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Why Sample?

The suitability of a water source for irrigation depends on the water quality, and some sources may be
altogether unsuitable for practical use. Additional considerations include the plant species being irrigated, the
end use of the plants, the irrigation system type, the texture and chemical quality of the soil, and the quantity
of precipitation. Some water may require treatment or special management before using it for irrigation.
Assessing irrigation water quality includes testing for chemical and biological constituents, which begins with
proper water sampling.

What to Sample/Test?

Salinity

In Utah, the most common concerns for irrigation water quality relate to salinity. Excessive salt concentrations
from irrigation water can build up in the soil and impair the ability of plants to extract water. Excessive salt can
also be toxic to plants when in the soil or on plant leaves (Hoffman & Shalhevet, 2007). The total salt
concentration is measured in terms of electrical conductivity (EC) because salts are electrolytes (they conduct
electricity when dissolved in water). There are many kinds of salt ions in the soil, and EC does not differentiate
among these. In some cases, salt accumulation can be managed by leaching by applying additional irrigation
water. Most samples of irrigation water processed by the Utah State University Analytical Laboratories
(USUAL) in the past several years have had relatively low EC (2 dS/m or less), though some have been 20 dS/m
or greater (Figure 1).

Sodium

Excessive sodium in relation to other positive ions can reduce water infiltration into the soil. This is measured
using the sodium adsorption ratio (SAR), which is the ratio of sodium relative to calcium and magnesium. The
impact of sodium on water infiltration also depends upon irrigation water EC and pH (Suarez, 2012). Most of
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the irrigation water samples processed by the USUAL from 2019-2022 had SAR values of less than 4, though
some were much greater (Figure 1).
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Figure 1. Electrical Conductivities and Sodium Adsorption Ratios of Irrigation Water Samples Processed by the
Utah State University Analytical Laboratories in 2019-2022

Trace Element Toxicities

In addition to salinity, trace elements can also be phytotoxic when they accumulate in the soil (Chelinski et al.,
2022). In irrigation water, boron is a common element of concern. In some cases, the guidelines for other
elements are based on the U.S. Environmental Protection Agency (EPA) guidelines for potable water; however,
the EPA guidelines are often more stringent than necessary for irrigation (Suarez, 2012; Table 1). Irrigation
water should be tested for trace elements when a new water source is first developed or if there is a reason
for concern. For example, if the source water is at risk of pollution from stormwater.

Table 1. Additional Elements of Concern Beyond Salinity and Boron for Irrigation Water Quality

Arsenic (As) Cobalt (Co) Lithium (Li)* Selenium (Se)
Beryllium (Be)* Copper (Cu) Manganese (Mn) Vanadium (V)*
Cadmium (Cd) Fluoride (F)* Molybdenum (Mb) Zinc (Zn)
Chromium (Cr) Lead (Pb) Nickle (Ni)

Source: Suarez (2012).
*Testing not available from the Utah State University Analytical Laboratories.

20f11



Irrigation Equipment Concerns

For sprinkler and drip irrigation systems, assessing
other chemical qualities of the irrigation water may
be necessary. The hardness (based on bicarbonate
and carbonate) and pH of irrigation water are
important when considering mineral scaling risk in
irrigation systems (Figure 2). Total suspended solids
(TSS) may be of concern if sedimentation in pipelines
or driplines is a risk and for identifying filtration needs
(Figure 3). TSS is typically reported in milligrams per
liter (mg/1) units, which is equivalent to parts per
million (ppm). For reference, 1,000 mg/l equals 1.07
ounces per gallon or 1,540 pounds per acre-foot. For
irrigation systems, particle size is more important
than TSS. The presence of larger particles (sands and
silts) in irrigation water can cause sediment buildup in
irrigation systems.

.
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Figure 2. Sprinkler Gun
Note. The mineral (hard water) scaling on this large
gun sprinkler will have a negligible effect on its
operation, while similar scaling could have a notable
impact on a drip irrigation system.

Figure 3. Water With Different Total Suspended Solids Contents:
(left to right) 100,000 mg/I, 10,000 mg/I; 1,000 mg/I; 100 mg/I; 10 mg/I; and 0 mg/|

Nutrients

Irrigation water can carry significant nutrient concentrations. Unlike potable water, which has EPA limits on
nutrients (EPA, 2023), such is often not a concern in irrigation. However, irrigation water nutrient
concentrations may reduce fertilizer needs and are thus important when developing a nutrient management
plan (NMP). A common nutrient found in irrigation water is nitrate. Most water samples processed by the
USUAL in 2021 had low nitrate-nitrogen (Figure 4). Another plant nutrient present in some Utah waters is
sulfur (Figure 4). The wide range of concentrations of both these nutrients is why testing is important when
developing NMPs.
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Figure 4. Nitrate-Nitrogen and Sulfur Concentrations in Water Samples Processed by the
Utah State University Analytical Laboratories in 2021

Food Safety and Pathogens
Irrigation water can harbor pathogens that can contaminate food crops and cause plant disease. Pathogen

presence in surface water and groundwater can result from runoff from land-applied manure, direct fecal
deposition from livestock cattle and wildlife, overflow from manure lagoons and storage sites, leaky sewer
lines, and underground flow from septic drainage fields. Surface waters have the highest risk of pathogen
contamination, particularly when livestock are present. Irrigation canals are most at risk for pathogen loads
during and immediately following rainfall. Depending on treatment measures, effluent from treatment
lagoons can be high in pathogens (Hashem & Qi, 2021; Owusu-Twum & Sharara, 2022). Groundwater wells
carry a lower risk but are still susceptible to contamination.

Pathogen testing of irrigation water for fruit and vegetable crops is regulated under the Food Safety
Modernization Act (U.S. Food and Drug Administration [FDA], 2022). Common concerning pathogens include
the bacteria E. coli, Salmonella enterica, and Listeria monocytogenes, and viruses such as noroviruses. In
general, testing for the presence of E. coli is the best way to assess fecal contamination in irrigation water. E.
coli results are reported as the total colony-forming units (CFU) per 100 mL of water. Average E. coli
concentrations of <126 CFU/100 mL are acceptable, and maximum concentrations should not exceed 410
CFU/100 mL during adverse conditions like following rain events (FDA, 2022). E. coli can be analyzed through
an approved laboratory found in this Certified Laboratories report from the Utah Department of Health
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https://documents.deq.utah.gov/drinking-water/field-services/DDW-2018-002131.pdf

(https://documents.deg.utah.gov/drinking-water/field-services/DDW-2018-002131.pdf). USU does not
currently provide pathogen testing services.

Other Pollutants
Irrigation water should be tested for additional pollutants if a concern exists. For example, if untreated urban
stormwater runoff enters a water source, hydrocarbons and other pollutants may be introduced.

When to Sample?

Irrigation water sources should be tested before the first use by a given user. Other times to test irrigation
water quality include when a new source is added to an irrigation system after a significant change to a water
source (e.g., a significant drawdown of an aquifer, deepening of a well, changes in upstream return flows to a
surface water source), or a new crop is to be grown. Test water quality at least two times during the irrigation
season (early and late). Groundwater levels and surface water flows in Utah are typically at their highest early
in the season. Later in the season, aquifer drawdown or reduced surface water flows may concentrate solutes
in the water. So, late-season water quality may be worse than early-season (Figure 5). Understanding how
water quality changes over time can improve irrigation water management.
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Figure 5. Electrical Conductivity and Sodium Adsorption Ratio for the U.S. Geological Survey Station:
Colorado River Near Colorado-Utah State Line, 2017-2021
Data source: U.S. Geological Survey (USGS), 2022

Where to Sample?

The sampling location depends upon the water source and irrigation system. Samples should be collected near
the point of use. For sprinkler and drip irrigation systems, collect samples from a tap in the pressurized pipe or
from a sprinkler. For surface irrigated fields, collect the sample near the field head gate because water quality

can change along a channel.

Sampling From Surface Water Sources

Samples from flowing surface water (canals or streams) should be collected mid-stream and below the surface
in the upper-middle depth of flow (Figure 6; EPA, 2006). This location typically has the greatest flow velocity
and should provide the best mixing of dissolved constituents. This location is not ideal for TSS, which should be
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sampled over the range of depths that contribute to irrigation flow (consider the depth of the pump intake,
turnout gate, etc.; USGS [2006]). For open channels, it may be helpful to use a sampling container attached to
the end of a pole (Figure 6). Both the sampling container and shipping container should be triple-rinsed in the
source water before sample collection.

Container Extension poley
Water Surface %

Figure 6. Example Water Sample Collection Location From a Canal or Stream

Sampling From Wells

When collecting a water sample from an irrigation system fed by a well, the well’s borehole must first be
properly evacuated. When a well is not being pumped, the water in the well stagnates and may not represent
the surrounding aquifer. Sampling should occur after pumping, at a minimum, the volume of one wet
borehole of water out of the well (USGS, 2006). The time needed to pump one wet borehole volume can be
computed as:

t_0.041><(B—W)><D2
- Q

t = Time to pump one wet borehole volume of water (minutes)
B = Total borehole depth (ft; Figure 7)

w = Depth-to-Water (ft).

D = Diameter of the borehole (in.).

Pump flow rate (gallons per minute, gpm).

Qo
n

If not known, the diameter of the well (D) and the total borehole depth (B) can typically be obtained from the
well drilling log available from the Utah Division of Water Rights
(https://waterrights.utah.gov/welllInfo/wellinfo.asp). The depth-to-water (W) can be measured with an
electronic sounder, or the static (non-pumping) depth from the well log may be used.

Calculation Example

A well is 200 feet deep, was drilled to an 18-inch diameter, and has a 14-inch diameter casing. The
static water level is 100 feet below the ground surface. The pumping rate will be about 500 gallons per
minute (gpm).
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The well depth, B, is 200 feet and the depth-to-water, W, is 100 feet, giving 200 feet — 100 feet = 100
feet of water in the well. The diameter, D, is 18 inches (the casing diameter is not needed). The
minimum pumping time before collecting a sample is 0.041 x (200 feet — 100 feet) x 18 inches x 18
inches + 500 gallons per minute = 2.7 minutes. The well should be pumped at least 3 minutes before
sample collection.

Water samples can be collected from any discharge of the well before the water reaches the ground.
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Figure 7. Well Borehole Dimensions

How to Sample/Test?
Irrigation water quality can be tested using field methods or laboratory methods.

Field Methods

Field methods include electrical sensors or chemical analysis kits that test for EC and pH. Typically, an
electronic probe is placed in a small container of the water or directly into the water source (Figures 8 and 9).
Testing probes vary in accuracy and should be periodically recalibrated per the manufacturer’s
recommendations. Field methods are particularly helpful if frequent water quality assessments must be made
or if many sources are to be tested. Field methods provide near-instantaneous results. Some probes can even
be configured to measure and record at regular intervals for a prolonged period. Good quality, small handheld
probes like in Figure 8 (right) may cost around $100 for an EC-only probe or about double that for a probe that
also measures pH. Probes like the one in Figure 8 (left) are about $1,200 or more each. The difference
between the two probe types is typically in accuracy and probe features. The smaller probe is sufficient for
most irrigation purposes.
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Figure 8. Example Photos of Handheld Water Quality Field Probes
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Figure 9. Examples of Water Quality Sampling With Handheld Field Probes

Water Sampling Methods for Lab Testing

Labs can test for many more chemical and biological constituents than
possible with field probes, but methodologies vary by lab. Results from lab
analyses are not instantly available as labs require time to process samples
and generate reports. However, many labs can certify their results, which can
be necessary in some situations.

Water sampling methods include sample collection, sample storage, and
sample transportation. Water sampling techniques are dependent upon the
tested constituents and the water source. Some labs may provide containers %
for samples and instructions on collecting samples. For irrigation, it is
acceptable to use a self-supplied container like a cleaned, empty drinking
water bottle (Figure 10). The USUAL requests an 8- to 12-ounce container.
Before sampling, rinse the container in the source water three times, and
then collect the sample by filling the container to the top, capping tightly, and
drying the outside of the bottle (USUAL, 2020; Figure 10). Submit with the
lab’s paperwork, which also provides sampling and shipping directions. For

Figure 10. Water Sample in a
Water Bottle, Triple-Rinsed in
the Source Water Before
Collection
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irrigation, a single, properly collected sample is typically sufficient for each location and sampling time. Avoid
mixing samples from multiple locations or times.

Send water samples to the lab as soon as possible. If the sample is being tested for non-elemental compounds
(for example, nitrate), the sample should be delivered to the lab on the same day or via overnight delivery
(EPA, 2016). Irrigation water quality does not require the same level of accuracy as drinking water analyses,
and therefore, preservatives like acids may not be necessary if samples are sent to the lab promptly.

Testing Provided by the Utah State University Analytical Laboratories
The USUAL provides several water quality testing options for irrigation water (Table 2). For routine testing, the
Irrigation Water Analysis is sufficient. The combined Irrigation and Livestock Water Analysis is appropriate
when developing an NMP when a new water source is developed, or when there are specific toxicity concerns.
Currently (2023), the USUAL charges $50 for an Irrigation Water Quality analysis and $65 for an Irrigation and
Livestock Water Quality analysis, and the turnaround time is about one week.

Table 2. Irrigation Water Quality Tests Provided by the Utah State University Analytical Laboratories (USUAL)

Irrigation Water Analysis

Salinity (EC) Boron (B) Chloride (Cl) Evaluation

Sodium (Na) Bicarbonate (HCO) Sulfate (SOa)

Calcium (Ca) + Sodium adsorption ratio Residual sodium Irrigation water

Magnesium (Mg) (SAR) carbonate (NaCO3) classification
Livestock Water Analysis

pH Nitrate (NOs) Chloride (Cl) Salinity (EC)

Elemental analysis (see below)

Combined Irrigation and Livestock Water Analysis

Bicarbonate and/or Carbonate Only Analysis

Elemental Analysis

Aluminum (Al) Cobalt (Co) Molybdenum (Mo) Sulfate-S (S)
Arsenic (As) Copper (Cu) Nickel (Ni) Sodium (Na)
Boron (B) Iron (Fe) Phosphorus (P) Strontium (Sr)
Calcium (Ca) Lead (Pb) Potassium (K) Zinc (Zn)
Cadmium (Cd) Magnesium (Mg) Selenium (Se)

Chromium (Cr) Manganese (Mn) Silicon (Si)

Chloride (Cl) Only Analysis

Salinity (EC) Only Analysis

Nitrate-N Only Analysis

pH Only Analysis

Summary

Understanding irrigation water quality is an important part of irrigation water management. Water quality
testing begins with identifying constituents for which to test. Proper sample collection is important for
characterizing a water source.
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