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Water: our most precious natural 
resource 

• Clean water is essential to human health 
and healthy aquatic ecosystems 

Don Breneman  
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Fisheries and Aquatic resources 

• Highly valuable natural assets provide 
economic benefits, enhance quality of life 
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Protecting our aquatic 
resources 

• Anthropogenic pollutants: effects on water 
quality and aquatic life  

• Knowing how to prevent pollutants from 
entering our aquatic systems is necessary 
to protect our watersheds  
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What is a watershed? 
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Oxbow Lakes • Watersheds are the land area that contributes water to 
a specific water body, such as a pond, lake, wetland or 
catchment area 

• An area of land that drains the rainwater (or snow) into 
one location, such as a stream, lake, wetland, ocean 

 
 
 
 
 
 
 
 
         

            
 
 
             Photo: D.E. Cowley 
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Bernalillo County: crosses 4 watersheds 

13020201 Rio Grande-Santa Fe; state: NM 
13020203 Rio Grande-Albuquerque; state: NM 
13020204 Rio Puerco; state: NM 
13050001 Western Estancia; state: NM 

http://www.epa.gov/
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Watersheds 

 

• We ALL live, work and 
play in a watershed. 
 

•  As water travels over 
the land it is affected by 
how the land is used 
 

• Land use affects Water 
Quality 
 
 

Photo: D.E. Cowley 
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Water quality 

• Assessed by measuring physical, 
chemical and biological parameters of 
the water 
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What water quality parameters are 
important to monitor? 

Chemical Parameters 
• pH 
• Total dissolved solids (TDS) 
• Nutrients 
• Dissolved oxygen (DO) 
• Biochemical oxygen demand (BOD) 
• Toxic substances 
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Chemical parameters: 
pH 

• pH : the Power of Hydrogen 
• concentration of H+ ions in the water 
• Ranges: 0-14. 7 = neutral, < 7 = acidic, and 

>7 is basic (alkaline). 
• Most waters range from 6.5 to 8.5 
• Most aquatic organisms exist within a range 

of 5.5 to 9.5. 
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Importance of pH 

• Changes in pH can affect how chemicals 
dissolve in water and whether organisms 
are affected by them 

• When acid waters come into contact with 
certain chemicals and metals, they often 
make them more toxic than normal.  
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Chemical parameters: 
Dissolved Oxygen (DO) 

• Tells how much oxygen is available in 
water for fish and other organisms to 
breathe 

• DO is a product of photosynthesis  and 
diffusion 

• Water does not hold much oxygen (about 
12 ppm or mg/L can dissolve in water) 
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Chemical parameters: 
Dissolved Oxygen (DO) 

• Affected by temperature, salinity, 
elevation, turbulence of water, time of day, 
pollution 
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How much DO do organisms need? 

• Most animals require at least 5 ppm 
 

Trout require about 6.5 ppm 
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Chemical parameters:  
Nutrients (particularly N and P) 

• Critical to growth of plants and animals 
• Too many nutrients lead to over-fertilization, 

causing over-abundance of aquatic plants 
(Eutrophication) 
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Excessive Nutrients 
• When this excess of plants and/or algae die, 

they decompose, which leads to a depletion 
of O2 (O2 gets used up by bacteria) 

• This can affect water clarity, temperature, 
smell 

• Can lead to fish kills 
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Chemical parameters: 
Toxic chemicals 

• Include heavy metals (lead, mercury), organic 
compounds (PCBs and DDT), inorganic 
compounds (arsenic), pesticides 
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Other important physical parameters: 
Turbidity 

• Measures water clarity (ability of light to pass 
through water) 

• A measure of the amount of suspended 
solids and dissolved color suspended in the 
water 

• Used to calculate the inputs from erosion and 
nutrients 
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Biological parameters: 
Bacteria 

• Certain types like E.coli and fecal coliform 
are measured as indicators of more harmful 
bacteria and pathogens that cause disease 

• Indicators of sewage or fecal contamination 
in water 

• Some strains of E.coli can cause serious 
   food poisoning  
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What are the sources of 
pollution to our waters ? 

• Point Source Pollution 
 
• Non-point source pollution 
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Point Source pollution 

Pollution comes from a single source, pipe, 
such as an industrial plant, a sewage plant 
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Nonpoint source pollution 
• Unlike PS pollution, NPS pollution comes 

from a wide area 
• Caused by rainfall and snowmelt runoff 

moving over and through the ground, carrying 
pollutants into our waters 
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Nonpoint source pollution 
• NPS pollution comes from many diffuse sources 

over extensive areas 
• Difficult to trace to point of origin 
• Magnitude related to climatic events 

 



All About Discovery! 
New Mexico State University 
aces.nmsu.edu 

™ 

Which produces most water 
pollutants ? 

• MOST of the pollutants entering our 
waters come from Nonpoint source 
pollution  
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What is the quality of our waters? 

• For the US waterbodies sampled most 
recently, about 45% were rated as 
impaired for their intended use 
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There are many types of pollutants 
impairing our waters. These include: 
• Petroleum products 
• Nutrients 
• Sewage 
• Solid wastes 
• Pesticides 
• Toxic wastes 
• Bacteria  
• Sediment 
• Heated water 
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What are the most widespread 
pollutants in US surface waters? 

• The top 3 pollutants causing problems are: 

1. Soil (sediment) is the leading cause of 
pollution in streams / rivers 

2. Bacteria 
3. Nutrients (leading water quality problems 

in lakes, reservoirs and ponds, the two 
most common are N and P)  
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Bernalillo County: crosses 4 watersheds 

13020201 Rio Grande-Santa Fe; state: NM 
13020203 Rio Grande-Albuquerque; state: NM 
13020204 Rio Puerco; state: NM 
13050001 Western Estancia; state: NM 

Causes of impairment 
Temperature 
Se 
PCBs 
Cu 
As 
Nutrients/Eutrop. 
E.Coli 
Turbidity 

Causes of impairment 
DO 
Temperature 
Nutrients/Eutrop. 
PCBs 
E.Coli 
Al 

http://www.epa.gov/
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Soil/Sediment 

• Erosion moves soil into waterways 
• The soil creates suspended sediment that 

blocks sunlight, smothers aquatic life and 
adds contaminants 
 

Photo by D. E. Cowley 
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 Bacteria 

• EPA ranks bacteria as the most widespread 
contaminant in our rivers and streams. 

• Bacterial contamination is becoming a 
chronic problem in many waterways. 

• The most prevalent sources are poorly 
treated sewage, and pet, livestock and 
wildlife waste. 
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Nutrients 
• Primary plant nutrients include N, P and other 

elements 
• Excess nutrients increase algal growth. The 

algae die and the resulting decay consumes 
oxygen 

• Sources include urban and farm fertilizers, 
animal wastes and  partially treated sewage. 
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Link between nutrients and 
sediments 

• Total nutrient concentration in surface water 
is affected significantly by suspended-
sediment concentration because nutrients 
adsorb to suspended sediment and are 
transported by water 
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Over-fertilizaton of our waters 

• Eutrophication remains one of the foremost 
problems in protecting freshwater and coastal 
ecosystems 
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• Why Lake Erie is Under Attack from 
Algae Blooms 

• By Douglas Main, OurAmazingPlanet Staff Writer    
• Lake Erie is under attack from noxious algae blooms, and the 

problem only looks likely to get worse if something isn't done to 
reverse the trend, new research suggests. 
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Other common pollutants in 
surface waters and sediments 

• Industrial contaminants 
• Heavy metals 
• Pesticides 
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Pesticides use in U.S. 

• Approx. 1,000,000,000 (1 billion) lbs of 
pesticides used each year in U.S. alone 

• Currently there are 11324 pesticide products 
registered in New Mexico (NMDA website) 

• 1572 products for controlling broadleaf weeds 
in NM alone 
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Urban Pesticide Use: Did you know? 
• Home gardeners use on average more 

pesticides per sq ft in their gardens than 
farmers do on their fields 

• Applied improperly, these chemicals can 
pollute local water resources 

• As little as 1 tsp of certain pesticides rinsed 
down a storm drain is enough to show up in 
local streams 



All About Discovery! 
New Mexico State University 
aces.nmsu.edu 

™ 

Where do pesticides end up? 
• Estimated that often less than 0.1 % of a 

pesticide that is applied reaches target pest* 
• 99.9 % is an unintended environmental 

pollutant 
• Ends up in soil, air, nearby plants and water 
• Can pollute immediate area or move off site 

via drift, volatilization, leaching and runoff 
*Pimental, D. 1995. Amounts of pesticides reaching target pests: 
Environmental impacts and ethics. Journal of Agricultural and Environmental 
Ethics 8:17-29 



All About Discovery! 
New Mexico State University 
aces.nmsu.edu 

™ 

What the  nation-wide studies show: 

• Widespread contamination of water by 
pesticides and N and P 

• Results of USGS studies on major river basins 
across country showed >90% of water and fish 
samples from all streams had 1, or more often, 
several pesticides 

 (Gilliom et al. 2006. The Quality of our Nation’s 
Waters-Pesticides. U.S.G.S. Circular 1291) 
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Frequently detected pesticides 

• Among the 21 pesticides most often detected 
across the nation 
– Herbicides: atrazine, 2,4-D, diuron, and 

prometon 
– Insecticides: chlorpyrifos, diazinon, carbaryl, 

malathion 
• Insecticides occur more frequently and at higher 

concentrations in urban streams than agricultural 
streams 
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Water quality in the Rio Grande 
Valley: Surface water 

• One or more pesticides were detected at 94% of the 
sites sampled in the Rio Grande and its tributaries, or 
drains. 

• Include carbofuran, metolochlor, diazinon, dacthal 
• No pesticide concentrations detected exceeded EPA 

drinking water standards or state or federal guidelines 
• Concentrations of DDT and its metabolites in 

sediment and whole fish confirms the persistence of 
this pesticide in the environment 
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Importance of groundwater 

• Groundwater is an important water source 
for all of us (50% of drinking water in US) 

• Approximately 90% of NM population 
depends on groundwater for drinking 
water 

• Once groundwater is polluted it may take 
years-decades for contamination to 
dissipate 
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What is the quality of our 
groundwater? 

• In general, the quality of NM groundwater is very 
good 

• Unfortunately, many states, including NM have 
areas with polluted groundwater 

• Most common pollutants are manufactured 
products (like gasoline) and nitrates 

• Sources: fuel tanks buried underground, leaky 
septic systems, leaky landfills, leaky wastewater 
ponds, nutrients from farmland 
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Nitrate in Groundwater: nationwide 
and in here in NM 

• Nitrate at concentrations greater than EPA MCL 
of 10 mg/L were found in 4.4 % of all wells and 
most frequently in wells in agricultural areas 

• Shallow wells sampled from San Luis Valley, 
Rincon Valley contained nitrate concentrations 
greater than EPA MCL of 10 mg/L 
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Nitrate in well water 
• Potential human-health effects.  
• Excessive nitrate can result in the restriction of O2 

transport in the blood, of particular concern in infants 
who lack the enzyme needed to correct this condition 
(resulting in “blue baby syndrome”).  

• Nitrate occurs naturally, but concentrations greater 
than 1 mg/L usually are indicative of human activities, 
such as fertilizer application, animal production, and 
septic systems. 
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Pesticides in Groundwater in the Rio 
Grande Valley 

• Pesticides were detected in ground water samples 
from shallow wells  

• Samples from deeper groundwater (more typically 
used as drinking water source) contained one 
pesticide (prometon) 

• Prometon and metolochlor were most frequently 
detected, although neither exceeded EPA drinking 
water standards.  

(Gilliom et al. 2006. The Quality of our Nation’s Waters-
Pesticides. U.S.G.S. Circular 1291) 
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How does last Decade compare to this 
decade? 

USGS Press Release: 20-Year Study Shows 
Levels of Pesticides Still a Concern for Aquatic Life 
in U.S. Rivers and Streams 
 
“Overall, the 1992–2001 results in this report are 
not markedly different than those reported by 
Gilliom and others (2006) except in cases where 
an ALB has been more recently established”.  
 
Stone, W.W., Gilliom, R.J., and Martin, J.D., 2014, An overview comparing 
results from two decades of monitoring for pesticides in the Nation’s streams 
and rivers, 1992–2001 and 2002–2011: U.S. Geological Survey Scientific 
Investigations Report 2014–5154, 23 p., http://dx.doi.org/10.3133/sir20145154. 
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Recap: Percentage of samples taken 
from urban areas across the US that 

contained 1 or more pesticides 
(USGS 2006) 

 • Fish: 100% 
 

• Streams: 99% 
 
• Shallow groundwater: 40% 
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Some environmental problems 
associated with pesticides in water 

• Aquatic microorganisms affected 
• Pyrethroids and stream sediments 
• Fish and endocrine (hormone) disruption 
• Decline of amphibians 
• Fish kills (insecticides directly, herbicides 

indirectly) 
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Additional considerations 

• Mixtures and breakdown products of 
pesticides occur in environment 

• Additive or synergistic effects unknown 
• “inert ingredients” in formulations protected by 

trade secrets and as such not tested 
• Sometimes more toxic than active ingredients 

(carcinogens, teratogens, neurotoxins) 
• Some pesticides are known, probable or     

 suspected Endocrine disruptors . 
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Herbicides can be toxic to non-
target animals, not just plants 

• Roundup is moderately to highly toxic to 
several spp of larval and juvenile frogs at 
environmentally realistic concentrations. 
While a.i. glyphosate is relatively non-
toxic, the surfactants (inert ingredients) 
are highly toxic. 
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Another example.. 

• Atrazine as an endocrine disruptor 
• Exposure to environmentally relevant 

concentrations of Atrazine (as low as 0.1 ppb) 
cause hermaphoditism and feminization 
(gonadal deformation, production of oocytes) 
in  male frogs.  
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Characteristics of pesticides that 
influence how they act once in soil 

• Water solubility – refers to the ability of the chemical 
to dissolve in water. Affects mobility.  

• Half life – refers to the length of time it takes for half of 
the pesticide to degrade. Affects persistence. 
Influenced by soil moisture, soil T⁰, microbial 
population, etc. 

• Soil adsorption coefficient (Koc) – refers to the 
tendency of pesticides to bind to soil particles. The 
more they bind, the less likely to leach into 
groundwater. Also affects mobility 
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What can we do to protect our watersheds 
from NPS pollution?? 
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Best Management Practices (BMPs) 

• Science-based holistic environmental 
management approaches aimed at reducing 
the possibility of pesticides and other 
chemicals and sediments of moving off 
treated areas into receiving water bodies 

 

https://www.env.nm.gov/swqb/wps/Plan/2014NPSPlan.pdf
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What can we do to protect our 
watersheds from NPS pollution?? 

Homeowners, gardeners, landscapers 
• Plant trees, shrubs and ground cover to reduce 

soil erosion and surface runoff 
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BMPs: cultural practices 
• Establish and maintain 

untreated buffer strips 
• Vegetated zones 

between natural areas 
(e.g. streams, ponds) 
and adjacent areas that 
have been modified by 
human activities 
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Buffer Strips 

• Highly effective at reducing/eliminating runoff 
• Size and width will depend on value of water and 

intensity of treatment of modified areas 
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BMPs: cultural practices 

• Use alternative weed 
control methods such 
as cultivation, and aim 
for acceptable control 
growth 
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BMPs: Pesticide and fertilizer use: 
Reducing the Risk 

Control the rate, method, timing and 
type of chemicals being applied  
In other words… 

1. Use only when necessary 
2. Use less toxic pesticides 
3. Use safe/sensible application methods 
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What can we do to protect our 
watersheds from NPS pollution?? 

Homeowners, gardeners, landscapers 
 • Apply lawn and garden chemicals sparingly and 

according to directions 
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Selecting a less toxic pesticide: How is 
toxicity in pesticides measured? 

LC50 = Concentration that causes death in 50% of 
test organism (mg/L or ppm) 
• Minimal: > 100 
• Slight: 10-100 
• Moderate: 1-10 
• High: 0.1-1.0 
• Extreme: 0.01-0.1 
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Rate of pesticide application 

• Use the appropriate (not 
excessive) pesticide rates. Use 
as needed only and eliminate 
routine maintenance programs. 

• Adopt an integrated pest 
management (IPM) approach to 
use the least amount and least 
toxic of pesticides possible to 
achieve acceptable pest 
control.  
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Type of pesticide 
When possible, select pesticide based on: 
• Lowest toxicity to humans, mammals, fish, birds 

and other invertebrates (bees) 
• Rapid degradation and low leaching potential 

(e.g. higher soil adsorption, lower water 
solubility, shorter half-life) 

• Lowest persistence (the more persistent, the 
greater chance of off-site movement via leaching 
or runoff)  
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Use correct formulation of herbicides 
for aquatic weeds! 

Ex: Glyphosate and Roundup 
• Roundup surfactant (POEA) approx. 3X as 

toxic as glyphosate (on a weight basis) 
• LC50 (Glyphosate) fathead minnow: 97 mg/L  
• LC50 (Roundup) fathead minnow: 2.3 mg/L 
• LC50 (POEA) fathead minnow 1.4 mg/L 
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Type of formulation 

• Develop management programs that use 
pesticide and fertilizer formulations that have 
LOW runoff potential (e.g. liquid applications 
rather than granular formulations of 
pesticides) 
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Useful websites to learn about 
pesticide properties 

• National Pesticide Information Center (NPIC) 
(http://npic.orst.edu/) 

• Crop Data Management System (CDMS) 
database (http://www.cdms.net/) 

• Extension Toxicology Network 
(http://extoxnet.orst.edu/) 

• http://www.pesticideinfo.org 
 

 

http://npic.orst.edu/
http://www.cdms.net/
http://extoxnet.orst.edu/


All About Discovery! 
New Mexico State University 
aces.nmsu.edu 

™ 

Method and Timing 

• Avoid pesticide applications just before 
anticipated rainfall events or when soil 
moisture conditions are high, or when very 
windy 

Example: One study found that up to 90% of 
the 2,4-D applied to turf was lost in runoff from 
a storm a few hours after its application. 
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Conclusions 

• Our freshwater resources are precious, 
limited, and vulnerable to degradation 

• We all need to share in the responsibility of 
being good watershed stewards  

• Practice IPM and BMPs to reduce NPS 
pollution of our waterways 
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Thank you! 
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