPA Will Use 
Quality Control 
	

detected analyte 
	

The NPS Results 
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