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- - ExecutiveSummary 	 - 	- 

The Water Quality Control Division (WQCD) of the Colorado Department of Public 
Health and Environment (CDPHE) 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. This data assists the Commissioner of 
Agriculture in determining whether agricultural operations are impacting ground water 
quality. 

In 1996 the program monitored groundwater quality along the urbanized portion of 
the Colorado Front Range. This was the first time the program attempted to determine the 
possible impacts to ground water from urban uses of agricultural chemicals. This urban use 
would include commercial and homeowner applications to yards and gardens, and municipal 
and private applications to parks, and golf courses. 

Seventy seven wells were sampled for nitrate and 46 pesticides. In all cases existing 

I wells were used. Most of these wells were privately owned and permitted as domestic wells. 
Nine monitoring wells located within the incorporated limits of communities in Weld County 

I
were also sampled. 

Nitrate analysis showed that 9 % of all the wells exceeded the nitrate drinking water 

I 	
standard of 10 mg/L. If the monitoring wells sampled in Weld County are eliminated from the 
survey analysis, the nitrate exceedence drops to less than half that or 4 %. Pesticide data 
revealed three pesticides, Atrazine, Bromacil, and Prometon present in the well samples. The 
breakdown product of Atrazine, Deethyl Atrazine was also present in several samples. No 

I pesticide concentration exceeded a water quality standard. 
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Introduction 

• 	 The Water Quality Control Division (WQCD) of the Colorado Department of Public 
Health and Environment (CDPFIE) has responsibility under the Agricultural Chemicals and 

I. - 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 

I 	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 

I 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 

I improper use of agricultural chemicals, while allowing for their proper and correct use. 

This report has been prepared to provide a summary of the Front Range Urban ground 

I water monitoring work completed in 1996. The monitoring program involved the collection 
and laboratory analysis of ground water samples from private wells located in the urbanized 
section of Colorado's Front Range. This monitoring program was planned to meet the 

I objectives necessary for a preliminary determination of the existence of agricultural chemicals 
in the ground water in a safe, cost effective, and timely manner. 

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

I 1. Determine if agricultural chemicals are present in the ground water. 
2. Provide data to assist the Commissioner of Agriculture in the identification of potential 

I agricultural management areas. 

The factors considered in selecting an area for monitoring are: 

I 1. Agricultural chemicals are used in the area. 
2. The ground water in the area is shallow in depth or vulnerable. 

I 	3. The majority of the agricultural chemical use is on irrigated land. 
4. The soil types are conducive to leaching. 

I, 	
5. The alluvial and for shallow bedrock aquifers are utilized for domestic water supplies. 

Before an area is selected for monitoring, CDPHE will contact interested parties to 
inform them of the sampling program and SB 90-126, and how we envision its 

I implementation. CDPHE will coordinate closely with federal agencies, county extension 
agents, conservancy districts, and local health officials in the project area. 

I 



Ground Water Monitoring Program 

• 	 The 1996 monitoring program monitored groundwater quality along the urbanized 
portion of the Colorado Front Range. This year was different from years past in that all 

I 	-sampling was in an area were there was no production agriculture. This was the first time the 
program attempted to determine the possible impacts to ground water from urban uses of 
agricultural chemicals. This urban use would include commercial and homeowner applications 
to yards and gardens, and municipal and private applications to parks, and golf courses. 

Seventy seven wells were sampled for the basic water quality constituents, nitrate and 

I 	forty six pesticides. In all cases existing wells were used. Most of these wells were privately 
owned and permitted as domestic wells. Nine monitoring wells located within the 
incorporated limits of communities in Weld County were also sampled (figure 1). Locating 

U 	sampling sites within the urbanized areas presented new challenges never before encountered. 
The majority of the area has no known existing wells and those that are still present and 
operating are primarily located in fringe areas that were incorporated into cities after primary 

I development of the area. Thus, well coverage is not unifonnly distributed or even 
representative in most of the area. The number of samples is also corresponding lower than 
the rural areas sampled before. Personnel problems at CDPHE halted field work for six 

I weeks in September and October. Despite these problems three areas received adequate 
coverage, Fort Collins, Greeley, and Boulder County. 

I Wells were selected for sampling based on a favorable location within the most 
shallow ground water available, general well and site conditions, and cooperation of the well 

I 
owner. The wells were sampled once between July and November, 1996 by Brad Austin and 
John Colbert of CDPHE. 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, nitrate, and selected 
pesticides. A list of analytes is presented in Table 1. The basic inorganic analysis was 

I 	performed by the Soils Laboratory at CSU with all samples split with the CDPHE Laboratory 
for nitrate. Comparison of these split parameters shows consistent results between the two 
laboratories. The Colorado Department of Agriculture, Standards Laboratory performed the 

I 

	

	laboratory analysis for nitrate as nitrogen and selected pesticides. Temperature, conductivity, 
total dissolved solids, pH, and dissolved oxygen were measured in the field. 

I The pesticide analysis was compiled based on those substances that have recently 
been, or are currently being utilized in the area according to agricultural officials there. 
Budget restrictions would not allow testing for all pesticides used in the study area. To 

I 	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 the pesticide was used on. Pesticides were 

I then selected according to their final score and the ability of the laboratory to detect their 
presence. 

I 2  
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Front Range Urban Corridor 
Sampling locations, 1996 
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FIGURE 1 - Study Area and sampling locations, Map showing the boundaiy of the Front 
Range urban study area and well locations sampled in 1996. 



TABLE 1- LIST OF ANALYTES 

Colorado Front Range Urban Corridor 
- - -GroundWaterAnalysis,-1996 - - - 

BASIC WATER QUALiTY 
CONSTITUENTS 

Boron pH 

I 	Bicarbonate Sodium 
Calcium Specific Conductance (TDS) 
Carbonate Sulfate 

I 	Chloride Potassium 
Magnesium Alkalinity, total 
Nitrate Hardness, total as CaCO 3  

I Ammonia Solids, Total Dissolved 

I PESTICIDE COMPOUNDS 

Trade Common Use 	Trade Common Use 
Name Name Name Name 

Harness Acetachlor Herb 	Prometon Prometone Herb 
Lasso I 	AAtrex 

Alachlor Herb 	Princep Simazine Herb 
Atrazine Herb 	Treflan Trifluralin Herb 

Balan Benfluralin Herb 

I 	Hyvar Bromacil Herb 	Weed BGone 2,4-D Herb 
Captane Captan Fungi 	Banvel Dicamba Herb 
Bravo Chlorothalonil Fungi 	Kilprop MCPP Herb 

I 	Lorsban Chlorpyrifos Insect 	Agritox MCPA Herb 
Bladex Cyanazine Herb 	Tordon Picloram Herb 
Dacthal DCPA Herb 

I Diazinon Diazinon Insect 	Temik Aldicarb Insect 
Casoron Dichiobenil Herb 	Sevin Carbaryl Insect 
Cygon Dimethoate Insect 	Furadan Carbofliran Insect 
Velpar I Hexazinone Herb 	Lannate Methomyl Insect 
Gamma-mean Lindane Insect 	DPX Oxamyl Insect 
Malathion Malathion Insect 	Baygon Propoxur Insect 
Ridomil U Metalaxyl Fungi 
Marlate Methoxychlor Insect 
Dual Metolachlor Herb 

U 	Sencor Metribuzin Herb 
Prowl Pendimethalin Herb 

I 
I 4  



GROuND WATER MOMTORING RESULTS 

The results from this sampling program have been entered into the CDPI-IE 
iiroundwater Quality Data System, a database specifically designed and maintained by the 
\\rQCD  to store ground water quality data. Reports may be generated from the database on 
around water quality in any area of the state from all data sources available. A complete 
printout ofall water qua] itv data from this survey is pro idej in the \ppendix. 

Analysis of the nitrate and pesticide data indicates that ground water in the majority 
of the areas sampled does not show as high a level of impact as was found in the agricultural 
areas. The major inorganic contaminant of concern is nitrate. Nitrate analysis showed that 
approximately 9 % of all the wells exceeded the nitrate drinking water standard of 10 mg/L. 
F he drinking water standard is used as a benchmark for nitrate levels in all wells regardless 
of current use. 

Seven (7) of the seventy seven (77) wells sampled (90/a)  showed nitrate levels in 
excess of the EPA standard for drinking water (10 mgiL) (Figure 2). Fifty three (53) wells 
I (, 9 ° o) tested positive for nitrate but were below the EPA standard. Seventeen (17) wells 

22111) tesled below the detection level of')5 iiiL. 

Nitrate below 
detection level of 
0.5 mg/L 

Nitrate present 
0.5 - 9.9 mg/L 

Nitrate exceeds 
9% Drinking Water 

Standard of 10 mg/L 

69% 

Colorado Department of 
Health and Environment 
1996 

FIGuRE 2 - Nitrate levels in Urban Front Range ground water Chart showing 
JI siiihutitn or' nitrate le\ el- in we! !s nmpled in 1996 along Colorado's Front Range. 



Eight wells sampled in this survey were monitoring wells located in Greele) and 
smaller surrounding communities in Weld County and northern Adams County. The 
surrounding agricultural area had been sampled in 1992 and 1993 as part of the South Platte 
River Valley agricultural survey. Nitrate levels measured at that time exceeded the drinking 
'a ater standard by over a factor of two (23-2 5 mg/L). Although the monitoring wells are 
'aithin the incorporated limits of urbanized areas the ground water quality is heavily 
influenced by the surrounding agricultural area due to the relative surface area and recharge 
'aze of each respective land use. If these monitoring wells were eliminated from the survey 
analysis, the nitrate exceedence for the remaining wells drops to less than half that earlier 
reported or 4 %. 

Seperating out the data from Fort Collins as a more representive area of typical urban 
and use, we see in Figure 3 that nitrate has entered the ground water but remains below 5 

with a median concentration of only 2.4 mg/L. 
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A map prepared on a geographic information system (GIS) (-igure 4) shows the 
location of the wells and the nitrate results graphed in Figure 2. Wells on the map have been 
Lolor coded according to the nitrate level measured in the well. The wells in green have 
nitrate levels below the laboratory detection level of 0.5 mg/L. Wells in yellow indicate 
nitrate present in the sample but below the drinking water standard of 10 mg/L. Wells 
ft'jSCfltcd in red mndiettc nitrate le\el c.\cceJrnL' the IT:\ drmnhmne \\ater  standard 
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Nitrate levels and well locations 
Front Range Urban Corridor, 1996 
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F1GUR 4 - Location of wells and nitrate levels. Map showing the locations and 
nitrate levels in ground water in Front Range urban study area. 1996. 
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Pesticide data revealed three pesticides, Atrazine, Prometon, and Bromacil present in 
the well samples. The breakdown product of Atrazine, Deethyl Atrazine was also present in 

I several samples. No pesticide concentration exceeded a water quality standard. 

Table 2.provides details on the three.different pesticides detected in Front Range 
ground water. In nine (9) of the seventy seven (77) wells sampled the herbicide Atrazine was 
detected (12 %). Atrazine is a heribicide commonly used for weed control and often found in 

I 	ground water in agricultural areas. The detection limit of the laboratory analysis is 0.1 ug/l or 
ppb. Twenty four (24) wells (31 %) contained the herbicide Prometone, a non selective 
herbicide used on highway and railroad right of ways and industrial areas for complete 

I 

	

	vegatation control. One other well detected the herbicide Bromacil. No well contained a 
pesticide at a level higher than the EPA drinking water standard. The location of the pesticide 
detections are plotted in Figure 5. 

I 
TASII 2 - Results of Pesticide Analysis, Front Range Urban, 1996. 

I 	
Pesticide 	Use 	No. Detections 	DL 	MCL 

Atrazine 	Herbicide 	9 	 0.1 	3.0 

I 	DeethytAtrazine 	 11 	 0.2 	100 
Prometone 	Herbicide 	24 	 0.1 	70 
Bromacit 	Herbicide 	1 	 0.4 	90 

I 	Amounts are given in micrograms per liter (ug/L), a unit of measurement for pesticide 
concentrations in water that is equivalent to parts per billion. 
DL - Minimum concentration that can be detected by the laboratory 

- the maximum amount allowed in drinking water, if no MCL has been established I 	the number given is the lifetime drinking water health advisiory 



Pesticide detections and well locations 
Front Range Urban Corridor, 1996 
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FJGURE 5 - Location of pesticide detections. Map showing the location and type of 
pesticide detected in Front Range urban study area. 1996.   
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I 
I

The monitoring program included sample collection, laboratory analysis, and data 
analysis and storage. Due to the limited sample size, this survey does not filly establish a 
baseline for agricultural chemicals in ground water in this area. At some time in the future, 

I- 	additional data should be added to the study. Upon completion of more sampling and a full 
analysis, which should include integration with previous and current studies by other agencies, 
the resulting sampling program will provide the basis for determining a groundwater quality 
baseline for this region. 

All sampling was performed by Brad Austin and John Colbert of CDPHE, July 

I 

	

	through November, 1996. Field sampling procedures followed the protocol developed by the 
ground water Quality Monitoring working group of the Colorado nonpoint task force. 

I The results from this sampling program have been entered into the CDPHE 
Groundwater Quality Data System maintained at CDPHE. The following section in this 

I 	
report describes the protocol for sampling and analysis. 

The WQCD intends to include, in the final analysis of the Front Range Urban Corridor 
ground water, all available ground water quality data. Results from previous and ongoing 
studies by other agencies in the area will be integrated into this analysis. 

Future additions and actions in this area 

I The U. S. Geological Survey (USGS) is now completing their monitoring activities in 
the South Platte Basin under the National Water Quality Assessment (NAWQA) program. As 
this data becomes available it will be incorporated into the final analysis for water quality in 

I 	this area. Several water conservancy districts are also actively engaged in collecting ground 
water quality data. Unfortunately, this data is not always readily available due to concerns 
about privacy and future use of the data. The program hopes that as the monitoring effort 

I 

	

	continues and the public grows comfortable with our goals and intent, this valuable source of 
data will become available and enhance our understanding of the overall ground water quality 

I 	
of the state. 

Recent development pressures along the Front Range Urban Corridor has heightened 
public awareness of the potential for impacts to water quality. The Program has responded to 
these concerns by offering technical assistance to water conservancy districts, ground water 
management districts, and other local water suppliers and entities interested in evaluating 
water quality in their area. Presentations of how the program works, past and present water 

I quality projects, and plans for fbture projects with request for local input are made at every 
opportunity. We consider this type of outreach an important part of the customer service 
component of the program. 

10 



FIELD OPERATIONS 

SCHEDULING 

All wells were scheduled for sampling by WQCD personnel between June and 
November, 1996. The exact dates for sampling were subject to laboratory schedules, sample 
holding times, well owner availability, and travel times. 

SAMPLE WELL SaCTIoN 

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

Low flow, shallow depth wells are preferred, generally domestic use; 
Completed within the uppermost aquifer in the area; 
Depth to ground water preferably less than 50 feet; 
Well currently in use or at least has a working pump installed; 
Direction of ground water flow; 
Wellhead and casing in good physical condition and availability of completion 
information documentation; 
Wellhead area free of point sources of contamination; 
Well owner consent to participate in the monitoring program; 

The ground water contaminants that may be encountered in the area include nitrates, 
pesticides, and possibly industrial solvents. 

KEY PERSONNEL 

The sampling survey was conducted by: 

Brad Austin, Ground Water Geologist and Program Manager 
John Colbert, Physical Sciences Tech 

SITE ACCESS AND LOGISTICS 

I Access to the sampling sites and scheduling with land owners will be the responsibility 
of the fi eld personnel. Consent for access to the property and for sampling the well will have 
been received prior to site entry. 

I 

11 



QUALITY ASSURANCE I QUALITY CONTROL 

SAMPLE Coucr1oN 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 

I 	
outside hydrants or whatever means available prior to any type of treatment (i.e. water 
softener). 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 

I 

	

	
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 

I 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 

I 

	

	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 

I 	
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 

I . 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. Samples collected 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 

I 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. 

I
Duplicate and spiked samples were prepared for lab calibration checks. 

The following types of samples were provided for quality assurance: 

I 1. Field Blank 

A blank ground water sample was periodically collected to check field 

I decontamination procedures. The blank was prepared by pouring 
laboratory supplied deionized water through decontaminated sampling 

I
equipment following the collection of possible contaminated samples. 

2. Duplicates 

Random duplicate groundwater samples were collected to compare 

I laboratory analysis procedures as well as sample collection procedure. 

12 



Spikes 

I 	Up to five pesticide spiked samples were submitted to the organic 
laboratories for lab QA/QC. These spiked samples were prepared in 
duplicate in accordance with instructions provided by the manufacture of 

-- 	- 	- 	the spikingkits: 

Duplicate Spikes 

Duplicate spiked samples as described above. 

I 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 

I 	transported to the CDA, or CSU laboratory and analyzed within the recommended holding 
periods. Documentation of actual sample storage and treatment were handled as part of the 

I
chain of custody procedures. 

DECONTAMINATION PROCEDURES 

I Wells were sampled to minimize the potential for cross contamination. 
Decontamination procedures were adhered to between each sampling event. All common 

I 	sampling equipment was decontaminated prior to and between all sampling events by washing 
with a non phosphate 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 

I common between wells for the pesticide sampling. 

I
CONTROL OF CONTAMINATED MATERIALS 

The sampling team disposed of all wastes produced during the investigation in 
accordance with Federal and State regulations. Disposable sampling equipment was bagged, 

I removed from the site, and disposed of as a nonhazardous material. 

I
LABORATORY ANALYSES 

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

I. 	basic inorganic minerals including nitrate. Table 3 provides a listing of the laboratories used, 
the chemicals analyzed by each, and their detection limits. All collected samples (classified as 
environmental samples) were transported to the designated laboratory as medium hazard and 

I analyzed accordingly. EPA analytical methods for each parameter group were as follows: 

pesticides 	solid phase extraction: GC/MSD 

I inorganics 	varies with analyte 

I
13 
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I 
Table 3 - Laboratories, Methods and Detection Levels 

I 	Colorado Department of Agriculture Standards Laboratory 

I PESTICIDE ANALYSIS 

Pesticide Pesticide Pesticide Chemical - EPA - MDL 
-- 	

- 	 TradeName - CommonName Use - Type Method (ug/L) 

Harness Acetachior Herb acetoalinide 525.1 0.1 
Lasso Aiachior Herb OrganoCL 525.1 0.1 I 	AAtrex Atrazine Herb Triazine 525.1 0.1 

Deethyl Atrazine Triazine 525.1 0.2 

I Deisopropyl Atrazine Triazine 525.1 0.2 
Balan Benfluralin Herb OrganoFL 525.1 0.2 
Hyvar Bromacil Herb uracil 525.1 0.4 

I Captane Captan Fungi carboximide 525.1 1.4 
Bravo Chiorothalonil Fungi Nitrile 525.1 0.1 
Lorsban Chlorpyrifos Insect OrganoPH 525.1 0.1 
Bladex Cyanazine Herb Triazine 525.1 0.2 
Dacthal DCPA Herb phthalic acid 525.1 0.1 
Dazzel Diazinon Insect OrganoPH 525.1 0.2 
Ranier I Dichlobenil Herb nitrile 525.1 0.1 
Cygon Dimethoate Insect OrganoPH 525.1 0.5 

p,p-DDT Insect OrganoCL 525.1 0.4 I Endrin Insect OrganoCL 525.1 0.3 
Heptachior Insect OrganoCL 525.1 0.6 
Heptachior epoxide Insect OrganoCL 525.1 0.8 I Velpar Hexazinone Herb Triazine 525.1 0.1 

Gamma-mean Lindane Insect OrganoCL 525.1 0.1 
Malathion Malathion Insect OrganoPH 525.1 0.1 I 	Ridomil Metalaxyl Fungi acylalanine 525.1 0.2 
Marlate Methoxychior Insect OrganoCL 525.1 0.9 

I Dual Metolachior Herb acetarnide 525.1 0.1 
Sencor Metribuzin Herb Triazine 525.1 0.5 
Prowl Pendirnethalin Herb dinitroaniline 525.1 1.2 

I 	Prirnatol Prometon Herb triazine 525.1 0.1 
Princep Simazine Herb triazine 525.1 0.2 
Treflan 

I 
Trifluralin Herb OrganoFL 525.1 0.3 

Weed B Gone 2,4-D Herb PhenoxyAcid 515.2 0.2 

I Banvel Dicamba Herb BenzoicAcid 515.2 0.1 
Kilprop MCPP Herb PhenoxyAcid 515.2 2.0 
Agritox MCPA Herb PhenoxyAcid 515.2 2.0 

I Tordon Picloram Herb PicoljnjcAcid 515.2 0.35 
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Table 3, continued - Laboratories, Methods and Detection Levels 

Colorado Department of Agriculture Standards Laboratory 

PESTICIDE ANALYSIS 

Pesticide 	Pesticide 	Pesticide 
- - Trade Name - - Common Name 	Use 

Temik Aldicarb Insect 
Aldicarb sulfone 
Aldicarb sutfoxide 

Sevin Carbaryl Insect 
Furadan CarbofUran Insect 

3 -Hydroxycarbofliran 
Methiocarb Insect 

Lannate Methomyl Insect 
1-Nap hthol 

DPX Oxamyl Insect 
Baygon Propoxur Insect 

Chemical 
Type 

Carbamate 
Carbamate 
Carbamate 
Carbamate 
Carbamate 
Carbamate 
Carbamate 
Carbamate 
Carbamate 
Carbamate 
Carbamate 

EPA MDL 
Method (ug/L) 

531.1 1.0 
531.1 2.0 
531.1 2.0 
531.1 2.0 
531.1 1.5 
531.1 2.0 
531.1 4.0 
531.1 1.0 
531.1 1.0 
531.1 2.0 
531.1 1.0 

EPA MDL 
Method (ugIL) 

300 	0.5 mgfL 

INORGANIC ANALYSIS 

Nitrate/Nitrite as N 

Colorado State University Soils Laboratory 

MINERALS AND DISSOLVED METALS ANALYSIS 

Basic Water Quality Parameters Method Reporting Limit (mgfL) 

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 0.1pHunit 
Sodium EPA 200.0 0.1 
Specific conductance (TDS) EPA 120.1 1.0 uS/cm 
Sulfate EPA 300.0 0.1 
Potassium EPA 200.0 0.1 
Alkalinity, total Titration 1.0 
Solids, Total Dissolved Gravimetric 10.0 
Hardness, total as CaCO3 Calculation 1.0 
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Sample bottles were provided by the lab and were part of the quality control program. 

I 	
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. 

I CHAIN OF CUSTODY 

I All samples were handled in accordance with standard laboratory chain of custody 
protocol after collection and identification. 
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