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Presentation Notes
Thank you all for coming out today.
I am Hannah Lucia, ANRA’s CRP and Quality Assurance Officer.
Today I will be presenting:
ANRA’s Water Quality Monitoring Program: What We Test for and Why?
The focus of this presentation will cover the aspects of routine monitoring and why certain parameters are collected.




Sampling Considerations

• Frequency and timing of sampling

• Type of sampling

• Where to sample

• Order of sample collection

• What parameters to collect
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Sampling Considerations include: Frequency and timing of sampling, the sample locations, and the type of sampling being conducted.
-These guidelines are established in ANRA’s Quality Assurance Project Plan.
-This information is accessible on our website anra.org (using search function: QAPP)

Further sampling guidance is provided through: Surface Water Quality Monitoring Procedures Manual Volume 1.
-Since this is a living document and there are occasional updates, it is best access this document online rather than keeping a hardcopy.
-Google: TCEQ RG-415





What Parameters to Collect

• Depends on purpose of sampling and watershed factors
– Trend analysis
– Watershed protection/drinking water supply protection
– Permit support monitoring

• Basic Parameters

• Additional Parameters as needed

Presenter
Presentation Notes
What parameters should be collected?
This depends on the purpose of the sampling and watershed factors.
-Are you sampling for long term trend analysis of certain parameters?
-Are you sampling for watershed protection or drinking water supply protection? Or Permit support monitoring?

Regardless of the purpose, there are basic parameters that are typically collected and additional parameters can be added depending on what’s going on in the watershed.

Graphic: Table 3.1 SWQM Volume 1: Chapter 3 Field Measurements




Basic Parameters

• Observations

• Field Parameters

• Conventional and Bacterial Parameters
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Basic parameters include: Field Observations, Field Parameters, and Conventional and Bacterial Parameters 

Graphic: Example ANRA field sheet




Observations

• Weather

• Water appearance/odor

• Wildlife and human activities

• Algae/macrophytes

• Etc.
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Observations can be very helpful during analysis and data QA-Everything is interconnected and every piece of information can be meaningful.

Some examples :
Weather may help explain low dissolved oxygen levels in the middle of the day if it’s cloudy.
If the water is green, it could confirm chlorophyll-a values.
If the water smells like rotten eggs or is milky, there could be a sewage leak and high E. coli levels.
If there are a lot of birds or animal tracks, that could explain high E. coli levels that are not related to human sewage.
Any comments made about the conditions at the time of sampling can be meaningful especially for people using this data in the future.

Picture: Segment 0604N - Buck Creek at FM 1818 (East of Diboll) TCEQ ID 16098



Water Quality Monitoring in the Upper Neches Basin

• Currently, ANRA monitors 40 sites quarterly for field parameters, conventional parameters, 
and bacteria. 

• Additional monitoring in the Upper Neches Basin is performed by TCEQ (Region 5 in Tyler and 
Region 10 in Beaumont) and the Lower Neches Valley Authority (LNVA).

Parameters for Quarterly Monitoring
Field Parameters Conventional Parameters Bacterial Parameters

Dissolved Oxygen
Days Since Last Significant Rainfall
Flow Severity
Instantaneous Stream Flow
Evidence of Primary Contact Recreation
pH
Present Weather
Secchi Transparency
Specific Conductance
Total Water Depth
Water Temperature

Ammonia-N
Nitrate-N
Nitrite-N
Chloride
Sulfate
Chlorophyll-a
Pheophytin-a
Total Phosphorus
Total Suspended Solids (TSS)

E. coli
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Currently, ANRA monitors 40 sites quarterly for field parameters, conventional parameters, and bacteria in the Upper Neches Basin.

This table encompasses ANRA’s  Parameters for Quarterly Monitoring



Water Quality Monitoring: Field Parameters

Field parameters are performed on-site by direct monitoring in the water body. This data is 
collected using multiprobe instrumentation or with a Doppler flow meter, for in-stream flow 
measurements.

• Dissolved Oxygen (DO) – DO is a measure of the amount of dissolved oxygen that is available 
in the water. DO is vital for aquatic organisms to live. Where DO is too low, aquatic organisms 
may have insufficient oxygen to live.

• Days Since Last Significant Rainfall - The days since the last significant precipitation can help 
explain anomalous data due to runoff. Significant precipitation would be any amount that 
would produce runoff and influence water quality. ( http://water.weather.gov/precip/)

• Flow Severity/Instantaneous Stream Flow - Flow is a measurement of the velocity of the 
water, measured in cubic feet per second (CFS). Flow combined with other parameters can be 
a good indicator of water quality. Flow can be affected by both natural and man-made 
sources.
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Field parameters are performed on-site by direct monitoring in the water body. Data is collected using multiprobe instrumentation or a Doppler flow meter, for in-stream flow measurements.


DO
DO is a measure of the amount of dissolved oxygen that is available in the water.

DO is temperature-dependent, water will hold more dissolved oxygen at lower temperatures due to the solubility of gases increasing as the temperature decreases. 

The amount of oxygen present typically decreases with depth, rising temperatures, and with the oxidation of organic matter and pollutants. 

Bacteria and algal blooms may cause DO to decrease as decomposition of organic matter consumes oxygen in the water, resulting in hypoxic (low oxygen) areas.

Significant Rainfall
A 0.01 inch rainfall with dry conditions may not produce runoff, but during wet conditions this may result in runoff.
This will be subject to sampler’s knowledge of the watershed.
The NOAA precipitation analysis page is useful for determining when the last precipitation occurred and how much fell.  

FLOW
Flow Severity is document in the field

Instantaneous flow & flow measurement are obtained by an acoustic Doppler

Collecting flow data is an extremely important factor of water quality sampling.
Some flows are obtained from USGS gages

Data analysis is very difficult without an actual cfs flow value, and Most modeling is not possible without flow values. 
There can be relatively strong correlations between flow and other parameters like solids, nutrients, and bacteria.








Water Quality Monitoring: Field Parameters

• Evidence of Primary Contact Recreation –Are observations related to primary contact 
recreation that are needed to help the Water Quality Standards Group identify freshwater 
streams or rivers as suitable candidates for a Recreational Use Attainability Analysis. This 
information will also be considered as part of an existing RUAA to quantify the extent of 
existing primary contact recreation use. 
(https://www.tceq.texas.gov/assets/public/waterquality/swqm/monitor/manual/vol1/Chapt
3_revFY15.pdf)

• pH - pH is a measure of the acidity or basicity of an aqueous solution. Most aquatic 
organisms are adapted to live within a specific pH range. pH can also affect the toxicity of 
many substances, which generally increase in solubility as pH decreases. The ability of water 
to resist changes in pH (its buffering capacity) is essential to aquatic life.

• Present Weather - Clear, partly cloudy, cloudy, rain, or other.  Documenting any recent 
meteorological events that may have affected water quality include heavy rains, a cold front, 
or very dry or very wet conditions. 
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Additional Field Parameters include:

Evidence of Primary Contact Recreation 
Encompasses the Number of People Observed: Primary contact recreation is defined as any activity that is presumed to involve a significant risk of ingestion of water—wading by children, swimming, water skiing, diving, tubing, surfing, and whitewater activities—kayaking, canoeing, and rafting. 
Evidence of Primary Contact Recreation: Evidence of primary contact recreation includes, but not limited to, rope swings, designated swimming beaches, items left behind such as bathing suits, inflatable rafts, and life jackets. 

pH
Most aquatic organisms are adapted to live within a specific pH range. 
pH can be affected by industrial and wastewater discharges, runoff, and accidental spills. Natural variation in seasons may also affect pH.
The ability of water to resist changes in pH is essential to aquatic life.





Water Quality Monitoring: Field Parameters

• Secchi Transparency - Secchi transparency remains an important secondary parameter for 
assessing eutrophication—the natural aging process in reservoirs and lakes—and for determining 
trends in water clarity. Eutrophication is accelerated by human activities that add nutrients to lakes, 
reservoirs, and the surrounding watersheds.

• Specific Conductance - Specific Conductance is the measure of the water’s capacity to carry an 
electrical current and is indicative of the amounts of dissolved solids present in a water body.
Dissolved salt-forming substances such as sulfate, chloride, and sodium increase the conductivity of 
the water.

• Total Water Depth - Measuring the depth of the water helps characterize a site. A site can be 
shallow, deep, or within a navigational channel. Rainfall and flow  affect total water depth, so the 
total depth of a site can change depending on when it is sampled. 

• Water Temperature - Water temperature affects the oxygen content of the water (dissolved 
oxygen). Temperature also has an impact on cold-blooded animals. Water temperature may be 
affected by alterations to the riparian zone, changes in ambient temperature, and discharges.
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Continuing with Field Parameters:

Secchi transparancy or depth 
Is measured with either the standard disk or with a tube which is much easier to use in flowing systems.
In streams it can be used as a rough estimator for turbidity or suspended solids.
Decreased Secchi depths could also indicate runoff has taken place upstream and may indicate other parameters might be expected to be elevated due to runoff – bacteria, nutrients from fertilizers, etc.
Lower Secchi depths may also be associated with decreased chlorophyll-a values since the sediment load limits light penetration for algal growth.

Specific conductance
This is a measure of the ion concentration in the water which indirectly measures dissolved solids and salts.
Generally, the specific conductance of the water is tied to the geology of the watershed.
Variables affecting specific conductance include:
Rainfall  introducing fresh water into the system and decreasing conductance.
Drought and resultant evaporation can increasing conductance.  
Some industries discharging into wastewater collection systems can have high conductance effluent.  
Irrigation can also affect specific conductance.
As water evaporates, it leaves behind it’s dissolved solids and during the next irrigation or rainfall, these salts can get washed into the waterbody.

Water temperature 
Can indicate how much dissolved oxygen could be in the water.  
The colder the water, the more oxygen it can hold. 
If there are higher air temperatures but lower water temperatures, it may be because the sample was taken in the morning, the waterbody is heavily shaded, or it’s spring fed.




Water Quality Monitoring: Conventional Parameters

Conventional parameters are also evaluated as part of the monitoring plan. During routine 
monitoring events, water samples are collected for laboratory analysis of conventional 
parameters. Conventional parameters include nutrients, minerals, and particulates. For routine 
monitoring stations, ANRA collects and analyzes samples for the following conventional 
parameters:

• Ammonia-Nitrogen (NH3)– Ammonia, which is produced from the breakdown of nitrogen-
containing compounds, is found naturally in waters. In excess, algal blooms may occur. 
Elevated ammonia levels are indicative of organic pollution. These elevated levels can cause 
stress on aquatic organisms, as well as damage to tissue and gills.

• Nitrate + Nitrite-Nitrogen - Elevated levels of nitrite and nitrate can produce nitrite toxicity in 
fish (“brown blood disease”) and methemoglobinemia (“blue baby syndrome”) in infants by 
reducing the oxygen-carrying capacity of blood. In surface water, high levels of nitrates can 
lead to excessive growth of aquatic plants. High levels of nitrates are also indicative of 
human-caused pollution.
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Conventional parameters are also evaluated as part of the monitoring plan. During routine monitoring events, water samples are collected for laboratory analysis of conventional parameters. 
ANRA collects and analyzes samples for the following conventional parameters:

Ammonia 
Enters into a body of water via excretion of wastes, decomposition of plants and animals, and runoff. Ammonia is an ingredient in many fertilizers. It is also present in sewage, wastewater discharges, and storm water runoff.


Nitrate + Nitrite-Nitrogen 
Elevated levels of nitrite and nitrate can produce nitrite toxicity in fish and in infants by reducing the oxygen-carrying capacity of blood. I
In surface water, high levels of nitrates can lead to excessive growth of aquatic plants. High levels of nitrates are also indicative of human-caused pollution.






waterbodies

The Nitrogen Cycle
TN=TKN + NO3- + NO2-

Sources: Fertilizers, WWTP, Sewage
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As part of the nitrogen cycle, nitrogenous compounds are converted from ammonia to nitrite and then to nitrate by bacterial and chemical processes. Potential sources include effluent discharges from wastewater
treatment plants, fertilizers, and agricultural runoff.

This graphic provides a good visual of the nitrogen series and their relative concentrations.  
With TKN, nitrate, and nitrite, total nitrogen can be calculated

This nitrogen cycle image shows some common sources and pathways.
Common sources are fertilizers, WWTPs, and sewage.
WWTP effluent contributes to nitrogen in waterbodies- Most treatment plants do not yet have advanced nutrient removal.
Raw sewage from failing infrastructure and septic systems can also introduce nutrients to waterbodies.

An example of a common nitrogen pattern:
In rural or residential areas - nitrogen increases as flows increase from rainfall/runoff due to fertilizer use.







Water Quality Monitoring: Conventional Parameters

• Chloride - Chloride is one of the major inorganic ions in water and wastewater. It is an 
essential element for maintaining normal physiological functions in all organisms. Elevated 
chloride concentrations can adversely affect survival, growth, and/or reproduction of aquatic 
organisms.

• Sulfate - Sulfate is essential for plant growth, and low levels (under 0.5 mg/L) can be 
detrimental to algal growth. Excessive levels of sulfate can form strong acids and change the 
pH of the water. Excessively high levels may be toxic to cattle and other animals. Sulfate can 
also affect drinking water quality.
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Some Additional Conventional Parameters are Chloride and Sulfate:

Chloride
Chloride is an inorganic ion in water and wastewater
An elevated chloride concentration can be indicative of natural or man-made pollution. Natural sources of chloride include the weathering and leaching of sedimentary rocks, soils, and salt deposits. Other possible
sources include oil exploration and storage, sewage and industrial discharges, and landfill runoff.

Sulfate
Sulfate occurs in almost all natural waters due to an abundance of elemental and organic sulfur in the environment. It usually enters into water bodies by water passing over rock or soil containing minerals like gypsum, as well as runoff from agricultural lands, industrial discharges, and sewage treatment plant discharges. Sulfate can also enter water bodies from atmospheric deposition from such sources as burning fossil fuels.


Chloride and sulfate are components of TDS and will have the same general sources and influences as TDS – geology, effluents, drought, irrigation, etc.
These parameters are important for source water protection for drinking water supplies.
High levels of chloride or sulfates can cause taste issues 
High levels can also cause scaling issues in plumbing.




Nutrients - Chloride, Nitrite, Nitrate, Sulfate by Ion Chromatography (IC)

Theory of IC-What is chromatography? chroma (Greek - colour) graphein (write)
• Historically chromatography was a separation of a color in its elements.
• Today chromatography stands for a wide range of physicochemical separation processes in 

which elements of a sample are separated, detected, identified and quantified.
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To further discuss how Nutrient data is obtained in the Laboratory (specifically Anions or Ions possessing a negative charge).
I will briefly review the theory for Determining Nutrients by Ion Chromatography.
Bear with me 



Nutrients (Chloride, Nitrite, Nitrate, Sulfate) by Ion Chromatography

Ingredients for IC
Eluent,  Pump, Sample Injection, Separation, Detector

• The mobile phase (eluent) is pumped through the system with a constant flow
• The sample is injected into it
• The mobile phase carries the sample through the static phase (separator) where the sample is     
split up into its component ions
• In the detector single components are recognized by a change in conductivity

Physical Chemistry of Chromatography
• components are separated by interaction with a stationary and a mobile phase

Presenter
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The basic “Ingredients” for IC analysis include: Eluent,  Pump, Sample Injection, Separation and a Detector
In discussing the physical chemistry of Chromatography, components are separated by interaction with a stationary and a mobile phase in the analytical column.




Nutrients (Chloride, Nitrite, Nitrate, Sulfate) by Ion Chromatography

I Column (separation column)
The separation of a sample takes place in the
stationary phase inside the column. As it passes
through the stationary phase, each ion will be
retained for a certain amount of time before
passing through to the detector. This time is
called retention time. For proper identification
and quantification, each ion should have a
unique retention time .

Columns are accessories and can not be serviced.
Sometimes they can be regenerated according to
the manufacturers instructions.

i-Columns are an important part of intelligent IC technology,
using an integral column chip to provide:
- traceability of the column
- monitoring options
- warning messages to protect the column
- availability of column properties
- customer tailored column handling
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The separation of a sample takes place in the stationary phase inside the column. As it passes through the stationary phase, each ion will be retained for a certain amount of time before passing through to the detector. This time is called retention time. 
For proper identification and quantification, each ion should have a unique retention time 

Separation of different ion species occurs in the column according to their different ion exchange equilibrium constants. These constants are influenced by the size to charge ratio of the ion.
-Ions with a smaller charge/size ratio are retained on the column less time, and come out as earlier peaks
-Ions with higher charge/size ratio are retained longer, and come out as later peaks

The lifespan of the column varies according to the sample matrix, particulate load, sample concentration, sample handling, and the regular maintenance of IC system



Nutrients (Chloride, Nitrite, Nitrate, Sulfate) by Ion Chromatography

Features of the chromatogram:
• The injection dip is a drop in conductivity caused by the water carrying sample passing through the detector 
as the sample ions are retained by the column. It is an indicator that a sample injection has been made.
• Each ion has a different relative conductivity; this means some ions will have a much higher response than 
others at the same concentration (as shown below).
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Features of the chromatogram:
injection dip-It is an indicator that a sample injection has been made.
Each ion has a different relative conductivity; this means some ions will have a much higher response than others (Fluoride/Chloride/Sulfate) at the same concentration

Three Main Factors Affecting Separation:
1) Length of column: Longer column= more separation between peaks and
longer run-time 
2) Eluent concentration/composition: Stronger eluent= peaks coming out
faster, less separated, and sharper; weaker eluent = peaks coming out later,
more separated, but broader
3) Flow rate: Higher flow rate= peaks coming out faster, less separated, and
sharper; Lower flow rate = peaks coming out later, more separated, but broader



Water Quality Monitoring: Conventional Parameters

• Chlorophyll-a/Pheophytin-a - Chlorophyll-a is an indicator of algal biomass in a water body. 
Increased concentrations indicate potential eutrophication or nutrient loading. Diurnal shifts 
in DO and pH resulting from increased photosynthesis and respiration can cause stress to 
aquatic organisms.
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Moving on to conventional Parameter (Cl-a)
Chlorophyll-a is a photosynthetic pigment in plants and is used as a surrogate for algal biomass and enumeration.  
Higher chlorophyll-a indicates higher algal counts.
Any visible plant matter like leaves or grass in the sample would skew the results.
Like any other plant, algae photosynthesizes during the day and respires at night or during dark/cloudy weather.
Photosynthesis and respiration affect pH and DO levels in the water.
There can also be some seasonality to chlorophyll-a levels.
May see high values in the summer and low values in the winter.

During photosynthesis, algae will take up carbon dioxide which reduces the carbonic acid levels in the water.  
As the availability of free hydrogen ions in the water decreases, the pH of the water increases.  
The products of photosynthesis are glucose which is stored in the algal cells and oxygen which is given off and becomes dissolved in the water.
When the algal cells switch over to respiration at night or during cloudy weather, the stored glucose is used to create energy for the cell.  
This process consumes oxygen in the water and creates carbon dioxide which in the presence of water forms carbonic acid and increases the hydrogen ion concentration in the water which decreases the pH.  




Water Quality Monitoring: Conventional Parameters

• Total Phosphorous (TP) -Phosphorus is essential to the growth of organisms, and is 
considered a growth-limiting nutrient. Elevated levels in water may stimulate the growth of 
photosynthetic aquatic macro and microorganisms. Elevated phosphorus levels contribute to 
eutrophication and may cause algal blooms.
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TP
Phosphorus is commonly known as a man-made pollutant. It is present in industrial and domestic wastewater discharges, as well as agricultural and storm water runoff. It is a an ingredient in soaps and detergents, and is used extensively in the treatment of boiler waters. Phosphates are also used by some water supplies during treatment.
Similar to Nitrogen, sources of phosphorus typically include fertilizers (which are generally in some form of water soluble phosphate [XN(PO4)n]), WWTP effluent, and sewage.






Water Quality Monitoring: Conventional Parameters

• Total Suspended Solids (TSS) – TSS is a measure of the total suspended particles in water 
(Non-Filterable Solids). High levels of TSS increase the turbidity of the water, reducing light 
penetration which subsequently decreases oxygen production by plants.

Filter Sample

103°-105°C

Dry Sample
Total Suspended/ 

Non-Filterable 
Solids
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Elevated TSS can result from multiple point and non-point sources. Soil erosion and runoff are two primary sources.
Suspended solids are usually washed in to a stream or stirred up from the sediments during storm events.
Erosion and waste from industry or sewage can add suspended solids to a system.
These solids can be inorganic like sand and silt.
Organic solids such as algal cells and decaying organic matter can contribute to the suspended solids.

Graphic: Brief overview of TSS analysis (utilizing method: SM 2540 D)



Water Quality Monitoring: Bacterial Parameter

• Escherichia coli (E. coli) - E. coli is an indicator of fecal contamination. Fecal contamination is a 
health concern to the general public, and its presence indicates a risk for contact recreation. 
The presence of E. coli in the water indicates that pathogenic organisms may be present.
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E. coli is abundant in the gastrointestinal tract of warm-blooded animals. Elevated bacterial levels are indicative of a potential pollution problem. Reasons for the presence of fecal coliforms include failing septic systems, animal wastes, and inadequately treated sewage.

Some things to consider: If samples are being collecting from a bucket, bacteria is the first sample to be poured off before pouring the other samples.

Graphic shows a brief overview of ANRA’s Environmental Laboratory procedure for E.coli enumeration (utilizing Colilert (24hr) media and IDEXX method)
IDEXX also supplies 18 hour media (providing a shorter incubation time of 18 hours)





Water Quality Monitoring: It’s all Related

Presenter
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See It’s Simple…..and all Related 



Questions?

Hannah Lucia
Quality Assurance Officer/Technical Director
Angelina & Neches River Authority
hlucia@anra.org
936-633-0063

References and  Resources:
- Surface Water Quality Monitoring Procedures, Volume 1: Physical and Chemical Monitoring 
Methods(https://www.tceq.texas.gov/assets/public/comm_exec/pubs/rg/rg415/rg-415.pdf)

- Water Quality: What We Collect and Why, A. Kilpatrick, Trinity River Authority 
(https://www.tceq.texas.gov/assets/public/waterquality/swqm/monitor/training/swqmworkshop
30/Wed_Kilpatrick.pdf)

- Metrohm Training and Installation-850/881/882 IC- Basic IC Theory and Flow Path
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Again thank you for your time!
Are there any questions? (If you aren't’t clear on the answer….Take down question and submit with email address and I will get back to you asap)



mailto:hlucia@anra.org

	ANRA’s Water Quality Monitoring Program: What We Test for and Why
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	The Nitrogen Cycle�TN=TKN + NO3- + NO2-�Sources: Fertilizers, WWTP, Sewage
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22

