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DISCLAIMER 
 

This report makes no representations that endorse or exclude the use of the products tested as 
part of this research project. The individual products were selected to include the major classes 
of suppressants (e.g., petroleum-based, ligninsulfonate products). The results do not necessarily 
reflect the water quality impacts for all the products in each class. Any interpretations beyond 
those presented in this report will not be supported by the authors or participating agencies. 
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EXECUTIVE SUMMARY 

Goals Of Research 
This report presents the results of field experiments on the potential water quality impacts from 
the application of dust suppressants to disturbed lands in Clark County, Nevada. This is an 
important issue not only in the southwest, but in all of the U.S. since there are currently minimal 
guidelines for the use of dust suppressants. The use of dust suppressants is driven by the need of 
communities to comply with air quality standards of PM-10 (particulate matter less than 10 µm 
in diameter) emissions. There is, however, concern that the solution of this air pollution problem 
will have other unanticipated environmental and human health consequences. Dust suppressants 
include water, fiber mulches, water-absorbing materials (e.g., calcium chloride, magnesium 
chloride), petroleum based organics (e.g., asphalt emulsion), non-petroleum based organics (e.g., 
vegetable oil, molasses), synthetic polymer emulsions, and lignin products. These materials are 
generally effective in minimizing dust; however, little is known about the effects of the products 
on the environment and human health.  
 
In Clark County, there is the potential for dust suppressants to be used on large areas to minimize 
the PM-10 emissions from lands that are disturbed from construction activities and on unpaved 
roads. Furthermore, all of the Las Vegas Valley drains to Lake Mead which is a drinking water 
source for many communities in the southwest. It is undesirable to allow the application of dust 
suppressants that could potentially contribute contaminated runoff to Lake Mead. The agencies 
sponsoring this research (Clark County Health District, Clark County Air Quality Management 
Agency, Las Vegas Valley Water District, Southern Nevada Water Authority, Clark County 
Flood Control District, and the City of Las Vegas) recognize that research on all the potential 
environmental impacts is important; however, impacts of dust suppressants on water quality 
were given the highest priority for this study. Therefore, the overall objective of this research 
was to generate basic data for evaluating the water quality impacts of major categories of 
dust suppressants. This information will serve as a scientific basis for proposed guidelines on 
the application of dust suppressants to disturbed lands.  

Research Approach 
For this study, rainfall events were simulated onto land plots to which different dust suppressants 
were applied. The field site was selected to represent soil characteristics typical of disturbed land 
surfaces in the Las Vegas Valley. A property owned by the Las Vegas Valley Water District 
(LVVWD) and located at the West Central Reservoir and Well Field site (7512, West Charleston 
Blvd.) was selected for application of the 11 different dust suppressants. The existing conditions 
of the land surface was typical of a desert landscape, and the soil is classified by the U.S. 
Department of Agriculture, Natural Resources Conservation Service as “Cave-Las Vegas-
Goodsprings-Destazo-Tencee.” This is a gravelly fine sandy loam soil that is representative of 
35.6% of the Las Vegas Valley area based on general soil classifications. The central portion of 
the property was graded to create a surface similar to a construction site. This was accomplished 
with a construction blade that scraped the surface and removed all vegetation. A uniform surface 
with the same slope as the existing ground (approximately 3%) was created.  
 
The site was divided into individual plots (10 meters x 10 meters) and different categories of dust 
suppressants were applied according to industry standards and by local dust suppressant 
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applicators. A control plot (i.e., no dust suppressant applied) was also created for comparison 
purposes. The selection of the dust suppressants focused on products that represent different 
categories of dust suppressants. This research is not meant as an endorsement of any products, so 
the selection of individual products was based on input from the Clark County Dust Palliative 
Working Group which is comprised of local and state agencies, industry representatives, and 
academia. The following items were considered in making the product selection (See Table 1-1 
for a list of products). 

1. Types of dust suppressants currently used in Clark County 
2. Types of dust suppressants that may be used in the future in Clark County 
3. Representation of all major categories of dust suppressants 
4. Use of the product in a previous study by James et al. (1999) for Clark County 

that evaluated the “effectiveness” of dust suppressants 
 
The rainfall event which was simulated over the test plots was representative of natural rainfall 
occurring in the Las Vegas Valley. A rainfall intensity of 2.3 cm/hr (0.89 in/hr), which is 
between a 2 and 5 year – 1 hour storm at McCarran Airport was simulated. This event represents 
a reasonable sized storm that will result in sufficient runoff for the water quality experiments. It 
was necessary to construct a rainfall simulation system for the field experiments so all 
experiments had the same rainfall rate and comparisons could be made between the different 
plots.  
 
The environmental impacts focused on the quality of the runoff emanating from the plots treated 
with dust suppressants and the residual contaminants remaining in the soil after rainfall events. 
The parameters to be analyzed in this research were chosen by contrasting federal and state 
regulations on water quality for aquatic life, regulations on hazardous waste pollutants, and 
priority pollutant regulations. All comparisons were made in reference to the control plot.   

Results 
The results of this study provide information for preliminary assessment of the water quality 
impacts from the application of dust suppressants to disturbed lands. The following is a summary 
of the results obtained for the major categories of dust suppressants. 

Petroleum-based 
The runoff and soil extracts from the plots treated with petroleum-based products (Coherex and 
Road Pro) contained the largest number of contaminants with concentrations above the control 
plot. Application of these suppressants is likely to contribute metals, volatile and semi-volatile 
compounds, sulfate, ammonia, nitrate, sulfide, coliform bacteria, hardness, TDS, and sulfide to 
runoff waters. A comparison of the runoff and soil extracts results show a significant difference 
between Coherex and Road Pro. The number of contaminants with concentrations above the 
control plot was higher in the runoff of Coherex while the concentrations in the soil extract were 
higher for Road Pro. This implies that Coherex washed out more easily from the soil than Road 
Pro. Both of the petroleum-based dust suppressants created runoff volumes that were higher than 
the control plot (by at least 200%) and an earlier timing of the initial runoff.  
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Acrylic Polymers 
A large number of parameters with concentrations greater than those of the control plot were also 
found for all acrylic-polymers. Acrylic polymers are likely to contribute volatile and semi-
volatile organic compounds, organic carbon, TDS, alkalinity, hardness sulfate, metals, and 
nitrate to the runoff. The iso-alkane (EK35) and acrylic polymer (Enviro-Tac) showed higher 
concentrations of contaminants than Poly-bond and Soil Sement. The acrylic polymer with the 
least number of contaminants is Soil Sement, but lead and selenium were detected in the runoff 
of the plots treated with this dust suppressant. The hydrologic impacts from plots treated with 
acrylic polymers was mixed. The runoff volume was increased for 3 of the 4 products and a 
surface was created with a similar runoff coefficient similar to that of a residential development 
(e.g., runoff coefficient of 0.40-0.50). All of the acrylic polymers had an earlier time to initial 
runoff (10 to 30 minutes earlier).  

Ligninsulfonate 
The ligninsulfonate dust suppressants (Dustac and Topein) also present a high number of 
components with concentrations above those of the control, but the concentrations of most 
contaminants found are smaller than those present in the petroleum-based and some of the 
acrylic products. A moderate number of metals were also found in the runoff of both dust 
suppressants. Use of these dust suppressants can potentially increase organic content, TDS, 
sulfate, nitrate, metals, and chloride to runoff waters. The soil extract from Topein shows a large 
number of contaminants at high concentrations. It appears that the contaminants from Dustac are 
more easily leached out than those of Topein. Plots treated with ligninsulfonate increased the 
runoff coefficient by 21 to 142%, and had a time to initial runoff of 5 to 25 minutes earlier than 
the control plot runoff. These hydrologic impacts are small compared to petroleum-based and 
acrylic polymer dust suppressants.  

Organic Nonpetroleum-based (Tall Oil) 
The organic nonpetroleum-based product (Road Oyl) had a moderate number of parameters with 
concentrations above that of the control plot. The soil extract of  Road Oyl contains the highest 
number of contaminants with concentration above that of the control. The quality of the soil 
extract of this plot is comparable to those to which petroleum-based products where applied.  
Thus, the contaminants from Road Oyl adsorb to the soil and are not easily leached by rainfall. A 
high number of metals was detected in the runoff treated with this product. Application of tall oil 
will contribute to volatile organic compounds, organic carbon, TDS, hardness, sulfide, ammonia, 
and metals. The hydrologic impacts from plots treated with Road Oyl was a slight increase in 
runoff (42%) and an earlier time to initial runoff (15 minutes earlier). The hydrologic impacts 
from this product are relatively small compared to petroleum-based and acrylic polymers.  

Fiber Mulch 
The runoff from the plot treated with the fiber mulch (Plas-bond) presented a small number of 
components above that of the control. The major contributions of this suppressant to runoff are 
hardness, sulfate, organic carbon, TDS, and metals. However, the soil extract had a high number 
of contaminants (particularly metals) with concentrations greater than the control plot. These 
results imply that most contaminants present in Plas-bond are not easily leached out with rainfall, 
but they remain in the soil. The application of fiber mulch to the plots had a large impact on the 
hydrologic characteristics of the soil surface. All of the rainfall in the first hour of the simulation 
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was absorbed by the fiber mulch. Surfaces that are treated with fiber mulch will receive lower 
runoff volume during the initial part of the storm; however, runoff rates will increase (still below 
the control plot) as the product becomes saturated.  

Magnesium Chloride 
The magnesium chloride (Dust Gard) contributes the smallest number of contaminants to the 
runoff.  The major contributions to runoff from the application of this suppressant are ions that 
will result in increased salinity and conductivity. The soil extract from the magnesium chloride 
plot showed a relatively low number of contaminants at concentrations greater than the control.  
Both the runoff and soil extract had high concentrations of boron and chloride. The runoff 
volume was reduced for these plots and the time to runoff initiation was increased. The 
hydrologic impacts from surfaces treated with magnesium chloride will not adversely change the 
downstream flow in a watershed.  
 

Final Observations 
A preliminary evaluation of the potential loads from areas treated with dust suppressants was 
provided for the Las Vegas Valley watershed. Noteworthy observations are that chloride 
concentrations were increased for all of the dust suppressants, and phosphate and TSS loads were 
reduced for the majority of the dust suppressants. The extrapolation of the concentrations from 
the experimental plots to a large area implies many assumptions, but provides an integration of 
changes in water quality concentrations and hydrologic characteristics which results in the 
potential loading from the watershed.  
 
All suppressants studied showed some effect on the quality of the runoff or soil extract as 
compared to the control. However, the significance of these effects can only be evaluated by 
considering jointly the effectiveness of the dust suppressant, the location of the application, and 
the runoff water quality. A dust suppressant that generates relatively good runoff quality may 
become undesirable if it has to be applied very often, resulting in a large pollutant load.  
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SECTION 1: INTRODUCTION AND RESEARCH GOALS 
 

1.1. GENERAL OVERVIEW 
The United States Environmental Protection Agency (USEPA) has established a health-based 
national air quality standard for PM-10 (particulate matter less than 10 µm in diameter) with an 
annual average of 50 µg/m3 and a maximum daily concentration of 150 µg/m3 (USEPA, 2002).  
The rapid growth in the southwestern United States, including the Las Vegas Valley, has resulted 
in the disturbance of several thousand acres of arid lands. This disturbance of the natural soil 
crust exacerbates the release of fine particular matter (PM-10) to the air (James et al., 1999) from 
unpaved roads and parking lots, vacant lots that have been graded, and construction sites. In 
response to the PM-10 regulations, dust suppressants are being used to stabilize disturbed lands 
and unpaved roads. There is, however, concern that the solution of this air pollution problem will 
have other unanticipated environmental and human health consequences. 
 
Dust suppressants include water, fiber mulches, water-absorbing materials (e.g., calcium 
chloride, magnesium chloride), petroleum based organics (e.g., asphalt emulsion), non-petroleum 
based organics (e.g., vegetable oil, molasses), synthetic polymer emulsions, and lignin products. 
These materials are generally effective in minimizing dust; however, little is known about the 
effects of the products on the environment and human health (Hanes et al., 1970, Hanes et al., 
1976). Impacts will depend upon their composition, application rates, and interactions with other 
environmental components. Potential environmental impacts include: surface and groundwater 
quality deterioration; soil contamination; toxicity to soil and water biota; toxicity to humans 
during and after application; unintentional air pollution; accumulation in soils; changes in 
hydrologic characteristics of the soils; and impacts on native flora and fauna populations. The 
majority of studies on dust suppressants have focused on their effectiveness to abate dust and not 
on their environmental impacts.  Only a few studies have evaluated environmental impacts of 
dust suppressants (see the Literature Review in Appendix A). Furthermore, the majority of 
studies have focused on the application of dust suppressants to unpaved roads. An extensive 
literature review on the effectiveness of dust suppressants and some of their environmental 
impacts is provided in Appendix A.  
 
In order to quantify the impacts of dust suppressant application to the environment, several local 
agencies (Clark County Health District, Clark County Air Quality Management Agency, Las 
Vegas Valley Water District, Southern Nevada Water Authority, Clark County Flood Control 
District, and the City of Las Vegas), made the decision to financially support this research on the 
effects of dust suppressants on the water quality of the Las Vegas Valley.  The sponsoring 
agencies are part of the Clark County Dust Palliative Working Group which is comprised of 
local and state agencies, industry representatives, and academia. The objective of the working 
group was to evaluate the application of dust suppressants in the Las Vegas Valley.  The 
agencies recognize that research on other environmental impacts is also important; however, 
impacts of dust suppressants on water quality were given the highest priority for this study. 
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1.2. STATEMENT OF PROJECT OBJECTIVES AND APPROACH 
The objective of this research was to provide basic data for evaluating the water quality impacts 
of major categories of dust suppressants and soil stabilizers.  The ultimate goal of this research 
was to generate preliminary data that can guide future studies and provide scientific basis for 
proposed guidelines on the application of dust suppressants to disturbed lands.  Given the 
proximity of the Las Vegas Wash (end point of urban runoff from the Las Vegas Valley) to Lake 
Mead (drinking water source to the 1.2 million residents of the Las Vegas Valley), the 
application of any dust suppressant found to negatively impact chosen water quality criteria 
would likely be deemed undesirable.  
 
For this study, rainfall events were simulated onto land plots to which different dust suppressants 
were applied.  A site with soil characteristics representative of disturbed lands in the Las Vegas 
Valley was chosen.  The site was divided into individual plots and different categories of dust 
suppressants were applied.  The soils from each plot were evaluated to establish background 
characteristics.  Rainfall events were simulated on the dust suppressant-treated plots, and the 
runoff from the plots was collected and analyzed for several parameters. Finally, the soils were 
sampled after the rainfall events to determine the remaining levels of the different suppressants’ 
constituents . All comparisons were made in reference to a control plot that provides background 
concentrations.  
 

1.3. PROJECT ORGANIZATION  
This project involved the following researchers: 

 
- Dr. Thomas Piechota (PI), Assistant Professor, Department of Civil and Environmental 

Engineering, University of Nevada Las Vegas.  Telephone: 702-895-4412  
piechota@unlv.edu 

 
- Dr. Jacimaria Batista (Co-PI), Assistant Professor, Department of Civil and 

Environmental Engineering, University of Nevada Las Vegas.  Telephone: 702-895-1585 
jaci@ce.unlv.edu 

 
- Dr. David James (Co-PI), Associate Professor, Department of Civil and Environmental 

Engineering, University of Nevada Las Vegas.  Telephone: 702-895-3701 
daveearl@ce.unlv.edu 

 
- Daniela Loreto, Graduate Student, Department of Civil and Environmental Engineering, 

University of Nevada Las Vegas.  Telephone: 702-895-4339 
 daniela@unlv.edu 

 
- Vivek Singh, Graduate Student, Department of Civil and Environmental Engineering, 

University of Nevada Las Vegas.  Telephone: 702-895-2623 
 vivek@unlv.edu 
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1.4. SELECTION OF DUST SUPPRESSANTS 
The selection of the dust suppressants focused on products that represent different categories of 
dust suppressants. This research is not meant as an endorsement of any products. Instead, the 
overall goal was to provide preliminary information on the major categories of dust suppressants.  
The selection of individual products was based on input from the Clark County Dust Palliative 
Working Group where the following items were considered in making the product selection (See 

 for a list of products).  Table 1-1

Table 1-1: Summary of dust suppressants used in this study. 

1. Types of dust suppressants currently used in Clark County. 
2. Types of dust suppressants that may be used in the future in Clark County. 
3. Representation of all major categories of dust suppressants. 
4. Use of the product in a previous study by James et al. (1999) for Clark County 

that evaluated the “effectiveness” of dust suppressants 
 

Trade Name Category Manufacturer 

Poly-Bond Acrylic Polymer Soil Tech 

Soil Sement Acrylic Polymer Midwest Industrial Supply 

Enviro-tac Acrylic Polymer Environmental Product & Applications Inc.

EK35 Synthetic Iso-alkane Midwest Industrial Supply 

Plas-Bond Fiber Mulch Soil Solutions 

Dust Gard Magnesium Chloride Dustchem 

Road Pro Petroleum-based Midwest Industrial Supply 

Coherex Petroleum-based Golden Bear Oil 

Road Oyl Organic Nonpetroleum (Tall Oil) Soil Stabilization Products 

Dustac Ligninsulfonate Georgia Pacific 

Topein Ligninsulfonate Topein Emulsions 

 

1.5. SELECTION OF RAINFALL EVENT FOR SIMULATION 
The rainfall event which was simulated over the test plots was representative of natural rainfall 
occurring in the Las Vegas Valley. A rainfall intensity of 2.3 cm/hr (0.89 in/hr), which is 
between a 2 and 5 year – 1 hour storm at McCarran Airport as defined in the Clark County 
Hydrologic Design Manual (CCRFCD, 1999) (See ) was simulated. This event 
represents a reasonable sized storm that will result in sufficient runoff for the water quality 
experiments. 

Table 1-2
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Table 1-2: McCarran Airport rainfall – intensity (cm/hr) (from CCRFCD, 1999). 

Recurrence Interval (yr) Length 
of Event 
(hours) 2 5 10 25 50 100

0.08 4.57 8.23 10.67 14.02 16.46 19.20
0.17 3.81 6.71 8.69 11.28 13.56 15.54
0.25 3.35 5.79 7.52 9.86 11.68 13.41
0.5 2.24 3.96 5.13 6.65 7.87 9.09
1 1.32 2.26 2.92 3.81 4.52 5.23
2 0.76 1.30 1.65 2.16 2.57 2.92
3 0.53 0.91 1.17 1.55 1.83 2.11
6 0.30 0.51 0.66 0.86 1.02 1.17
24 0.13 0.18 0.20 0.25 0.28 0.30

 

1.6. SELECTION OF WATER QUALITY TESTS 
In this research, parameters were evaluated to determine: (a) the quality of the runoff emanating 
from the plots treated with dust suppressants, and (b) the residual contaminants remaining in the 
soil extract after rainfall events. In Nevada, there are currently no regulations for the quality of 
runoff waters. However, Nevada has water quality standards for aquatic life and for surface 
waters contaminated by hazardous substances present in soils. The parameters to be analyzed in 
this research were chosen by contrasting federal and state regulations on water quality for aquatic 
life, regulations on hazardous waste pollutants, and priority pollutant regulations. The majority 
of the toxic substances regulated by the state of Nevada are included in the EPA National 
Recommended Water Quality Criteria for Priority Pollutants. The following regulations were 
compiled and contrasted to determine analyses to be performed in the runoff and soil extract 
from the plots to which suppressants were applied: 
 

1. The EPA National Recommended Water Quality Criteria for freshwater for priority 
pollutants (Table B.2 - Appendix B). 

2. The EPA National Recommended Water Quality Criteria for freshwater for non-
priority pollutants (Table B.3 - Appendix B). 

3. The Nevada NAC 445A.119 for beneficial uses (aquatic life) (Table B.4 – Appendix 
B). 

4. The Nevada NAC 445A.144 for toxic substances (Table B.1 – Appendix B) 
5. The Nevada NAC 445A.2272 for waters emanating from contaminated soil was 

consulted and it was learned that this regulation calls for the Toxicity Characteristic 
Leaching Procedure (TCLP) and for petroleum hydrocarbon concentration in soil 
(Table B.5 - Appendix B). 

6. The Material Safety Data Sheets (MSDS) for the dust suppressants under 
consideration were examined and components, which reflect their composition, were 
added to the analysis. 

7. The EPA Synthetic Precipitation Leaching Procedure, Method 1312 (Appendix C). 
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The EPA freshwater priority and non-priority pollutant lists, the Nevada beneficial use and toxic 
substances regulations for aquatic life (NAC 445A.119 and NAC 445A.144), regulations for 
waters from contaminated soils (TCLP - NAC 445A.2272), and the potential harmful substances 
based on the MSDS’s were combined to create Table B.6 (Appendix B).  These components 
were analyzed in the runoff emanating from the plots to which suppressants were applied. 
 
For the analysis of the residual contaminants in the soil, samples were taken from the top two 
inches of the treated plots, after rainfall simulation, and leached using the EPA Synthetic 
Precipitation Leaching Procedure (Method 1312).  All analyses were performed in duplicate 
samples and the values shown on the graphs are the average of the readings obtained.  Table 1-3 
presents all components analyzed in the runoff samples.  The highlighted compounds were 
analyzed in the soil extract. 
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Table 1-3: Contaminants analyzed for in the runoff and soil extract from the plots treated with 
dust suppressants. 
Compound Compound 
Organochlorine Pesticides and PCBs: Chromium 
Aldrin Copper 
Alpha-BHC Iron 
Beta-BHC Lead 
A-Chlordane Manganese 
B-Chlordane Mercury 
4,4’-DDD Nickel 
4,4’-DDE Selenium 
4,4’-DDT Silver 
Delta-BHC Thallium 
Dieldrin Zinc 
Endosulfan I Inorganic and Other Parameters: 
Endosulfan II Chloride 
Endosulfan Sulfate pH 
Endrin Total Organic Carbon (TOC) 
Endrin Aldehyde Chemical Oxygen Demand (COD) 
Gamma-BHC (Lindane) Biochemical Oxygen Demand (BOD) 
Heptachlor Conductivity 
Heptachlor Epoxide Salinity 
Malathion Nitrate 
Methoxychlor Sulfate 
Mirex Ammonia-Nitrogen 
Toxaphene Cyanide 
Aroclor-1016 Turbidity 
Aroclor-1221 Hardness 
Aroclor-1232 Phosphate 
Aroclor-1242 Alkalinity 
Aroclor-1248 Total Solids 
Aroclor-1254 Total Dissolved Solids 
Aroclor-1260 Total Volatile Solids 
Metals: Total Suspended Solids 
Aluminum Coliform 
Arsenic Sulfide 
Barium Volatile Organic Compounds (Table 1-3A) 
Boron Semi-Volatile Organic Compounds (Table 1-3B) 
Cadmium  
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Table 1-3A: Volatiles organic compounds analyzed for in the runoff from the plots treated with 
dust suppressants. 
Compound Compound 
Acetone 1,3-Dichloropropane 
Benzene 2,2-Dichloropropane 
Bromobenzene (Phenyl bromide) 1,1-Dichloropropene 
BROMOCHLOROMETHANE  cis-1,3-Dichloropropene 
Bromodichloromethane  trans-1,3-Dichloropropene 
Bromoform (Tribromomethane) Ethylbenzene 
Bromomethane (Methyl bromide) Hexachlorobutadiene 
2-Butanone (MEK, Methyl ethyl ketone) 2-Hexanone 
n-Butylbenzene Isoproprylbenzene 
sec-Butylbenzene p-Isopropyltoluene (4-Isopropyltoluene) 
tert-Butylbenzene MTBE 
Carbon disulfide 4-Methyl-2-pentanone (MIBK) 
Carbon tetrachloride (Tetrachloromethane) Methylene chloride (Dichloromethane, DCM) 
Chlorobenzene Naphthalene 
Chloroethane n-Propylbenzene 
2-Chloroethyl vinyl ether Styrene 
Chloroform (Trichloromethane) 1,1,1,2-Tetrachloroethane 
Chloromethane (Methyl chloride) 1,1,2,2-Tetrachloroethane 
2-Chlorotoluene (o- Chlorotoluene) Tetrachloroethene (Tetrachloroethylene) 
4-Chlorotoluene (p- Chlorotoluene) Toluene (Methyl benzene) 
Dibromochloromethane 1,2,3-Trichlorobenzene 
1,2-Dibromo-3-chloropropane (DBCP) 1,2,4-Trichlorobenzene 
1,2-Dibromoethane (EDB, Ethyl dibromide) 1,1,1-Trichloroethane 
Dibromomethane 1,1,2-Trichloroethane  
1,2-Dichlorobenzene (o-DCB) Trichloroethene (Trichloroethylene) 
1,3-Dichlorobenzene (m-DCB) Trichlorofluoromethane  
1,4-Dichlorobenzene (p-DCB) 1,2,3-Trichloropropane 
Dichlorodifluoromethane (Freon 12) 1,2,4-Trimethylbenzene 
1,1-Dichloroethane (1,1-DCA) 1,3,5-Trimethylbenzene 
1,2- Dichloroethane (1,2-DCA) Vinyl acetate 
1,1- Dichloroethene (1,1-DCE) Vinyl chloride (chloroethene) 
cis-1,2-Dichloroethene o-Xylene 
trans-1,2-Dichloroethene m,-& p-Xylenes 
1,2-Dichloropropane  
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Table 1-3B: Semi-volatile organic compounds analyzed for in the runoff and soil extract from 
the plots treated with dust suppressants. 
Compound Compound 
Acenaphthene 2,4-Dinitrotoluene 
Acenaphthylene 2,6-Dinitrotoluene 
Anthracene Fluoranthene 
Benzo (a) anthracene Fluorene 
Benzo (a) pyrene Hexachlorobenzene 
Benzo (b) fluoranthene Hexachlorobutadiene 
Benzo (g,h,i) perylene Hexachlorocyclopentadiene 
Benzo (k) fluoranthene Hexachloroethane 
Benzoic acid Indeno (1,2,3-cd) pyrene 
Benzyl alcohol Isophorone 
bis (2-chloroethoxy) methane 2-Methylnaphthalene 
bis (2-chloroethyl) ether 2-Methylphenol 
bis (2-chloroisopropyl) ether 4-Methylphenol 
bis (2-ethylhexyl)phthalate 2-Methyl-4,6-dinitrophenol 
4-Bromophenyl-phenylether N-Nitroso-di-n-propylamine 
Butylbenzylphthalate N-Nitrosodiphenylamine 
4-Chloro-3-methylphenol Naphthalene 
4-Chloroaniline 2-Nitroaniline 
2-Chloronaphthalene 3-Nitroaniline 
2-Chlorophenol 4-Nitroaniline 
4-Chlorophenyl-phenylether Nitrobenzene 
Chrysene 2-Nitrophenol 
Di-n-butylphthalate 4-Nitrophenol 
Di-n-octylphthalate Pentachlorophenol 
Dibenz (a,h) anthracene Phenanthrene 
Dibenzofuran Phenol 
1,3-Dichlorobenzene Pyrene 
1,2-Dichlorobenzene Pyridine 
1,4-Dichlorobenzene 1,2,4-Trichlorobenzene 
3,3’-Dichlorobenzidine 2,4,5-Trichlorophenol 
2,4-Dichlorophenol 2,4,6-Trichlorophenol 
Diethylphthalate Aniline 
2,4-Dimethylphenol Azobenzene 
Dimethyl phthalate Benzidine 
2,4-Dinitrophenol Carbazole 
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SECTION 2: FIELD SITE PROCEDURES 

2.1. SITE DESCRIPTION 
The ideal experimental site for this research was representative of soils in Clark County, had safe 
and secure access, a water supply, minor grading requirements of the surface to simulate 
disturbed lands, and native soil. The field experiments took place at the West Central Reservoir 
and Well Field site (7512 West Charleston Blvd - Figure 2-1), which is currently owned by the 
Las Vegas Valley Water District (LVVWD). There is an above ground reservoir located in the 
southwest portion of the site and several pumping wells throughout the site (Figure 2-2). 

Figure 2-1: General location of the experimental site for dust suppressant application and testing 
in Clark County, Nevada. 
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CHARLESTON BLVD.

BUFFALO

Experimental 
Field Site
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BUFFALO
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Figure 2-2: Overview of experimental site owned by the Las Vegas Valley Water District 
(LVVWD). 

Figure 2-2
 
The test plots for this study were located in the middle of the LVVWD property ( ).  
The existing condition of the land surface was typical of a desert type landscape with small scrub 
brush and various rock piles (see  and ). The U.S. Department of 
Agricultural (USDA) Natural Resources Conservation Service (formerly the Soil Conservation 
Service – USDA, 1985) has classified the general soil type for this site as “Cave-Las Vegas-
Goodsprings-Destazo-Tencee.”  More specifically, the type of soil is “cave gravelly fine sandy 
loam”.  The USDA has identified 10 general soil types in the Las Vegas Valley area: Rock 
Outcrop-St. Thomas-Akela-Hobog, Cave-Las Vegas-Goodsprings-Destazo-Tencee, Jean-Arizo, 
Bluepoint-Knob Hill, Weiser-Dalian-Canutio-Casaga, Caliza-Aztec-Bracken-Nickel, McCarran-
Badland-Grapevine, Glencarb-Skyhaven, Land-Spring-Paradise, Gravel Pits-Dumps-Slickens, 
and each soil type represents 15.2%, 35.6%, 7.3%, 2.3%, 15.1%, 8.1%, 5.7%, 5.5%, 2.6%, 2.7% 
of the Las Vegas Valley area, respectively (see Figure 2-3).  Thus, the soil used in the study site 
is representative of the soils for 35.6% of the Las Vegas Valley area based on general soil 
classifications. 

Figure 2-3 Figure 2-4
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Figure 2-3: Soil types for the Las Vegas Valley based on NRCS-USDA classifications. 
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Figure 2-4: Experimental site before grading. 

2.2. SITE PREPARATION 

2.2.1. Grading 
The study seeks to investigate the use of dust suppressants on disturbed lands; therefore, the 
central portion of the property was graded to create a surface similar to a construction site.  This 
was accomplished with a construction blade (courtesy of Las Vegas Paving) that scraped the 
surface and removed all vegetation ( ).  This created a uniform surface with the same 
slope as the existing ground (approximately 3%). 

Figure 2-5

Figure 2-5: Experimental site after grading. 
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2.2.2. Plot Preparation 
After grading the site, twelve plots (1 control and 11 for dust suppressants) were created with 
overall dimensions of 10 meters x 10 meters (33 ft x 33 ft) (See Figure 2-6).  Each individual 
dust suppressant was applied to the entire surface of a specific plot. Subplots that are 2.4 meters 
x 2.4 meters (8 ft x 8 ft) were created inside the larger plot and rainfall simulation was performed 
separately on each plot shown in Figure 2-7. These smaller plots were created to assist in the 
collection of surface water runoff.  
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Figure 2-6: Individual plot location of applied dust suppressants. Control Plot 6 was used for 
water quality tests whereas Control Plots 6A and 6B were used for hydrologic impact 
calculations. 
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Figure 2-7: Typical layout for one dust suppressant plot with subplots used for rainfall 
simulation 

2.3. SITE CHARACTERIZATION 

2.3.1. Physical Properties of Soils 
Soil samples were taken from each plot and analyzed at the UNLV Soils Laboratory prior to dust 
suppressant application.  Approximately 5 Kg of soil were taken from each plot and placed into 
plastic bags.  Sub-samples (about 2 Kg) were sealed in plastic bags and transported to the 
laboratory for soil properties testing.  The tests that were used to physically characterize the soil 
properties from each plot are summarized in  and a summary of the results is provided 
in Table 2-2 and Appendix D. All soils are classified as “well-graded sand with gravel”.  The soil 
properties for all the plots are uniform, with the exception of Plot No. 7.  All the plots have very 
low moisture content (less than 1%), and permeability values are comparable to those for silty 
sand soils (Fetter, 1994). 

Table 2-1

Table 2-1: Summary of standard tests used to physically characterize soils from each test plot. 

Soil Parameter Test Method 
Grain Size Analysis Mechanical Method (ASTM D2487) 
Weight- Volume Relationship ASTM D4253-93, D4254-91, D4718-87, D243-90 
Permeability Falling Head Test (ASTM D2434) 
Classification USDA Classification 
Classification AASHTO Classification 
Specific Gravity ASTM D854-92 
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Table 2-2: Summary of the physical soil properties for all the test plots 

Plot No. Permeability 
(cm/s) Porosity Density 

(kg/m3) 
Moisture 

content (%) 
Specific 
Gravity 

1 2 x 10-4 0.19 1458 0.38 2.75 
2 3 x 10-4 0.21 1424 0.62 2.39 
3 4 x 10-4 0.20 1450 0.67 2.64 
4 3 x 10-4 0.21 1450 0.65 2.90 
5 5 x 10-4 0.21 1514 0.53 2.73 
6 1 x 10-4 0.16 945 0.53 3.36 
7 1 x 10-4 0.19 887 0.75 2.52 
8 3 x 10-4 0.18 1457 0.74 2.64 
9 3 x 10-4 0.18 1478 0.52 2.56 
10 2 x 10-4 0.16 1668 0.49 2.39 
11 3 x 10-4 0.16 1752 0.38 2.75 
12 2 x 10-4 0.14 1026 0.62 2.39 

Control Plot 6A 4 x 10-4 0.20 1450 0.67 2.64 
Control Plot 6B 3 x 10-4 0.18 1457 0.74 2.64 

 

2.4. APPLICATION OF DUST SUPPRESSANTS 
The 11 different dust suppressants were applied to the test plots in the summer of 2001. The 
application of dust suppressants followed the manufacturer’s specifications and was performed 
by local dust suppressant applicators (Soil Solutions Co., Inc. and Stewart & Stewart Fine Grade, 
Inc). The dust suppressants were topically applied at the rates specified by the manufacturers. 
Some dust suppressants can be windrowed into the soils; however, this study focused on the 
more common topical application method of dust suppressants. Topical application also 
represents the worst-case scenario for chemicals entering the surface water runoff. Table 2-3 
provides the application date, application rates, and dilution for each dust suppressant. The plot 
numbers in Table 2-3 correspond to those in Figure 2-6. The application rates vary according to 
many factors such as, type of product, degree of dust control required, traffic surface, and 
climatic considerations. All of the dust suppressants were applied on the surface with a spray 
hose that received the dust suppressant from a mixing reservoir. A sample of each product 
applied was collected in a polypropylene bottle during the field application. It was necessary to 
apply Coherex through spray jets behind a truck with a reservoir that maintains the suppressant 
at 82oC (180oF). Figure 2-8 and Figure 2-9 present two examples of dust suppressant application 
in the field. 
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Table 2-3: Dust suppressant application rates and plot locations. 

Trade Name Type Date Applied Dilution / Mix Application 
Rate * Plot #

Road Pro Petroleum-based 08/07/2001 No Dilution 0.25 gal/yd2 1 

Road Oyl Organic 
Nonpetroleum 

06/29/2001 1:5 0.20 gal/yd2 2 

Enviro-tac Acrylic Polymer er 06/29/2001 06/29/2001 - - - - 3 3 

Topein Topein Ligninsulfonate Ligninsulfonate 06/15/2001 06/15/2001 1:7 1:7 0.50 gal/yd2 0.50 gal/yd 4 4 

Dustac Dustac Ligninsulfonate Ligninsulfonate 06/15/2001 06/15/2001 0.25 lb/gal 0.25 lb/gal 0.75 gal/yd2 0.75 gal/yd 5 5 

Soil Sement Soil Sement Acrylic Polymer Acrylic Polymer 06/26/2001 06/26/2001 1:4 1:4 0.25 gal/yd2 0.25 gal/yd 7 7 

EK35 EK35 Synthetic Iso-alkaneSynthetic Iso-alkane 06/26/2001 06/26/2001 No Dilution No Dilution 0.25 gal/yd2 0.25 gal/yd 8 8 

Plas-Bond Plas-Bond Fiber Mulch Fiber Mulch 06/26/2001 06/26/2001 water water 
500 lb gypsum 500 lb gypsum 
300 lb mulch 300 lb mulch 
10-15 lb color 10-15 lb color 

6000 lb/acre 6000 lb/acre 
1.24lb/yd2      

(Dry Product) 
1.24lb/yd

9 9 

Poly-Bond Poly-Bond Acrylic Polymer Acrylic Polymer 06/21/2001 06/21/2001 1:4 1:4 0.50 gal/yd2 0.50 gal/yd 10 10 

Coherex Coherex Petroleum-based Petroleum-based 06/08/2001 06/08/2001 1:4 1:4 0.35 gal/yd2 0.35 gal/yd 11 11 
Dust Gard Dust Gard Magnesium 

Chloride 
Magnesium 

Chloride 
06/26/2001 06/26/2001 No Dilution No Dilution 0.5 gal/yd2 0.5 gal/yd 12 12 

2 
2 
2 

2 

2      
(Dry Product) 

2 
2 

2 

* Application rates are for the diluted mixture 

Figure 2-8: The application of Enviro-tac onto a test plot by Stewart & Stewart Fine Grade, Inc. 
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Figure 2-9: The application of Coherex to a test plot by Soil Solutions Co, Inc.  

2.5. RAINFALL SIMULATION SYSTEM 
A rainfall simulation system for the field experiments was constructed for several reasons. First, 
Las Vegas receives sporadic rainfall events and it would be problematic to collect runoff from 
these uncontrolled events.  Secondly, the magnitude of these natural rainfall events may not be 
enough to generate sufficient runoff for water quality tests.  Lastly, a rainfall simulation system 
permits a set of controlled experiments at a predefined rainfall rate.  Following is a description of 
the rainfall simulation system. 

2.5.1. Description of System 

2.5.1.1. Configuration 
A general layout of the rainfall simulator system is presented in Figure 2-10. The LVVWD tap 
water was treated using a Reverse-Osmosis (RO) system, stored in a 4,165 liters (1,100-gallon) 
plastic reservoir, and pumped to the rainfall simulator towers. The use of RO treated water 
ensured that any chemicals coming from the runoff would either be from the soils or dust 
suppressants. The pump was needed to provide enough pressure at each tower to maintain 
desired flow. Each rainfall simulation tower is composed of three legs made of aluminum poles 
that are 2.4 meters in height, and support a pressure gauge and nozzle. Gauges were incorporated 
into the rainfall simulator system to verify the pressure in each nozzle. The rainfall rate depends 
on the nozzle type and pressure in the system.  The nozzle is a ¼ GG – SS 10W (Full Jet) nozzle, 
from the Spraying System Company (Wheaton, IL).  A schematic of one rainfall simulator tower 
is provided in Figure 2-11 and an actual setup of the rainfall towers is shown in Figure 2-12. 
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Figure 2-10: Layout of the rainfall simulator system. 
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Figure 2-11: Typical rainfall simulator tower. 
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Figure 2-12: Actual layout of the rainfall simulation towers at a test plot.  

 

2.5.1.2. Testing of Rainfall Towers 
Two variables that control the rainfall rate and distribution are the pressure at the nozzle and the 
spacing between the rainfall towers.  To determine the appropriate pressure and tower spacing, 
experiments were performed over an area equal to the size of each test plot (2.4 meters x 2.4 
meters).  The spacing between the towers was varied, and the pressure at the nozzle was varied 
using a flow valve.  Experiments were performed using a tower spacing of 3 and 4 meters with 
pressures varying from 89 to 152 kPa (13.0 to 22.0 psi). 
 
The actual rainfall depth during the rainfall simulation was determined with nine gages placed 
inside the plot and on the perimeter ( ).  A measure of how uniform the rainfall is 
spatially distributed over the control area (plot) is the coefficient of uniformity (CU) (Zoldoske, 
1998):  
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where M is the mean of the applied rainfall over the plot (as measured by the gages), D is the 
average absolute deviation from M, Xi is the individual rainfall value within the plot, and n is the 
number of individual points sampled in the plot. CU varies from 0 to 1 where a high CU value 
represents a uniform distribution of rainfall over the plot.  The CU was determined for each 
experiment, and experiments that had a CU value greater than 0.80 were considered adequate for 
the field simulations (Zoldoske, 1998).  
 

Rainfall 
gages 

Rainfall 
Simulation Area 
(2.4m x 2.4m) 

Figure 2-13: Spatial distribution of the rainfall gages. The location of the rainfall gages were 
selected to provide a uniform distribution throughout the plot. 
Figure 2-13: Spatial distribution of the rainfall gages. The location of the rainfall gages were 
selected to provide a uniform distribution throughout the plot. 

  
Initially, the distance between the towers was 3 meters and the pressures varied from 89 to 152 
kPa.  In Figure 2-14, rainfall intensity increases with increasing pressure.  The maximum 
intensity in these experiments was 33.3 mm/hr (1.31 in/hr) with a pressure of 152 kPa (22 psi) at 
the nozzle.  The CU was also the highest at this point. Generally, the CU value increases with 
increasing pressure and rainfall intensity.  A graphical representation of the CU value is provided 
in Figure 2-15 by plotting the spatial distribution of rainfall. 

Initially, the distance between the towers was 3 meters and the pressures varied from 89 to 152 
kPa.  In Figure 2-14, rainfall intensity increases with increasing pressure.  The maximum 
intensity in these experiments was 33.3 mm/hr (1.31 in/hr) with a pressure of 152 kPa (22 psi) at 
the nozzle.  The CU was also the highest at this point. Generally, the CU value increases with 
increasing pressure and rainfall intensity.  A graphical representation of the CU value is provided 
in Figure 2-15 by plotting the spatial distribution of rainfall. 
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Figure 2-14: Summary of relationship between pressure, intensity, and coefficient of uniformity 
(CU) at a tower spacing of 3 meters. 
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Figure 2-15: Spatial distribution of rainfall over the plot area for a pressure of 131 kPa (19 psi), 
and a 3 meter tower spacing (CU = 0.91).  
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The distance between the rainfall towers was increased to 4 meters and the pressures varied from 
89 to 152 kPa (13 to 22 psi). Figure 2-16 and  present the results of these 
experiments.  Similar to the previous experiments at a 3-meter spacing, the experiments had an 
increasing CU value with increasing pressure and rainfall intensity.  The rainfall intensities were 
lower for this set of experiments since the tower spacing was increased. An intensity as low as 
0.61 in/hr was achieved with a pressure of 89 kPa (13 psi).  The CU for all pressures and tower 
spacing was greater than 0.80.  shows an example of the spatial distribution of 
rainfall for a pressure of 131 kPa (19 psi).  

Figure 2-17

Figure 2-17

 
A tower spacing of 4 meters with a pressure of 131 kPa (19 psi) was selected based on the above 
tests.  This operating point results in a rainfall intensity of 23 mm/hr (0.89 in/hr), which is 
between a 2 and 5 year – 1 hour storm at McCarran Airport as defined in the Clark County 
Hydrologic Design Manual (CCRFCD, 1999) (See Table 1-2). This event represents a reasonable 
sized storm that will result in sufficient runoff for the water quality experiments. 
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Figure 2-16: Summary of relationship between pressure, intensity, and coefficient of uniformity 
(CU) at a tower spacing of 4 meters. 
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Figure 2-17: Spatial distribution of rainfall over the plot area for a pressure of 131 kPa (19 psi), 
and a 4 meter tower spacing (CU = 0.91). 

 

2.5.1.3. Quality of Rainfall Water 
Because of the many interactions of the soil components with the suppressants and the rainfall, it 
was important that the composition of the water used in the simulated rainfall events be as close 
as possible to that of the rainfall in the Las Vegas area. The average composition of the rainfall 
in the Las Vegas Valley, as reported by the National Atmospheric Deposition Program for a 
station located in Red Rock Canyon is summarized in Appendix E.  The characteristics of the 
rainfall water in the Red Rock Canyon Station include an average pH of 5.4, an average 
conductivity of 9.52 µS/cm, and very low concentrations of cations and anions.  Since the Las 
Vegas tap water has very high hardness (about 300 mg/L as CaCO3), a RO system was used to 
generate a water quality similar to that of rainfall events. The RO system used is a Culligan B – 
4L Plus RO system preceded by a Culligan MK-89 carbon filter to remove organics and chlorine. 
Las Vegas tap water was the input to the RO system to generate a water supply with 
characteristics similar to those of rainfall.   
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2.5.1.4. Weather Monitoring 
Experiments were performed in the morning to minimize evaporation losses and during low 
wind conditions to ensure uniform rainfall distribution.  The environmental conditions in the 
field were recorded using a Davis Wireless Weather Monitor II Station that records wind 
velocity, temperature, and relative humidity. 

2.5.1.5. Runoff Collection System 
The runoff generated from each test plot was collected in order to evaluate the runoff quantity 
and quality.  The collection of the runoff was accomplished with a 3.81 cm (1½ in.) PVC pipe 
that was cut to form a semi-circular channel.  The pipe was placed on the downstream side of the 
plot and it conveyed the runoff to a polypropylene bottle (  and ).  Berms 
were placed along the side of the plot to ensure that all runoff drained to the pipe.  The rainfall 
simulation was performed on two of the sub plots of each dust suppressant plot shown in 

 and the control plot.  The composite runoff sample was then transported on ice to the UNLV 
environmental engineering laboratory for chemical analysis. 

 and ).  Berms 
were placed along the side of the plot to ensure that all runoff drained to the pipe.  The rainfall 
simulation was performed on two of the sub plots of each dust suppressant plot shown in 

 and the control plot.  The composite runoff sample was then transported on ice to the UNLV 
environmental engineering laboratory for chemical analysis. 

Figure 2-18

Figure 2-18: Runoff collection system created for each subplot. 

-18

Figure 2-18: Runoff collection system created for each subplot. 
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Figure 2-19: Runoff collection system in the field 

2.6. SAMPLE HANDLING, STORAGE, PRESERVATION AND IDENTIFICATION 

2.6.1. Handling, Storage and Preservation 
During the rainfall simulations, composite runoff samples were collected in a clean 3.78 liter (1-
gallon) cubitainer.  In the field, 100 ml of sample was collected into acidified vola-vials for the 
analysis of volatile organic compounds.  In addition, a sample was collected, in the field, into a 
sterile vial for coliform analysis.  The remaining composite sample was transported on ice to 
UNLV environmental engineering laboratory, divided into aliquots, preserved and stored 
according to the standards procedures summarized in Appendix F.  

2.6.2. Identification 
Samples were identified with the project name, date, and name of the person taking the samples.  
A chain of custody system was used to track the samples from the field to the laboratory.  
Sampling procedures and results of all analyses were kept in hand-written, bound laboratory 
notebooks that were available for inspection.  All analytical results were calculated using 
appropriate equations and reported in appropriate concentration units.  Reduced data was 
transferred to spreadsheets, and was periodically reviewed by the research assistant and principal 
investigators.  All data classified as outliners (data that does not satisfy QA objectives) were 
immediately examined in detail and corrective actions taken. 
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SECTION 3: ANALYTICAL METHODS USED FOR THE ANALYSIS OF THE 
RUNOFF AND SOIL EXTRACT 

 
 
The following procedures were used in the analysis of the runoff and soil extract performed in 
this research. 
 
pH 
A Corning pH/ion meter 450 (New York, NY) with an Orion combination probe (Beverly, MA) 
and a Corning General Purpose Combo were used in the experiments.  Calibration was 
performed with pH standards of 4.0, 7.0 and 10.0. 
 
Chloride 
Chloride was analyzed as per Standard Method 4110 using a DX-120 Ion Chromatograph (IC) 
equipped with an IonPac AS11 separation column, an IonPac AG-11 4-mm guard column 
(Sunnyvale, CA).  A self-regeneration suppressor and external water mode were used.  Five-mM 
NaOH (sodium hydroxide) was used as the eluent in the analysis.  The sample injection volume 
was 25-µL, the flow rate for the eluent was 1.00 ml/min.  The IC calibration curve achieved a R2 
(from linear least square analysis) value of 0.997 or greater.  A quality control (QC) sample was 
analyzed every 20 samples. 
 
Total Organic Carbon 
Non-Purgable Organic Carbon (NPOC) was measured in all runoff and soil extraction samples 
using a total organic carbon analyzer, Shimadzu TOC-5000A (Moorpark, CA).  An R2 (from 
least square analysis) of 0.998 or greater was maintained in the calibration curves. 
 
Chemical Oxygen Demand 
Chemical Oxygen Demand (COD) test was performed using low and high range pre-mixed Hach 
(Loveland, CO) COD vials, a Hach COD reactor, and a Milton Roy Spectronic 20 
spectrophotometer.  A COD vial containing DI water was used as the blank to calibrate the 
spectrophotometer. 
 
Biological Oxygen Demand 
BOD testing was performed as per Standard Method 5210B.  Samples were seeded with 
domestic wastewater in 300-ml BOD bottles to promote biological oxidation of the potential 
biodegradable organic matter in the samples.  The Dissolved Oxygen (DO) of the samples was 
determined using a YSI 54 A Dissolved Oxygen meter (Yellow Springs, OH) with a YSI 5720 
probe.  BOD dilution water was used as the blank control.  After seeding, samples were 
incubated at 20ºC for a period of five days.  Dissolved Oxygen was measured before and after 
incubation and the BOD was calculated from the difference between the initial and the final DO 
measured in the bottles. 
 
Conductivity and Salinity 
An YSI Model 30 salinity/conductivity meter (Yellow Springs, OH) was used to measure the 
conductivity of the runoff and soil extracts.  Salinity was calculated from the conductivity 
measured in the filtered samples using the practical salinity scale that was modified for low 
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salinity ranges as per Hill, et al. (1986).  The calculation method used for the salinity is presented 
in Appendix G. 
 
Nitrate, Sulfate, Sulfide, Ammonia-Nitrogen, Cyanide, and Turbidity 
Nitrate, sulfate, ammonia-nitrogen, and cyanide were measured using a Hach DR/890 
Colorimeter following the procedures suggested by the manufacturer (Hach, Loveland, CO).  
Turbidity was measured for runoff samples using the same equipment. 
 
Hardness 
Hardness testing was performed using a Hach Hardness Kit that uses the EDTA Titrimetric 
Method as described in Standards Methods 2340C (APHA, 1995) for both, runoff and soil 
samples. 
 
Phosphate 
Phosphate was measured using the Ascorbic Acid Method # 4500E (APHA, 1995).  A 
Spectronic 20D spectrophotometer with infrared phototube for use at 880 nm, providing light 
path of 2.5 cm was used to measure the phosphorus concentration.  To correct for color 
interference, present in most of the samples, a blank was prepared by adding sulfuric acid and 
ammonium molybdate to the samples.  The blank absorbance was subtracted from each sample 
absorbance to obtain the final result. 
 
Alkalinity 
Alkalinity was measured using the Titration Method # 2320B (APHA, 1995).  A Corning pH/ion 
meter 450 (New York, NY) was used to measure the initial and final pH values of the samples. 
 
Gravimetric tests 
Total Solids (TS), Total Volatile Solids (TVS), Total Suspended Solids (TSS), and Total 
Dissolved Solids (TDS) analyses were performed gravimetrically in the runoff from all the plots 
using Standard Method procedure #2540 (APHA, 1995).  In addition, TDS was analyzed in the 
soil extract from the treated and control plots. 
 
Coliform 
Coliform was determined in the runoff samples using the Chromogenic Substrate Coliform Test 
# 9223B (APHA, 1995).  Tests were performed using Colilert, a product from the Idexx 
Laboratories, Inc. (Westbrook, ME).  A 100-ml of diluted sample was added to the reagent 
container provided by the manufacturer.  The enzymatic substrate was added to the reagent 
container and mixed to dissolve.  The mixture was then placed on Quanti-Trays, and sealed 
using a Quanti-Tray/2000 sealer.  The sealed trays were incubated at 35ºC for 24 hours.  The 
Most Probable Number (MPN) of coliform was evaluated using the MPN table provided by 
Idexx Laboratories, Inc. 
 
Iron 
Iron was measured using a Perkin-Elmer AAnalyst 100 Atomic Absorption Spectrometer 
(Norwalk, CT).  Calibration of the equipment was performed using two-point calibration.  All 
samples and standards used to perform the calibration were acidified with HNO3 prior to 
analysis. 
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Other Metals 
Metals such as aluminum, arsenic, barium, boron, cadmium, chromium, copper, lead, 
manganese, nickel, selenium, silver, thallium, and zinc, were measured using a Perkin Elmer 
Elan 5000 (Norwalk, CT) Inductively Coupled Plasma–Mass Spectrometer (ICP-MS) at the 
Harry Reid Center for Environmental Studies at UNLV.  Method 200.8 (External Standard 
Method by Ultrasonic Nebulizer) was followed. 
 
Mercury 
Mercury was determined according to USEPA Method 1631 “Mercury in Water by Oxidation, 
Purge and Trap, and Cold Vapor Atomic Fluorescence Spectrometry” using a Tekran CVAFS 
Mercury System Model 2600 (Toronto, CA) at the Harry Reid Center for Environmental Studies 
at UNLV.  Samples were preserved with bromine monochloride (BrCl). 
 
Volatile Organic Compounds 
Volatile organic compounds were measured in the runoff samples by American Scientific 
Laboratories, LLC (Los Angeles, CA) using EPA Method 8260B.  Analyses were performed 
using a HP 5972 Mass Selective Detector (MSD) with a HP-624 capillary column. 
 
Semi-Volatile Organic Compounds 
Semi volatile organic compounds were analyzed by D-TEK Analytical Laboratories, Inc. (San 
Diego, CA) using EPA Method 3510 for extraction, and EPA Method 8270 for runoff and soil 
extract analyses.  Analyses were performed using a HP 5890 Series II GC/MS with a DB-5 
capillary column. 
 
Organochlorine Pesticides and Polychlorinated Biphenyls (PCBs) 
Organic pesticides and PCBs were measured by D-TEK Analytical Laboratories, Inc. (San 
Diego, CA) using EPA Methods 3510 and 3620 for extraction and EPA Methods 8081 and 8082 
for runoff and soil extract analyses.  Those compounds were measured using a HP 5890 Series II 
GC/MS with two capillary columns, DB-608 and DB-1701. 
 
Table 3-1 summarizes all the analyses, analytical methods, equipment, and quality 
assurance/control procedures used in this study. 
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Table 3-1: Summary of methods, equipment, and QA/QC procedure used in the analyses. 

Analysis     Analytical Method Equipment QA/QC Reference
pH  Corning pH/ion meter 450, 

Orion combination probe. 
Calibrated with pH standards 
of 4, 7, and 10. 

 

Chloride  Ion Chromatography DX-120 Dionex AS11/AG11 
columns, 25 µl sample loop, 
0.5 mM NaOH eluent, self 
regeneration suppressor, and 
external water mode. 

Calibration curve R2 ≥ 0.997. 
Calibrated with chloride 
standards - 1 to 50 mg/L. 
QC run after every 20 
samples. 

Standard Method 4110 

TOC Total Organic Carbon – 
Combustion-Infrared Method 

Shimadzu TOC-5000A  Calibration curve R2 ≥ 0.998 Standard Method 5310B 

COD Chemical Oxygen Demand Pre-mixed Hach COD vials, 
Hach COD reactor, 
Spectronic 20 
Spectrophotometer 

 Standard Method 5220 

BOD  Biochemical Oxygen
Demand 

 YSI 54 A Dissolved Oxygen 
instrument, YSI 5720 probe 

 Standard Method 5210B 

Conductivity  YSI Model 30 system. QC after every 20 samples  
Salinity  Hill et al. (1986) equations  Hill et al., 1986 
Nitrate  Colorimetry Hach DR/890 Colorimeter QC after every 20 samples Hach Datalogging 

Colorimeter Handbook 
Sulfate Colorimetry Hach DR/890 Colorimeter QC after every 20 samples Hach Datalogging 

Colorimeter Handbook 
Sulfide Colorimetry Hach DR/890 Colorimeter QC after every 20 samples Hach Datalogging 

Colorimeter Handbook 
Ammonia-N Colorimetry Hach DR/890 Colorimeter QC after every 20 samples Hach Datalogging 

Colorimeter Handbook 
Cyanide Colorimetry Hach DR/890 Colorimeter QC after every 20 samples Hach Datalogging 

Colorimeter Handbook 
Turbidity    Colorimetry Hach DR/890 Colorimeter Hach Datalogging 

Colorimeter Handbook 
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Table 3-1: Summary of methods, equipment, and QA/QC procedure used in the analyses. (continued). 
   Analysis Analytical Method Equipment QA/QC  Reference

Hardness Colorimetry/Titration Hach Hardness Test Kit  Standard Method 2340C 
Phosphate Ascorbic Acid Method Spectronic 20D 

spectrophotometer 
QC after every 20 samples Standard Method 4500E 

Alkalinity Titration Method    Standard Method 2320B 
Gravimetric Solids   Standard Method 2540 
Coliform Chromogenic Substrate Test Colilert formulation  Standard Method 9223 
Iron Atomic Absorption Perkin-Elmer Aanalyst 100 

Atomic Absorption 
Spectrophotometer 

QC after every 5 samples Standard Method 3500B and 
3111B 

Metals Inductively Coupled Plasma –
Mass Spectrophotometry 

Perkin Elmer Elan 5000, S/N 
114 ICP –MS 

 Method 200.8 - External 
Standard Method by 
Ultrasonic Nebulizer 

Mercury Cold Vapor Atomic 
Fluorescence Spectrometry 

Tekran CVAFS Mercury 
System Model 2600 

   EPA Method 1631 

Volatile     Gas Chromatography/Mass
Spectrometry 

 GC/MS EPA Method 8260B

Semi-volatile Gas Chromatography/Mass
Spectrometry 

 HP 5890 Series II - GC/MS, 
DB-5 column 

 EPA Methods 3510 for 
extraction  
EPA Method 8270 for 
analysis 

Organic pesticides and PCBs Gas Chromatography HP 5890 Series II - GC/MS, 
DB-608 and DB-1701 columns  

 EPA Methods 3510 and 3620 
for extraction  
EPA Methods 8081 and 8082 
for analysis 
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SECTION 4: FIELD RESULTS OF HYDROLOGIC IMPACTS 

4.1. RAINFALL SIMULATION 
During the rainfall simulation experiments, a minimum runoff of 9.5 liters (2.5 gallons) was 
required to perform the desired water quality tests. Rainfall simulation was performed on two of 
the subplots (2.4 meters x 2.4 meters) on the same day. The first 4.75 liters (1.25 gallons) of 
runoff emanating from each subplot was collected and mixed together to obtain a combined 
sample of 9.5 liters (2.5 gallons) for the water quality analysis. The volume of the remaining 
runoff was measured, but was not used for water quality analysis. Due to the length of time 
required for setup, water quality analysis, and generation of RO water, simulations for each test 
plot were performed on separate days. Relevant data were recorded including the date and time 
of experiment, meteorological conditions, volume and depth of rainfall, and volume and timing 
of runoff.  

Table 4-1: Date and duration of rainfall simulations.  

Dust Suppressant *Sub-Plot No. Dates Start 
Time 

End 
Time Duration 

1B 11/21/2001 12:00 13:00 1 hr. Road Pro 1D 11/21/2001 10:25 11:25 1 hr. 
2B 11/28/2001 10:43 11:43 1 hr. Road Oyl 2D 11/28/2001 9:05 10:05 1 hr. 
3B 11/17/2001 10:00 11:00 1 hr. Enviro-Tac 3C 11/17/2001 8:13 9:13 1 hr. 
4A 11/19/2001 9:38 10:55 **1 hr 17 min Topein 4C 11/19/2001 7:41 8:56 **1 hr 15 min 
5A 11/01/2001 7:40 8:40 1 hr. Dustac 5C 11/01/2001 9:40 10:40 1 hr. 
7A 11/06/2001 7:33 8:33 1 hr. Soil Sement 7B 11/06/2001 9:15 10:15 1 hr. 
8A 11/15/2001 8:51 9:51 1 hr. Ek35 8C 11/15/2001 7:22 8:22 1 hr. 
9A 11/09/2001 10:06 12:06 ** 2 hrs Plas-Bond 9B 11/11/2001 8:33 10:33 ** 2 hrs 

10A 10/30/2001 9:17 10:17 1 hr. Poly-Bond 10D 10/30/2001 7:38 8:38 1 hr. 
11C 12/01/2001 10:50 11:50 1 hr. Coherex 11D 12/01/2001 9:08 10:08 1 hr. 
12A 10/25/2001 8:05 9:05 1 hr. Dust Gard 12B 10/23/2001 8:05 9:05 1 hr. 
6A 03/12/2002 9:58 10:58 1 hr. 

Control Plot 6B 03/12/2002 11:50 12:50 1 hr. 
*   Sub-plot lettering refers to location of sub plot within the main plot. 
** Experiment was performed until 9.5 liters (2.5 gallons) of runoff was collected 
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4.1.1. Start and End Times of Experiments  
Rainfall simulations were performed in October and November of 2001, and generally in the 
mornings (See Table 4-1). The majority of experiments lasted for one hour except for those that 
did not generate sufficient runoff [9.5 liters (2.5 gallons)] in one hour. The test plot with Plot 4 
(Topein) required an experiment run time of approximately 1 hour and 15 minutes to generate 
the required runoff volume. The experiment on the Plot 9 (Plas-Bond) was run for 2 hours to 
generate the required runoff volume. 

4.1.2. Meteorological Data  
The rainfall simulation experiments were performed in the mornings to minimize the effect of 
evaporation, which increases as the day becomes warmer. The experiments were only performed 
on days when the wind speed was less than 10 km/hr. Wind speeds greater than 10 km/hr 
resulted in a non-uniform distribution (low CU value) of rainfall over the test plot. The rainfall 
simulation system has been designed to counter small changes in wind speed by adjusting the 
locations of the towers and the pressure at the nozzle. Temperature and relative humidity values 
were provided to represent the weather conditions on the day of the experiment. Table 4-2 lists 
the starting meteorological conditions for each experiment.  

Table 4-2: Starting meteorological conditions during simulations 

Product Plot No. Outside 
Temperature(oC)

Wind Speed 
(Km/s)

Wind 
Direction

Relative Humidity 
(%) 

1B 17 5 E - SE 23 Road Pro 
1D 16 6 E - SE 26 
2B 7 8 S 28 

Road Oyl 
2D 5 5 SE - S 31 
3B 17 6  32 

Enviro-Tac 
3C 15 0 --- 37 
4A 15 2 SW 29 

Topein 
4C 11 5 SW 39 
5A 15 2 E -SE 46 

Dustac 
5C 20 2 SW 38 
7A 17 0 --- 55 

Soil Sement 
7B 20 5 S - SE 49 
8A 15 3 SE 37 

Ek35 
8C 13 0 --- 43 
9A 19 4 W - SW 25 

Plas-Bond 
9B 17 2 N - NE 44 

10A 21 3 NE - E 30 
Poly-Bond 

10D 18 3 W 41 
11C 9 5 NE 54 

Coherex 
11D 8 5 SE - E 57 
12A 14 3 W 21 Dust Gard 
12B 18 0 --- 18 
6A 16 3 E - SE 21 

Control Plot 
6B 19 0 --- 19 
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4.1.3. Volume and Depth of Simulated Rainfall 
A summary of the rainfall data for each plot is provided in Table 4-3 and . The rainfall 
volume and depth are based on an average of the nine point measurements made for each plot as 
described in Section 2.5.1.2. The rainfall distribution for each was fairly uniform as noted by CU 
values greater than 0.8 (see ), which are considered adequate for field experiments. The 
high CU values achieved for the simulations demonstrate that the rainfall simulators were 
adequately designed to simulate defined rainfall events. Furthermore, the rates for all the plots 
were between rainfall rates that correspond to a 2 year 1-hr storm and a 5 year 1-hr storm (see 

) for the Las Vegas Valley with the exception of the plot treated with Dust Gard.  

Figure 4-1

Table 4-3

Table 4-3: Calculated volume, depth and rate of rainfall simulated over each plot. The volume is 
calculated using the average data obtained from nine gages. The depth is calculated by dividing 
the volume of rainfall by the area of each plot. 

Table 1-2
 

 
Product 

 
Plot No. 

Rainfall 
Volume (ml) 

Rainfall Depth 
(cm) 

Time 
(hr) 

Rainfall Rate 
(cm/hr) 

Coeff. of 
Uniformity

1B 76124 1.58 1.00 1.58 0.89 Road Pro 
1D 78092 1.62 1.00 1.62 0.92 
2B 91746 1.99 1.00 1.99 0.89 Road Oyl 2D 93224 1.83 1.00 1.83 0.96 
3B 85271 1.84 1.00 1.84 0.93 Enviro- Tac 3C 98306 2.05 1.00 2.05 0.91 

4A 110324 2.41 1.28 1.89 0.96 
Topein 4C 105620 2.25 1.25 1.80 0.93 

5A 99331 1.91 1.00 1.91 0.94 Dustac 5C 79921 1.75 1.00 1.75 0.95 
7A 96045 2.05 1.00 2.05 0.94 Soil Sement 7B 72084 1.89 1.00 1.89 0.87 
8A 91379 1.70 1.00 1.70 0.88 Ek35 8C 105341 2.09 1.00 2.09 0.96 

9A 160670 3.76 2.00 1.88 0.97 
Plas-Bond 9B 143275 3.78 2.00 1.89 0.96 

10A 74451 1.67 1.00 1.67 0.86 Poly-Bond 10D 84391 1.70 1.00 1.70 0.94 
11C 111547 1.84 1.00 1.84 0.83 Coherex 11D 88387 1.61 1.00 1.61 0.90 
12A 121665 2.14 1.00 2.14 0.92 Dust Gard 12B 131238 3.01 1.00 3.01 0.89 
6A 77523 1.79 1.00 1.79 0.95 

Control Plot 
6B 76622 1.72 1.00 1.72 0.95 
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Figure 4-1: Rainfall rates simulated over each plot applied with different dust suppressants. The 
two dashed lines represent the 2 and 5 year 1 - hr storm for the McCarran Airport area. 

4.2. RUNOFF 

4.2.1. Runoff Coefficients 
The total volume of runoff generated from each plot was measured and used for estimation of 
runoff coefficients. Using the rainfall and runoff volume, the runoff coefficient (C) was 
calculated for each plot as: 

P
QC =        (4) 

where Q is the volumetric runoff and P is the volumetric rainfall applied to the plot.  
 
Table 4-4 summarizes the runoff coefficients for all plots including the control plot. There is a 
large variation in the runoff coefficient with the type of dust suppressant applied.  This variation 
is due to the different characteristics of the suppressant applied. In addition, minor variations in 
the plot physical properties could have affected the runoff coefficients. The experiments were 
designed to have surfaces with similar properties; however, there may be some minor variations 
in the plot physical soil characteristics that could impact the runoff coefficients. Figure 4-2 
summarizes the runoff coefficients of the plots treated with dust suppressant compared to the 
control plot. 
 
For all the plots, the runoff coefficient was equal or greater than the control plot with the 
exception of the plots treated with Poly-bond and Dust Gard. For instance, the petroleum-based 
products (Road Pro and Coherex) tend to produce an impermeable surface and a higher runoff 
coefficient (0.30 and 0.38, an increase of 215% and 294%, respectively) as compared to the 
control plot, which had a runoff coefficient of 0.10. 
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In the case of acrylic polymers, the runoff coefficients varied from 0.51 (431% increase) for 
Enviro-tac (it creates a very hard impermeable surface that is difficult to penetrate), to 0.04 (-
57%) for Poly-Bond. There is not a consistent response of runoff to surfaces treated with acrylic 
polymers, and the changes will depend on the makeup of the dust suppressant. The formulation 
of a dust suppressant such as Poly-Bond can promote infiltration and reduce the amount of 
runoff. The application of the organic nonpetroleum based product (Road Oyl) and magnesium 
chloride (Dust Gard) had smaller changes in the runoff coefficient (see ). The runoff 
coefficient for the plot treated with Dust Gard was reduced only by 15%, and the plot treated 
with Road Oyl was increased by 42%.  

Table 4-4

Table 4-4: Runoff coefficients of each test are plot calculated by dividing the volume of rainfall 
simulated by the volume of runoff. The last column shows the % change in runoff coefficient 
compared to the control plot.  

 
The fiber mulch product (Plas-Bond) had an overall runoff coefficient of 0.10 for the 2 hour 
rainfall simulation; however, it is noteworthy that there was no runoff in the first hour of the 
experiment. Thus, the runoff coefficient for this plot is reduced considerably for a one hour 
rainfall compared to the control plot. This is due to the large amount of paper material in the 
product that absorbs the rainfall water.  

Product Plot No. Runoff 
Volume (ml) 

Rainfall 
Volume (ml) 

Runoff 
Coefficient [C] 

Average 
C 

% 
Change

1B 23200 76123 0.30 
Road Pro 1D 23200 78092 0.30 

0.30 
 

215

2B 13050 91746 0.14 
Road Oyl 2D 12250 93224 0.13 

0.14 
 

42

3B 44000 85270 0.51 
Enviro-Tac 3C 48950 98305 0.50 

0.51 
 

431

4A 11650 110323 0.11 
Topein 4C 12350 105620 0.12 

0.12 
 

21

5A 26540 99330 0.27 
Dustac 5C 14950 79921 0.19 

0.23 
 

142

7A 23200 96045 0.24 
Soil Sement 7B 18700 72083 0.26 

0.25 
 

163

8A 30100 91379 0.33 
EK35 8C 50900 105340 0.48 

0.41 
 

326

9A 18250 160670 0.11 
Plas-Bond 9B 12900 143275 0.09 

0.10 
 

5

10A 2700 74451 0.04 
Poly-Bond 10D 3000 84390 0.04 

0.04 
 

-57

11C 46200 111546 0.41 
Coherex 11D 30400 88387 0.34 

0.38 
 

294

Dust Gard 12A 21267 252903 0.08 0.08 -15

6A 6500 77522 0.08 
Control Plot 6B 8550 76622 0.11 0.10 ----
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Figure 4-2: Summary of runoff coefficients for all plots and the % change as compared to the 
control plot. 

4.2.2. Comparison to other land uses (published literature) 
Runoff coefficients are well documented for different land surfaces. These coefficients are used 
for design purposes by engineers. Typical runoff coefficients for undeveloped desert areas are on 
the order of 0.20 – 0.25 (McCuen, 1998). A list of the runoff coefficients for different land uses 
is provided in . Runoff coefficients typically vary according to the magnitude of the 
rainfall event (i.e., the higher the rainfall event, the higher the runoff coefficient). The values 
shown in  are typically used for return periods of 10 years or less. 

Table 4-5

Table 4-5
 
It is noteworthy that the runoff coefficient from the control plot (0.10) is not consistent with 
published data that suggest the coefficient should be approximately 0.25 for natural desert areas. 
The difference between these values could be due to the type of soil present in this study, the 
slope of the land surface, and/or the magnitude of rainfall event. For some of the plots treated 
with the dust suppressants, a surface was created that exhibits a runoff coefficient similar to a 
residential area. For instance, Road Oyl, EK35, and Coherex all had runoff coefficients that are 
greater than 0.40. The runoff coefficient for residential areas is between 0.45 and 0.62.  
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Table 4-5: Typical runoff coefficients (CCRFCD, Hydrologic Criteria and Drainage Design 
Manual, 1999) 

Runoff Coefficient (10 yr) Character of Surface 
Grass Desert 

Business and Commercial 
             NEIGHBORHOOD AREAS  

 
0.70 

 
0.75 

Residential 
             ¼ Acre 
              2 Acres 

 
0.55 
0.35 

 
0.62 
0.45 

Industrial 0.72 0.76 
Open Space(Lawns, Parks, Golf courses) 0.10  
UNDEVELOPED AREAS(NATURAL 
VEGETATION) 

 0.25 

Streets and Roads 
             Paved 
             Gravel 

 
0.90 
0.40 

 

4.2.3. Runoff timing  
The timing of runoff from the individual plots treated with dust suppressants was highly variable. 
Figure 4-3 compares the cumulative volume of runoff versus time for the different categories of 
dust suppressants as well as the control plot. The runoff from the control plot was initiated 
approximately 40 minutes after the start of the rainfall simulation, and then continued at a 
constant rate (Figure 4-3). The control plot runoff is used for comparative purposes in Figure 
4-3. For the majority of the plots treated with dust suppressants, the runoff occurred earlier than 
the control plot. Furthermore, the runoff rate (as indicated by the slope of the line) is higher for 
the majority of dust suppressant treated plots except for Poly-Bond, which has a lower runoff 
rate of runoff.  
 
Most petroleum-based products and acrylic polymers [see Figure 4-3(a and b)] create an 
impermeable surface with high runoff volumes and runoff initiation approximately 30 minutes 
earlier than the control plot. Conversely, the fiber mulch (Plas-Bond) plot and one of the 
ligninsulfonate plots (Topein) had runoff that occurred much later than the control plot. Lower 
runoff volumes were obtained from these plots in the first hour.  
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4.2.4. Estimated infiltration depth 
Based on the soil properties and the amount of infiltration (P-Q), the infiltration depth for each 
the plot was calculated. The depth of infiltration represents the depth that the rainfall water 
infiltrates into the ground. It is assumed that the dust suppressant mixes with the rainfall water 
and leaches into the ground. Thus, the infiltration depth represents how far the dust suppressant 
may infiltrate. It is important to note that the infiltration depths here are based on a single rainfall 
event. The potential of leachate reaching the groundwater table can only be determined by 
evaluating rainfall over extended time periods and with a sufficient vadose zone transport model.  
 
The infiltration depth is a function of the porosity of each plot, where the plots with a high 
porosity will have a high infiltration depth. The porosity for each plot is summarized in Table 
2-2. Infiltration depth is calculated from the following (Mays, 2001): 

nA
QPI

*
−

=      (5) 

where, I is the infiltration depth, P is the volumetric rainfall applied to the plot (see Table 4-3), Q 
is the volumetric runoff (see Table 4-4), A is the area of the plot, and n is the porosity of the plot. 
The infiltration depths are summarized in Table 4-6.  

Table 4-6: Infiltration depths for each plot 

Product Plot No. Infiltration Depth (cm) 
1B 5.81 Road Pro 
1D 6.01 
2B 7.95 Road Oyl 2D 7.38 
3B 4.31 Enviro-Tac 3C 5.03 
4A 10.32 Topein 4C 9.48 
5A 6.78 Dustac 5C 6.88 
7A 8.05 Soil Sement 7B 7.25 
8A 6.42 Ek35 8C 6.07 
9A ---- Plas-Bond 9B ---- 

10A 9.99 Poly-Bond 10D 10.20 
11C 7.10 Coherex 11D 6.95 

Dust Gard 12A 16.87 
6A 8.19 Control Plot 6B 8.51 
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The characteristics of the infiltration depth are opposite to runoff coefficients. For instance, Poly-
Bond had a low runoff coefficient (0.04), but a high infiltration depth (approximately 10 cm). In 
comparison, the control plot had an infiltration depth of approximately 8 cm. For plots with high 
runoff coefficients, the infiltration depth was lower than the control plot (e.g., Road Pro, Enviro-
tac, Dustac, EK35).  
 
The relationship between runoff coefficient and infiltration will also depend on the porosity of 
the soil. For instance, Road Oyl and Coherex have similar infiltration depths of approximately 7 
cm, but the runoff coefficients are 0.14 and 0.38, respectively. The difference in runoff 
coefficient is due to the different porosities for each test plot. The infiltration depth for the Plas-
bond plot is not shown since it is unclear how much water is absorbed by the paper product in 
the dust suppressant (fiber mulch).  
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SECTION 5: WATER QUALITY ANALYSIS 
 
There are no specific standards for runoff waters generated from dust suppressants treated 
surfaces.  As explained in Section 1.6, several federal and state regulations were combined to 
compile the list of parameters to be analyzed for in the runoff and in the soil extract from the 
suppressant treated plots.  However, the specific concentrations of the contaminants set in the 
regulations cannot be used to establish the effects of suppressants on runoff water quality 
because they were not meant to be used for runoff waters.  The approach adopted in this 
research, to evaluate the impact of dust suppressants, is to compare the water quality of the 
runoff and soil extracts of a control plot with that of plots treated with suppressants.  For 
reference, the chemical composition and chemical formulations of the suppressants as reported in 
the MSDS are shown in Appendix H. 
 

5.1. RUNOFF WATER QUALITY 
The composition of the runoff water originated from each individual plot treated with dust 
suppressant was compared with that of the control plot, to which no dust suppressant was 
applied.  The results are presented below. 
 

5.1.1. Volatile and semi-volatile organics, and pesticides 
Analysis of sixty-seven toxic volatile organic compounds (Table 1-3A) revealed the presence of 
acetone, 2-butanone, and 2-hexanone in the runoff of some of the plots (Figure 5-1).  Acetone 
concentration in the control plot and in the majority of the other plots was below 30 µg/L.  
However, acetone concentrations of 196 µg/L, 133 µg/L, and 60.2 µg/L were found in the plots 
treated with EK-35 (synthetic iso-alkane), Enviro-tac (acrylic polymer), and Coherex 
(petroleum-based), respectively.  Only the runoff of the plots treated with acrylic polymer (Poly- 
Bond) and synthetic iso-alkane (EK-35) showed detectable levels of 2-butanone, 18.9 µg/L and 
45.4 µg/L, respectively.  2-Hexanone (8.2 µg/L) was detected only in the runoff sample collected 
from the plot treated with EK-35.  The presence of higher concentrations of ketones (e.g. 
acetone) in EK-35, Enviro-tac, Coherex, and Road Oyl is not unexpected since volatile organic 
compounds are used in the manufacturing of these products. 
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Figure 5-1: Volatile organic compounds detected in the runoff of plots treated with dust 
suppressants. 

 
Analysis of sixty-nine semi-volatile organic compounds (Table 1-3B) revealed the presence of 
benzoic acid, di-n-butylphthalate, and pentachlorophenol ( ).  Benzoic acid 
concentrations ranged from 320 µg/L to 160 µg/L.  The highest benzoic acid concentration was 
detected in runoff samples collected from the plots treated with Poly-Bond (320 µg/L), Enviro-
tac (235 µg/L), and Coherex (225 µg/L).  Benzoic acid was detected in concentrations higher 
than 200 µg/L only in the runoff from the plots to which acrylic polymer and petroleum-based 
products were applied.  Benzoic acid is likely to be associated with the composition of these 
products.  Di-n-butylphthalate was present in the runoff of the plot treated with Poly-Bond (3.08 
µg/L), Soil Sement (7.45 µg/L), and Enviro-tac (3.29 µg/L) all of which are acrylic polymers.  
The presence of di-n-butylphthalate in acrylic polymer products can be expected since it is 
present in the adhesive products used to manufacture acrylic polymers.  The plot treated with 
EK-35 presented pentachlorophenol (15.6 µg/L), the only pesticide detected in the runoff 
samples.  The presence of pentachlorophenol in EK-35 may be associated with the use of tall oil 
in the manufacturing of this product.  Tall oil is a by-product of the paper making industry and 
pentachlorophenol, used as an insecticide or pre-harvest defoliant in the wood industry, could 
end-up in the tall oils.  No other organochlorine pesticide or polychlorinated biphenyls (PCBs) 
were found, above detection limits, in the runoff samples from the suppressant-treated or control 
plots.  The pesticides and PCBs analyzed for in this research are listed in Table 1-3. 

Figure 5-2
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Figure 5-2: Semi-volatile organic compounds detected in the runoff samples of plots with dust 
suppressants. 

 

5.1.2. Solids and Turbidity 
Concentrations of Total Dissolved Solids (TDS), Total Suspended Solids (TSS), Total Solids 
(TS), Total Volatile Solids (TVS), and turbidity (Figure 5-3) were evaluated in the runoff 
samples from all plots.  TDS values ranged between 245 and 1,333 mg/L.  The highest TDS 
concentrations were detected in the runoff samples collected from the plots where the fiber 
mulch (Plas-Bond), synthetic iso-alkane (EK-35), and petroleum-based (Coherex) suppressants 
were applied.  TDS concentrations detected in the runoff samples from the other plots were 
relatively constant ranging from 497 to 245 mg/L.  Total suspended solids concentrations varied 
between 1,043 and 9,678 mg/L.  The highest TSS values were found in the runoff sample from 
the plots treated with Dust Gard, Poly-Bond, EK-35, Topein, and the control plot.  All the dust 
suppressants, except for Dust Gard (magnesium chloride) acted to decrease the amount of 
suspend solids emanating from the plots, as compared to the control.  Magnesium chloride 
application promoted the release of more particles from the soil resulting in higher TSS.  The 
same observations can be made by evaluating TS and TVS.  Turbidity values varied from 1,494 
to 8,100 FAU (Formazin Attenuation Units).  Most of the turbidity values were below 3,000 
FAU.  The highest turbidity value was encountered in the runoff sample collected from the 
control plot.  As expected, the turbidity values found (Figure 5-3) correlate well with the TSS 
concentrations and with the runoff coefficients (Table 4-4), except for EK-35.  Although the EK-
35 plot presented a high runoff coefficient (0.41) the concentrations of solids was relatively high 
compared to the other plots.  Thus, EK-35 behaves differently from the other acrylic polymer 
investigated. 
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5.1.3. Inorganic Constituents 
The inorganic constituents analyzed in this study were nitrate, ammonia-nitrogen, pH, chloride, 
sulfate, phosphate, cyanide, and sulfide.  Nitrate concentrations ranged from 0.0 to 5.1 mg/L as 
N.  The highest nitrate concentrations were detected in the runoff samples from Road Pro (5.1 
mg/L as N), Dustac (4.5 mg/L as N), Soil Sement (3.4 mg/L as N), and Topein (3.35 mg/L as N).  
The control plot presented a nitrate concentration (1.6 mg/L as N) approximately three times 
lower than the highest concentration found in the runoff samples (Figure 5-4).  The origin of 
nitrate in these suppressants is not evident from their reported chemical composition.  No nitrate 
was detected in the runoff sample collected in the organic non-petroleum based plot (Road Oyl).  
Interestingly, the nitrate concentration in the runoff of Coherex, a petroleum-based suppressant, 
was 0.05 mg/L compared to 5.1 mg/L for Road Pro, the other tested petroleum-based 
suppressant.  Ammonia-nitrogen concentrations varied from 0.0 to 8.5 mg/L as N (Figure 5-4).  
Runoff from the plots to which petroleum-based (Coherex) and the non-petroleum based tall oil 
(Road Oyl) suppressants were applied presented the highest ammonia concentrations, 8.50 mg/L 
as N and 6.5 mg/L as N, respectively.  All other plots presented ammonia concentrations less 
than 0.75 mg/L.  pH values of the runoff varied from 6.8 to 8.8 units (Figure 5-4).  The highest 
pH value (8.8) was found in the runoff from the plot that received magnesium chloride treatment 
(Dust Gard) and the lowest pH was found in the plot treated with EK-35. 
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Figure 5-4: Nitrate, ammonia-nitrogen, and pH results. 

 
Chloride values ranged from 3.1 to 42.8 mg/L (Figure 5-5).  As expected, the highest 
concentration of chloride (42.8 mg/L) was detected in the sample collected from the plot treated 
with magnesium chloride.  The ligninsulfonate (Topein) presented the second highest 
concentration of chloride, 39.7 mg/L, followed by the synthetic iso-alkane (EK-35), 34.4 mg/L.  
All other plots, including the control (3.7 mg/L), presented chloride concentrations below 20 
mg/L.  Sulfate concentrations in the runoff ranged from 2 to 134 mg/L (Figure 5-5), and the 
highest values were measured in the runoff sample from the plots treated with Coherex (134 
mg/L), Dust Gard (52.5 mg/L), Enviro-tac (52 mg/L), and Plas Bond (38 mg/L).  The high 
sulfate concentration in Coherex is the result of its origin from petroleum products.  The 
presence of sulfate in Plas-Bond is associated with the presence calcium sulfate (CaSO4) in its 
composition.  One cannot infer the origin of sulfate in Dust Gard and Enviro-tac based on their 
known chemical composition.  The control plot presented a sulfate concentration of 9 mg/L. 
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Figure 5-5: Chloride and sulfate concentrations in the runoff samples. 

 
Phosphate values ranged from 1.86 to 29.36 µg/L as P (Figure 5-6).  The highest phosphate value 
was found in the control plot (29.36 µg/L as P).  Soil Sement, Dust Gard, and Poly-Bond had the 
highest phosphate concentrations after the control.  Those are also plots with low runoff 
coefficients (Table 4-4).  It appears that the application of dust suppressants had a binding effect 
on phosphate concentrations in the runoff.  Only insignificant amounts of cyanide (<0.003 mg/L) 
were found in most of the plots (Figure 5-6). 
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Figure 5-6: Phosphate and cyanide concentrations in the runoff samples. 
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Sulfide concentrations of 0.115 mg/L, 0.195 mg/L, and 0.165 mg/L were found in the runoff 
samples from the EK-35, Road Oyl, and Coherex plots, respectively.  Sulfide concentrations in 
all other plots, including the control plot (0.04 mg/L), were below 0.08 mg/L (Figure 5-7). 
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Figure 5-7: Sulfide concentrations in the runoff samples. 
 

5.1.4. Other Parameters 
Other parameters analyzed include alkalinity, hardness, conductivity, and salinity.  Alkalinity 
values greater than the control, were detected only from the plots treated with Enviro-tac (232 
mg/L as CaCO3), Coherex (146 mg/L as CaCO3), and EK-35 (124 mg/L as CaCO3).  Hardness 
values ranged from 40 to 860 mg/L as CaCO3.  The maximum hardness value, 860 mg/L as 
CaCO3, was measured in the plot treated with fiber mulch (Plas-Bond).  This is expected since 
calcium sulfate is the major component of this product.  The control plot presented the lowest 
hardness concentration, 40 mg/L as CaCO3.  The other samples presented hardness values below 
350 mg/L as CaCO3.  Figure 5-8 presents the alkalinity and hardness concentrations found in the 
runoff samples. 
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Figure 5-8: Hardness and alkalinity concentrations in the runoff samples. 
 
Conductivity measurements and salinity calculations varied from 157 to 1,349 µS and from 0.09 
to 0.84 ppt (Figure 5-9 and Figure 5-10), respectively.  The highest conductivity and salinity 
were found in the runoff of the plot treated with fiber mulch (Plas-Bond).  As expected, this is 
also the runoff with the highest TDS value.  The lowest values were encountered in the samples 
from the control plot.  Thus, all the suppressants applied contributed to increasing the 
conductivity and salinity of the runoff. 
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Figure 5-9: Conductivity concentrations in the runoff samples. 
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Figure 5-10: Salinity concentrations in the runoff samples. 

 

5.1.5. Organic Constituents 
The organic character of the samples was evaluated using biochemical oxygen demand (BOD), 
soluble chemical oxygen demand (soluble COD), and Total Organic Carbon (TOC) 
measurements (Figure 5-11).  The BOD values found were very low and varied from 0 to 42 
mg/L indicating that most suppressants investigated exert a small readily biodegradable oxygen 
demand.  However, the BOD values for the plots treated with EK-35, Coherex, and Enviro-tac 
are relatively higher than that of the control plot. 
 
The soluble COD values ranged from 7.5 mg/L (control plot) to 1,290 mg/L (Enviro-tac).  The 
highest soluble COD values were found for Dustac, EK-35, Enviro-tac, and Coherex.  The 
concentrations of TOC in the studied runoff samples were between 3 and 303 mg/L and the 
highest values were detected in the samples from the ligninsulfonate (Dustac), acrylic polymer 
(EK-35), and petroleum-based (Coherex) plots.  For all the other samples the TOC 
concentrations were smaller than 75 mg/L.  The petroleum-based and acrylic polymer 
suppressants, except for Poly Bond and Soil Sement, show higher TOC and COD concentrations.  
One would expect high COD valued for Poly Bond and Soil Sement, but this is not observed. 
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Figure 5-11: Soluble COD, BOD, and TOC concentrations in the runoff samples. 

 

5.1.6. Microbial analysis 
The concentrations of coliform bacteria in the runoff from most plots were found to be very 
small, except in that of the Coherex plot (Figure 5-12).  For that, coliform count of 2,500 
MPN/100 ml was found.  We cannot explain the presence of coliform bacteria in the runoff of 
this plot. 
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Figure 5-12: Coliform bacteria concentrations in the runoff samples. 
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5.1.7. Metals 
Metal concentrations measured in this study include boron, aluminum, chromium, manganese, 
nickel, copper, zinc, arsenic, selenium, silver, cadmium, barium, thallium, and lead.  Figure 5-13 
presents boron, manganese, and barium concentrations found in the runoff samples.  A high 
concentration of boron (466 µg/L) was observed in the runoff sample from the plot treated with 
magnesium chloride (Dust Gard).  All other plots presented boron concentration slightly higher 
or less than that found in the control plot (89.18 µg/L).  Thus, the runoff from the Dust Gard plot 
had boron concentrations approximately four times higher than that of the control (Figure 5-13).  
The runoff from the plot treated with Coherex, EK-35, Road Oyl, Enviro-tac, and Dustac showed 
manganese concentration greater that that of the control (13.22 µg/L).  The runoff from the 
Coherex plot had manganese concentration about twenty-four times higher than that of the 
control (Figure 5-13).  Barium concentrations in the plots treated with Coherex, EK-35, and 
Enviro-tac were about 3-5 times that of the control plot (20.25 µg/L).  
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Figure 5-13: Boron, manganese, and barium concentrations detected in the runoff samples. 
 

Chromium concentration (Figure 5-14) in the runoff from the plot treated with Dustac (33.50 
µg/L) was about thirty times greater than that of the control plot (1.07 µg/L).  The plot treated 
with Coherex also showed chromium concentration about three times that of the control.  Nickel 
concentrations were 18-36 times higher in the runoff of the Coherex and Road Pro plots, 
respectively, as compared to the control (Figure 5-14).  All other plots had nickel concentrations 
smaller than the control (0.47 µg/L).  Copper concentrations were found to be higher than the 
control (2.16 µg/L) in the runoff of the plots treated with Coherex (9 times higher), EK-35 (4 
times higher), and Dustac (4 times higher) (Figure 5-14). 
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Figure 5-14: Chromium, nickel, and copper concentrations detected in the runoff samples. 

 

Figure 5-155 shows zinc, lead, arsenic, and selenium concentrations in the runoff.  Zinc 
concentrations 2-3 times greater than those of the control (4.38 µg/L) were found in the plots 
treated with Plas-Bond, Road Oyl, and Coherex.  Lead concentrations 3-6 times greater that that 
of the control (1.09 µg/L) were found in the runoff of the plots treated with Soil Sement and 
Topein.  The highest arsenic concentration was found in the runoff from the control plot (2.07 
µg/L) and it may reflect the presence of naturally occurring arsenic in the local Las Vegas soils 
(Figure 5-15).  Selenium concentration 7-18 times higher than that of the control (0.12 µg/L) 
were found in the runoff of the plots treated with Coherex (2.17 µg/L), Dustac (0.84 µg/L), and 
Topein (0.93 µg/L). 

 shows zinc, lead, arsenic, and selenium concentrations in the runoff.  Zinc 
concentrations 2-3 times greater than those of the control (4.38 µg/L) were found in the plots 
treated with Plas-Bond, Road Oyl, and Coherex.  Lead concentrations 3-6 times greater that that 
of the control (1.09 µg/L) were found in the runoff of the plots treated with Soil Sement and 
Topein.  The highest arsenic concentration was found in the runoff from the control plot (2.07 
µg/L) and it may reflect the presence of naturally occurring arsenic in the local Las Vegas soils 
(Figure 5-15).  Selenium concentration 7-18 times higher than that of the control (0.12 µg/L) 
were found in the runoff of the plots treated with Coherex (2.17 µg/L), Dustac (0.84 µg/L), and 
Topein (0.93 µg/L). 
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Figure 5-15: Zinc, lead, arsenic, and selenium concentrations detected in the runoff samples. 

 

Most plots presented low iron concentrations (Figure 5-16), except for the plots treated with 
Road Oyl and Coherex for which iron concentrations were about two times higher than the 
control (400 µg/L).  The runoff from the plots treated with Road Oyl and Coherex were found to 
have aluminum concentrations 3-6 times greater than that of the control plot (Figure 5-16).  The 
runoff of all other plots had aluminum concentrations smaller than that of the control (577.70 
µg/L). 
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Figure 5-16: Iron and aluminum concentrations detected in the runoff samples. 

Silver, cadmium, and Thallium concentrations are depicted in Figure 5-17.  Silver concentrations 
in the runoff from the plots treated with Dustac and Soil Sement were 13-5 times greater than 
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that of the control plot (0.01 µg/L).  Cadmium concentrations 4-8 times greater than the control 
(0.03 µg/L) were found in the runoff of plots treated with Enviro-tac, Road Oyl, and Coherex.  
Thallium concentrations in the runoff from the Coherex and Dust Gard treated plots were about 
two times that of the control (0.11 µg/L).   
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Figure 5-17: Silver, cadmium, and thallium concentrations detected in the runoff samples. 

 
Mercury concentrations in the runoff of most plots was smaller than that of the control except for 
Road Oyl and Soil Sement (Figure 5-18).  The runoff of the plot treated with Road Oyl had 
mercury concentrations three times greater than that of the control. 
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Figure 5-18: Mercury concentrations detected in the runoff samples. 
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The suppressants with the highest number of metals with concentrations higher than the control 
are the petroleum-based (Coherex and Road Pro), tall oil (Road Oyl), ligninsulfonate (Dustac), 
and synthetic iso-alkane (EK-35). 
 
A summary of the runoff water quality data for all suppressants investigated is found in Section 
7.  
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5.2. SOIL LEACHING ANALYSIS 
The EPA Method 1312 (USEPA, 1994), Synthetic Precipitation Leaching Procedure (Appendix 
C), was used to determine residual contaminants, if any, remaining in the suppressant treated 
plots after the rainfall simulation.  This test is designed to determine the mobility of both organic 
and inorganic compounds from soils and wastes.  The test is very similar to the TCLP, except 
that the extraction fluid is a mixture of H2SO4 and HNO3 instead of the acetic acid extraction 
mixture used in the TCLP.  Method 1312 calls for a pH of 5±0.05, for soils west of the 
Mississippi River and 4.20±0.05 for soils east of the Mississippi River.  Leaching was performed 
using 6-place rotary agitator with 2.2-L wide mouth glass bottles (Associated Design and 
Manufacturing Company, Alexandria, VA).  Prior to leaching the soil was mixed well and 
ground using a mortar and pestle.  One hundred grams of soil was then transferred to 2-L of the 
extraction fluid (60/40 weight percent mixture of H2SO4/HNO3) and the closed bottles were 
agitated at 30 rpm for 18 hours.  The extract solution was analyzed for the same semi-volatile 
organic compounds, PCBs, pesticides, and metals analyzed for in the runoff samples.  Analyses 
of other desired parameters that would be affected by the acidity of the extraction fluid were 
performed by leaching soil samples with DI water, after mixing for 18±2 hours.  A liquid to solid 
weight ratio of 20:1 was used.  The following experiments were performed in the soil samples. 
 

5.2.1. Semi-volatile and pesticides 
The concentrations of all semi-volatile, pesticides, and PCBs encountered in the extract solution 
were below the detection limits of the methods.  Although small amounts of some volatile, semi-
volatile, and pesticides were found in the runoff from the plots treated with suppressants, 
basically none of these compounds remained in the soils after rainfall simulation.  This implies 
that these compounds are present in the dust suppressants only in very small amounts. 
 

5.2.2. Total Dissolved Solids Concentrations 
Total Dissolved Solids concentrations ranged from 117 to 2,345 mg/L (Figure 5-19).  The lowest 
TDS value was detected in the control plot and the highest was found in the plot treated with 
fiber mulch (Plas-Bond).  When compared to the TDS values found for the runoff samples, the 
TDS of the plots treated with Dust Gard (magnesium chloride), Plas Bond (fiber mulch), and 
Topein (ligninsulfonate) were higher while the TDS of the plots treated with Dustac 
(ligninsulfonate), EK-35 (iso-alkane), and Coherex (petroleum-based) were lower than those 
found in the runoff.  TDS was the only solid test performed because the soil leaching procedure 
requires the filtration of the extraction in a 0.7 µm filter. 
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Figure 5-19: Total dissolved solids concentrations in the soil extract. 

 

5.2.3. Inorganic Constituents 
Inorganic constituents investigated include phosphate, cyanide, pH, nitrate, sulfide, ammonia-
nitrogen, chloride, and sulfate.  Phosphate values varied from 2.86 µg/L to 82.86 µg/L (Figure 
5-20).  The maximum phosphate concentration was found in the control plot.  Similar to what 
was observed in the runoff samples, application of dust suppressants seem to decrease the 
mobility of phosphate.  From all suppressants applied, Soil Sement has the weakest effect on 
phosphate mobility.  Phosphate concentrations in both, the runoff and the soil extract, from the 
Soil Sement plot were closer to those in the control plot.  Cyanide was not detected in eight of 
the twelve plots (Figure 5-20).  The concentrations of cyanide found were very low and were 
highest in the extracts from the Soil Sement, Dustac, and Road Oyl plots.  Cyanide was also 
detected in the runoff samples from the Dustac and Soil Sement.  However, the runoff from the 
Road Oyl plot contained no cyanide. 
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Figure 5-20: Phosphate and cyanide concentrations detected in the soil extract. 

 
Nitrate concentrations ranged from 0.2 to 16.2 mg/L as N in the soil extract (Figure 5-21).  The 
highest values were measure in the soil extract from the plots treated with Topein, Road Pro, and 
EK-35.  The runoff from plots treated with Topein and Road Pro also presented high 
concentrations of nitrate.  However, the high nitrate concentrations seen on the runoff from the 
Dustac and Soil Sement plots, is not observed in the soil extract.  It can be inferred that the 
amount of nitrate present in Topein and Road Pro is larger than that present in Dustac and Soil 
Sement.  pH values in the soil analysis ranged from 7.36 to 9.28 units (Figure 5-21).  The control 
plot presented the highest pH value (9.28).  All suppressants applied promoted the decrease in 
the pH of the soil, in some cases, the pH decreased by almost two units.  Some decrease in the 
pH was also observed in the runoff samples emanating from some plots (Figure 5-4). 
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Figure 5-21: pH and nitrate values in the soil extract. 

 
The only extract with sulfide concentration higher than the control was that of the Enviro-tac plot 
( ).  The higher sulfide concentrations observed in the runoff from Road Oyl and 
Coherex are not seen in the soil.  Ammonia-nitrogen concentrations varied from 0.0 to 1.0 mg/L 
as N (Figure 5-22).  Ammonia-nitrogen concentration higher than the control was found in the 
extract from the Coherex and Road Oyl plots.  In the runoff sample these were also the plots with 
the highest ammonia concentrations. 
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Figure 5-22: Sulfide and ammonia concentrations present in the soil extract. 
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As expected, the results show that the soil from the plot treated with Dust Gard (magnesium 
chloride) has the highest chloride concentration (221.6 mg/L as compared to 2.4 mg/L in the 
control).  Higher chloride concentrations were also found in the plots treated with EK-35, 
Topein, and Road Pro (Figure 5-23).  In the runoff samples, higher chloride concentrations were 
found for the same plots. 
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Figure 5-23: Chloride concentrations detected in the soil extract. 

 
A very high concentration of sulfate, 1,000 mg/L, was measured in the sample collected in the 
fiber mulch plot (Plas-Bond).  This is expected because gypsum (CaSO4) is one of the 
components of Plas Bond.  All other analyses presented sulfate concentration equal or below that 
of the control (Figure 5-24). 
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Figure 5-24: Sulfate concentrations present in the soil extract. 

 

5.2.4. Physical Parameters 
Alkalinity, hardness, conductivity, and salinity were the physical parameters analyzed.  The 
highest alkalinity concentrations detected were found in the sample from the plot to which the 
acrylic polymer (Enviro-tac) and EK-35 were applied.  Alkalinity values in the extract of these 
samples were twice as that of the control plot.  Alkalinity values of the runoff emanating from 
these plots were also the highest (Figure 5-25 ).  The soil extract from the plot where Plas Bond 
(fiber mulch) was applied presented an extremely high hardness, 1,600 mg/L as CaCO3 (

).  This is expected because of the CaSO4 present in this suppressant.  Both the soil extract 
and the runoff results revealed that the application of suppressants result in an increase of 
hardness, as compared to the control. 

Figure 
5-25
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Figure 5-25: Alkalinity and hardness present in the soil extract. 

 
The highest conductivity and salinity values were found in the extract from the plot that received 
fiber mulch as the dust suppressant treatment (Figure 5-26 and Figure 5-27).  The same was 
found in the runoff analysis.  It is interesting that the salinity of both, the soil extract and the 
runoff from this plot are higher than that from the magnesium chloride plot (Dust Gard). 
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Figure 5-26: Conductivity measured in the soil extract. 
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Figure 5-27: Salinity calculated in for the soil extract. 

 

5.2.5. Organic Constituents 
Soluble COD and TOC concentrations were evaluated in the soil extract from all plots, including 
the control (Figure 5-28).  The soluble COD concentrations in the soil extract ranged from 15 
mg/L to 153 mg/L.  The highest soluble COD values were measured in the sample collected 
from the plot treated with the acrylic polymer (Enviro-tac) and the iso-alkane (EK-35).  The 
same was also observed in the runoff from these plots.  The soluble COD and TOC value found 
in the runoff and in the soil extract show the same trend.  However, concentrations of TOC and 
soluble COD in the runoff were significantly higher than those in the soil extract.  This indicates 
that organics present in the suppressants leach out with rainfall instead of attaching. 
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Figure 5-28: Soluble COD and TOC concentrations in the soil extract. 

 

5.2.6. Metals 
Figure 5-29 shows manganese, nickel, copper, and zinc concentrations in the soil extract.  
Manganese concentration in the plots treated with Dustac, Plas-Bond, Enviro-tac, and Topein 
were found to be only about twice as large as those of the control plot (13.09 µg/L).  Only the 
Plas-Bond plot showed nickel concentration significantly higher (16.98 µg/L) than that of the 
control (0.53 µg/L) in the soil extract.  Copper concentrations about 1.5-2 times greater than the 
control (4.58 µg/L) were found in the soil extracts from the plots treated with Dustac, Enviro-tac, 
Topein, and Road Oyl.  Zinc concentrations 2-3 times greater than the control (7.80 µg/L) were 
found in the soil extracts from the Plas-Bond and EK-35 plots. 

g/L) were found in the soil extracts from the plots treated with Dustac, Enviro-tac, 
Topein, and Road Oyl.  Zinc concentrations 2-3 times greater than the control (7.80 µg/L) were 
found in the soil extracts from the Plas-Bond and EK-35 plots. 
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Figure 5-29: Manganese, nickel, copper, and zinc concentrations detected in soil extract. 

 
Only very small silver concentrations were detected in the soil extracts ( ).  Silver 
concentrations 2-3 times greater than that of the control (0.03 µg/L) were found in the plots 
treated with Road Pro and Road Oyl.  Cadmium concentrations ( ) in the runoff of the 
plots treated with Enviro-tac and Road Oyl were about two times greater than that found in the 
control (0.01 µg/L).  Thallium concentration 1000 times greater than that of the control (0.00008 
µg/L) were found in the soil extract of the plots to which Topein, Road Pro, and Road Oyl have 
been applied (Figure 5-30). 

) in the runoff of the 
plots treated with Enviro-tac and Road Oyl were about two times greater than that found in the 
control (0.01 µg/L).  Thallium concentration 1000 times greater than that of the control (0.00008 
µg/L) were found in the soil extract of the plots to which Topein, Road Pro, and Road Oyl have 
been applied (Figure 5-30). 

Figure 5-30

Figure 5-30igure 5-30
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Figure 5-30: Silver, cadmium, and thallium concentrations detected in the soil extract samples. 

 
Similar to that found for the runoff samples, boron concentrations in the soil extract from the 
Dust Gard plot was the highest (904 µg/L) from all plots ( ).  The extract from all 
other plots had boron concentrations slightly higher or less than that of the control plot (107 
µg/L).  In the soil extract analysis, the control plot presented the highest aluminum concentration 
(1533 µg/L).  It is interesting that the extract from Road Oyl and Coherex plots did not show 
high aluminum concentrations given the high concentrations found in the runoff of these plots 
( ).  This may indicate that aluminum present in these suppressants was easily leached 
out with rainfall. 

Figure 5-31

Figure 5-31
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Figure 5-31: Boron and aluminum concentrations detected in the soil extract samples. 

 
Only small amounts of chromium were found in the soil extract (Figure 5-32).  Plots treated with 
Plas-Bond, Enviro-tac, and Road Oyl showed chromium concentrations slightly higher than the 
control (0.43 µg/L).  Lead concentrations in the soil extracts were about two times greater than 
that of the control (0.37 µg/L) for plots treated with Road Pro and Enviro-tac ( ). Figure 5-32

Figure 5-32: Chromium and lead concentrations detected in the soil extract. 
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The level of arsenic in the soil extracts (Figure 5-33) was highest in the control plot (3.18 µg/L).  
The same was observed for the runoff analysis.  Selenium concentrations in the soil extracts were 
2-3 times of that of the control (0.04 µg/L) only for the plots treated with Dust Gard and Topein 
(Figure 5-33).  The local Las Vegas soils are known to contain selenium and arsenic and these 
results reflect this fact. 
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Figure 5-33: Arsenic and selenium concentrations detected in the soil extract. 

 
Only the plots treated with EK-35, Enviro-tac, and Topein presented barium concentrations 
( ) almost twice of the control plot (88.75 µg/L).  Iron concentrations (Figure 5-34) in 
the majority of the soil extracts were lower than the control (400 µg/L).  The same was observed 
in the runoff analysis and may indicate that iron’s mobility is hindered by suppressants 
application. 

Figure 5-34

 
Mercury concentrations 2-3 times greater than the control were detected in the soil extracts from 
the plots to which Enviro-tac, EK-35, and Soil Sement were applied ( ).  In the case of 
Soil Sement higher mercury concentrations were also found in the runoff samples. 

Figure 5-35

 
A summary of the results of the soil extract analyses is presented in Section 7. 
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Figure 5-34: Barium and iron concentrations detected in the soil extract. 
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Figure 5-35: Mercury concentrations detected in the soil extract. 
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SECTION 6: POTENTIAL IMPACTS FOR THE LAS VEGAS VALLEY 
In this section the results from Sections 4 and 5 are used to illustrate the potential impacts that 
the use of dust suppressants may have on the Las Vegas Valley watershed nonpoint source 
runoff. The results presented in Section 5 indicate that the application of dust suppressants may 
reduce the concentration of suspended solids, but in most cases, the levels of other harmful 
chemicals and metals will increase. In this section, the results obtained in Section 5 were used to 
determine the increase/decrease in the load of a contaminant due to the application of dust 
suppressants. The loads obtained from the test plot were extrapolated to areas of the Las Vegas 
Valley that could potentially be treated with dust suppressants (i.e., disturbed lands).  

6.1. PROCEDURES  
Las Vegas Valley is presently among the fastest growing cities in the United States. This rapid 
growth results in large desert areas being disturbed for construction of new developments. Since 
most of the construction is on vacant lands, the percent area of disturbed vacant lands is 
increasing. According to James (2000), there was approximately 600 km2 (151,189 acres) of 
vacant land in the Las Vegas Valley in the year 2000. Of this 600 km2, approximately 10-20% of 
the vacant lands are disturbed. Thus, the worst case scenario presented in this section is that 
approximately 120 km2 (20% of 600 km2) of disturbed land exists in the Las Vegas Valley and 
could potentially be treated with dust suppressants.  
 
As mentioned in the previous sections, the application of dust suppressants impacts the 
hydrologic characteristics of the surface as well as the runoff quality. These effects are mainly 
due to the dust suppressants creating a different soil surface where they are applied as well as 
their inherent chemical composition. The impacts due to their application may be broadly 
classified into two: a) the quantity of runoff is either increased or decreased; b) the concentration 
of various elements in the runoff is either increased or decreased.  
 
To properly assess the impacts, it is necessary to calculate the load from a surface. The load 
extrapolated for a disturbed area for a particular storm event is calculated using: 
 

10xCxRxAxDL =  
 
 L = load (kg) for a rainfall event 
 D = depth of rainfall event (cm) 
 A = area of the land for which the load is being estimated (km2) 
 R = runoff coefficient of the land under consideration, for the rainfall event for which the 

depth is being used 
 C = concentration of the element under consideration (mg/l) 
 
The change in load (∆L) due to the application of a dust suppressant for a particular area can be 
calculated using: 

∆L = Li – Lc 
 
Li = load from the area treated with dust suppressant i.  

 Lc = load from the area due to natural soils (control) 
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Four different scenarios were evaluated for estimating the change in loads due to dust 
suppressant application. The different scenarios are:  

• 100% of the disturbed land treated with dust suppressant 
• 75% of the disturbed land treated with dust suppressant 
• 50% of the disturbed land treated with dust suppressant 
• 25% of the disturbed land treated with dust suppressant 

6.2. ASSUMPTIONS 
The analysis presented in this section is based on the following assumptions:  

• There are approximately 120 km2 of disturbed vacant land in the Las Vegas Valley. 
• The dilution rates for the dust suppressants when applied in the Las Vegas Valley are 

the same as that used in the study. 
• The concentration of the parameters measured in the initial runoff represents the 

concentrations for all of the runoff volume.  
• The loads are for a single rainfall event having an intensity of 23 mm/hr that occurs 

uniformly over the disturbed vacant land areas.  
• The concentration of contaminants in the runoff from the areas treated with dust 

suppressants is the same as the concentrations of the contaminants from the test plots 
in this study. 

• The runoff coefficients from the areas treated with dust suppressants is the same as 
the runoff coefficients from the tests plots in this study.  

• Only one type of dust suppressant is used on the disturbed vacant lands for each 
scenario.  

• There is no dilution or change in concentration of the runoff due to fate and transport 
in the downstream conveyance channels.  

• The dust suppressant is applied once for a land surface and the calculations do not 
reflect any long term accumulation on the surface due to reapplication.  

6.3. RESULTS 
Six parameters were evaluated for the change in loads due to dust suppressant application (runoff 
volume, nitrate, phosphate, sulfate, TSS, and chloride). A similar rainfall event used in the field 
experiments (23 mm/hr or 0.89 in/hr) was used to estimate the load due to a single rainfall event.  

 through  present the change in load due to the application of dust 
suppressant for the six parameters under the four different scenarios.  
Figure 6-1 Figure 6-3

 
Phosphate and TSS loads are reduced for many dust suppressants. The only dust suppressant that 
caused an increase in phosphate loading was Soil Sement. Nitrate loads were increased due to the 
application of Dustac, Soil Sement, EK35, Enviro-tac, Topein, and Roadpro. Chloride loads are 
increased for the all of the dust suppressants. Sulfate loads remained the same for 7 of the 11 
dust suppressants and increased for EK35, Road Pro, Road Oyl, and Coherex. Lastly, there is 
increased volume of runoff for all the dust suppressants except Poly-Bond and Dust Gard. It is 
noteworthy that in some cases, the load was decreased even though the concentration of the 
chemical coming out of the dust suppressant plot was higher than the control plot. This is due to 
the dust suppressant plot having a lower runoff coefficient which would create less runoff 
volume.  
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Figure 6-1: Change in (a) nitrate loads and (b) phosphate loads. The different shadings represent 
the change in loads due to the application of dust suppressants on 25%, 50%, 75%, or 100% of 
disturbed vacant lands. 
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Figure 6-2: Change in (a) TSS and (b) chloride loads. The different shadings represent the 
change in loads due to the application of dust suppressants on 25%, 50%, 75%, or 100% of 
disturbed vacant lands. 
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Figure 6-3: Change in (a) sulfate loads and (b) runoff volume. The different shadings represent 
the change in loads due to the application of dust suppressants on 25%, 50%, 75%, or 100% of 
disturbed vacant lands. 
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SECTION 7: CONCLUSIONS 
The study presented here provides information for making a preliminary assessment of the water 
quality impacts from the application of dust suppressants to disturbed lands. In general, all dust 
suppressants investigated contributed constituents to the runoff quality to some degree. The 
majority of the dust suppressants evaluated resulted in higher runoff coefficients which translates 
to higher runoff volumes that may impact stormwater management facilities. Table 7-1 and 

 summarize the impacts for each product and following is a summary of the findings 
for the major categories of dust suppressants. 
Table 7-2

7.1. PETROLEUM-BASED  
The runoff from the petroleum-based dust suppressant (Coherex) presents the highest number of 
parameters with concentrations above that of the control plot. The other petroleum-based dust 
suppressant (Road Pro) also presents a high number of parameters with concentrations greater 
than the control.  Although both dust suppressants are petroleum-based, some differences are 
observed in the runoff water quality; while very high concentrations of sulfate and ammonia are 
observed in the runoff from the Coherex plot, only small concentrations of these components 
were observed in the runoff from the Road Pro plot. The runoff from the petroleum-based 
products also contained the greatest number of metals with concentrations above that of control.  
Compared to the other dust suppressants, petroleum-based products generated runoff with the 
highest concentrations of contaminants above those of the control plot.  Application of these 
suppressants is likely to contribute metals, volatile and semi-volatile compounds, sulfate, 
ammonia, nitrate, sulfide, coliform bacteria, hardness, TDS, and sulfide to runoff waters.   
 
The soil extracts from the plots treated with these suppressants showed high nitrate, ammonia, 
organic content, metals, and TDS concentrations.  Similar to what was observed in the runoff, 
the soil extracts of petroleum-based products have the largest number of contaminants with 
concentrations above that of the control.  A comparison of the runoff and soil extracts results 
show a significant difference between Coherex and Road Pro. The number of contaminants with 
concentrations above the control plot was higher in the runoff of Coherex while the 
concentrations in the soil extract were higher for Road Pro. This implies that Coherex washed 
out more easily from the soil than Road Pro.  
 
The application of both petroleum-based dust suppressants created runoff volumes that were at 
least 200% higher than the control plot. The timing of the initial runoff from the plots treated 
with dust suppressants was approximately 30 minutes earlier than the control plot. Both of these 
conclusions have implications for the impacts to downstream stormwater conveyance facilities.  

7.2. ACRYLIC POLYMERS 
A large number of parameters with concentrations greater than those of the control plot were also 
found for all acrylic-polymers.  The iso-alkane (EK-35) and the acrylic polymer (Enviro-Tac) 
showed higher concentrations of contaminants than Poly-bond and Soil Sement.  The runoff of 
the plot treated with EK-35 also contained a higher number of metal contaminants than the other 
acrylic polymers.  Soil Sement is the acrylic polymer with the least number of contaminants, but 
lead and selenium were detected in the runoff of the plots treated with this dust suppressant. 
Acrylic polymers are likely to contribute volatile and semi-volatile organic compounds, organic 
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carbon, TDS, alkalinity, hardness sulfate, metals, and nitrate to the runoff.  Application of EK-35 
resulted in a two unit reduction in pH.   
 
The soil extract from the plots treated with these dust suppressants showed similar trends to 
those found for the runoff. The extracts from the EK-35 and Enviro-tac plots had higher 
concentrations of metals, alkalinity, organic content, and nitrate. Poly-bond and Soil Sement had 
smaller number of contaminants with high concentrations, as compared to Enviro-tac and EK-35. 
 
The hydrologic impacts from plots treated with acrylic polymers were mixed. The runoff volume 
was increased for 3 of the 4 products and the maximum increase in runoff was 431% higher than 
the control plot. These dust suppressants created a surface with a runoff coefficient similar to that 
of a residential development (e.g., runoff coefficient of 0.40-0.50). All acrylic polymers had an 
earlier time to initial runoff (10 to 30 minutes earlier).  

7.3. LIGNINSULFONATE 
The ligninsulfonate dust suppressants (Dustac and Topein) also present a high number of 
components with concentrations above those of the control, but the concentrations of most 
contaminants found are smaller than those present in the petroleum-based and some of the 
acrylic products.  The runoff water quality for both is very similar, except that volatile and semi-
volatile compounds were observed in Topein, but not in Dustac.  A moderate number of metals 
were also found in the runoff of both suppressants.  Use of these suppressants can potentially 
increase organic content, TDS, sulfate, nitrate, metals, and chloride to runoff waters. 
 
The soil extract from Topein shows a large number of contaminants at high concentrations.  The 
quality of the extract is comparable to those found for petroleum-based and tall oil products.    
While the runoff from both Dustac and Topein presented similar quality, the quality of the soil 
extract for Topein is worst.  It appears that the contaminants from Dustac are more easily leached 
out than those of Topein. 
 
Plots treated with ligninsulfonate increased the runoff coefficient by 21 to 142%, and had a time 
to initial runoff 5 to 25 minutes earlier than the control plot runoff. These hydrologic impacts are 
small compared to petroleum-based and acrylic polymer dust suppressants.  

7.4. ORGANIC NONPETROLEUM-BASED (TALL OIL) 
The organic nonpetroleum-based product (Road Oyl) had a moderate number of parameters with 
concentrations above that of the control plot. A high number of metals were detected in the 
runoff treated with this product. Application of tall oil is likely to contribute to volatile organic 
compounds, organic carbon, TDS, hardness, sulfide, ammonia, and metals. 
 
Contrary to the findings for the runoff, the soil extract of  Road Oyl contains the highest number 
of contaminants with concentration above that of the control.  The quality of the soil extract of 
this plot is comparable to those to which petroleum-based products where applied.  Thus, the 
contaminants from Road Oyl adsorb to the soil and are not easily leached by rainfall. 
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The hydrologic impacts from plots treated with Road Oyl was a slight increase in runoff (42%) 
and an earlier time to initial runoff (15 minutes earlier). The hydrologic impacts from this 
product are relatively small compared to petroleum-based and acrylic polymers.  

7.5. FIBER MULCH 
The runoff from the plot treated with the fiber mulch (Plas-bond) presented a small number of 
components above that of the control. The major contributions of this suppressant to runoff are 
hardness, sulfate, organic carbon, TDS, and metals. 
 
Interestingly, the number of contaminants with concentrations higher than the control, was very 
high for the soil extract of Plas-bond.  Specifically, there were a high number of metals with high 
concentrations in the Plas-bond extract. These results imply that most contaminants present in 
Plas-bond are not easily leached out with rainfall, but they remain in the soil. 
 
The application of fiber mulch to the plots had a large impact on the hydrologic characteristics of 
the soil surface. All of the rainfall in the first hour of the simulation was absorbed by the paper 
fiber in the product. Surfaces that are treated with fiber mulch will receive lower runoff volume 
during the initial part of the storm; however, runoff rates will increase (still below the control 
plot) as the product becomes saturated.  

7.6. MAGNESIUM CHLORIDE 
The magnesium chloride (Dust Gard) contributes the smallest number of contaminants to the 
runoff.  It also contains less metals, but the boron concentration in this suppressant was 
especially high.  The major contributions to runoff from the application of this suppressant are 
ions that will result in increased salinity and conductivity. 
 
The soil extract from the magnesium chloride plot showed a relatively low number of 
contaminants at concentrations greater than the control. It showed the same high concentrations 
of boron and chloride found in the runoff analyses. 
 
The plot treated with magnesium chloride had a reduced runoff coefficient (i.e., less runoff 
volume) and the time to runoff initiation was increased. The hydrologic impacts from surfaces 
treated with magnesium chloride will not adversely change the downstream flow in a watershed.  

7.7. FINAL OBSERVATIONS 
The water quality impacts of treating large areas with dust suppressants and the downstream 
loading was illustrated for the Las Vegas Valley for phosphate, TSS, chloride, nitrate, sulfate, 
and runoff volume. Noteworthy observations are that chloride concentrations increased for all of 
the dust suppressants, and phosphate and TSS loads were reduced for the majority of the dust 
suppressants. The extrapolation of the concentrations from the experimental plots to a large area 
implies many assumptions, but provides an integration of the results in Section 5 (concentration 
of contaminants) with the results of Section 6 (change in runoff volume).  
 
Although several compounds that effect water quality have been detected  in the runoff of the 
plots to which dust suppressants were applied, this information alone should not be used to 
evaluate the impacts of dust suppressants to water quality. This information should be combined 
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with dust suppressant “effectiveness”, frequency of application, and proximity to water bodies to 
make a thorough evaluation of the impacts. A dust suppressant that generates acceptable water 
quality in the runoff, but has to be reapplied frequently, could generate the same pollutant 
loading as a dust suppressant that is less frequently applied, but generates a runoff of worst 
quality. 
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Table 7-1: Summary of the contaminants present in the runoff as compared to the control plot. A “+” indicates concentrations greater 
than the control plot. A “++” indicates the highest concentrations found. A “-“ refers to concentrations less than the control. 

Compound Dust Gard Control Poly Bond Dustac Soil Sement Plas Bond EK-35 Envirotac Topein Road Pro Road Oyl Coherex
MG AP LIG AP FM SI AP LIG PB ON PB

Nitrate - 1.60 - ++ + - - + + ++ - -
Phosphate - 90.02 - - - - - - - - - -
Alkalinity - 42.00 + + - - + ++ - + + +
Hardness + 40.00 + + + ++ + + + + + +
Cyanide - 0.00 + + ++ - ++ + + - - +
Ammonia - 0.75 - - - - - - - - ++ ++
Sulfate + 9.00 + + + + + + - - - ++
Sulfide - 0.04 - - - - ++ - - + ++ ++
TDS - 272.50 - + - ++ + + + + + +
TSS ++ 5757.50 - - - - - - - - - -
Salinity + 0.09 + + + ++ + + + + - +
Conductivity + 156.35 + + + ++ + + + + - +
TOC + 4.48 + + + + ++ + + + + ++
COD - 7.50 - + - - + ++ + + + +
BOD - 0.00 + - + + ++ + + + + ++
Chloride ++ 3.74 + + + + + + ++ + - +
Turbidity + 8100.00 - - - - - - - - - -
Coliform - 556.00 - - - - - - - - - ++
Volatile Org. - 13.90 + - - - ++ ++ + + + +
Non-Volatile - ND ++ - - - + ++ + - - +
Boron ++ 89.184 - - - - + - - + - -
Aluminum - 577.698 - - - - - - - - ++ +
Chromium - 1.067 - ++ - - + - - + - +
Manganese - 13.219 - + - + + + - + + ++
Nickel - 0.469 - + + + + - + + + ++
Copper - 2.156 + + + + + + + + + ++
Zinc - 4.381 + + + + + - - - ++ ++
Arsenic - 2.067 - - - - - - - - - -
Selenium + 0.125 + + + + + + + + + ++
Silver + 0.011 + ++ + - + - + + + +
Cadmium - 0.034 - - - - - + - + ++ +
Barium + 20.249 + + + + + + + + + ++
Thallium ++ 0.106 + - + + - + + 0 - ++
Lead + 1.086 - + ++ - - - + - + +
Iron - 0.400 - - - - - - - - ++ ++
Mercury - 23.000 - - + - - - 0 ++ -
Count 14 17 20 18 15 23 20 19 21 21 29
MG: Magnesium Chloride AP: Acrylic Polymer SI: Synthetic Iso-alkane ON: Organic nonpetroleum
LIG: Lignonsulfonate FM: Fiber Mulch PB: Petroleum-based
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Table 7-2: Summary of the contaminants present in the soil extract as compared to the control plot. A “+” indicates concentrations 
greater than the control plot. A “++” indicates the highest concentrations found. A “-“ refers to concentrations less than the control. 

 

Compound Dust Gard Control Poly Bond Dustac Soil Sement Plas Bond EK-35 Envirotac Topein Road Pro Road Oyl Coherex
MG AP LIG AP FM SI AP LIG PB ON PB

Nitrate - 0.75 + - + + ++ - ++ ++ + +
Phosphate - 82.86 - - - - - - - - - -
Alkalinity + 44.00 - - - - ++ ++ - + - -
Hardness + 40.00 + + - ++ + + + + + +
Cyanide - 0.00 - + ++ - + - - - ++ -
Ammonia - 0.26 - - - - - - - - + ++
Sulfate + 16.50 + - - ++ - - + - - +
Sulfide - 0.04 - - - - - ++ - - - -
TDS + 117.50 + + + ++ + + + + + +
Salinity + 0.10 - - - ++ + - + + - -
Conductivity + 110.50 + - - ++ + - + + + +
TOC + 8.37 + + + + ++ - + + ++ +
COD - 18.70 + + - + ++ ++ + + + +
Chloride ++ 2.41 + - + + + + + + + +
pH - 9.28 - - - - - - - - - -
Boron ++ 106.894 - - - + + - - + - -
Aluminum - 1533.112 - - - - - - - - - -
Chromium - 0.430 - - - ++ + + - + + +
Manganese - 13.088 - + - ++ - + + - - -
Nickel + 0.532 + + + ++ + + + + + +
Copper - 4.577 - ++ + - - + + + + -
Zinc - 7.799 - + - + ++ + + + + +
Arsenic - 3.181 - - - - - - - - - -
Selenium + 0.037 - + + + + + ++ + + +
Silver - 0.029 - - - - - - - ++ + -
Cadmium - 0.013 - + - - - ++ + - ++ -
Barium + 88.753 - - + + ++ ++ + + - -
Thallium + 0.000 + - + + + + + + + +
Lead - 0.375 - + - - - + - ++ + ++
Iron - 0.400 - - - - - - - - - -
Mercury - 20.000 - + ++ + ++ ++ - - + -
Count 13 10 13 11 18 18 17 17 19 19 15
MG: Magnesium Chloride AP: Acrylic Polymer SI: Synthetic Iso-alkane ON: Organic nonpetroleum
LIG: Lignonsulfonate FM: Fiber Mulch PB: Petroleum-based  
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