Chapter 2

Water Chemistry

- Level 1 Volunteer Water Quality Monitoring Training Notebaok

Chemical parameters play an important role in the health, abundance and diversity ofiguatic
Excessive amounts of some constituents such as nutrients, or the lack of others such as dissolved oxygen,
can result in imbalances in water chemistry. Imbalances can degrade aquatic conditions and harm aquatic
life. An imbalance in chemical constituts can also make water unsuitable for human consumption, or
greatly increase the cost of water treatment before it can be used.

Water Temperature (page 177Streamkeepers Field Guide

Water temperature is important because most of the physical, chenddaibéogical characteristics
of a river are directly affected by temperature. All aquatic organisms have preferred temperature ranges in
which they can survive and reproduce optimally. Temperature also has an important influence on water
chemistry. Ratesf chemical reactions generally increasith increasing temperatureemperature is a
regulator of the solubility of gases and minerals (solids) how much of these materials can be
dissolved in water. The solubility of important gases, such as oxygknarbon dioxide increases as
temperature decreases. In addition certain pollutants become more toxic at increased temperatures.

Temperature Effects

The amounbf dissolved gas in the watdherate of photosynthestsy algae and other aquatic plants,
and therate of plant growttare all affected by temperatufelant growth incrases with warmer
temperaturesVhen plants die, they are decomposed bydsagtwhich use up the oxygdncreased
plant growth means more oxygen being removed from the watgrg the decomposition process.

Themetabolic rates of organisnirscrease with higher temperaturés respiration and digestion
rates increase, fish, aquatic insects and aerobic bacteria need more oxygen to survive

Thesensitivity of organismis alsoaffected by temperaturany organisms require a specific
temperature range and changing that range may eliminateassgarésms from the ecosystetmder
temperature extremes, organisms may become stressed, which makes them more vulnerable to toxic
wastes, parasites and disease.

Human Effects Influenceson Temperature

Riparian cover removahay have a large impact on water temperature by eliminating shade and
thereby increasing water temperature.

Soil erosiorincreases the amount of suspahdelids cared by the riverCloudy water absorbs and
holds the sus heat, which warms the water.

Thermal pollutions water entering the stream that is warmer than the whigardy present in the
river. One source is industries like nuclear power plamtieh discharge cooling wateknother source is
stormwater runoff from heated surfaces, such as parking lots and streets, which get very hot in the
summer Stormwater runoff from these surfaces can reach as much agda@nheit.
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The Missouri statevide standard for water temperature is dependent on the designated use for that
c stream.
http://www.ss.mo.gov/adrules/csr/current/10csr/10€28.pdf
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Dissolved Oxyger(page 17®treamkeepers Field Guide

Dissolved oxygen (DO) is essential for the mi@hance of healthy waterway$e presence of
oxygen is a positive sign and the absence of oxygesignaof severe pollution. Waters with consistently

high dissolved oxygen are considered healthy and stable aquatic systems capable of supporting many

different types of aquatic life.

Sources of Dissolved Oxygen in Streams

go

1 Atmospheré The air we breathe otains approximately 21% oxygen, whiebuates to 210,000
ppm oxygenMost surface waters contain between 5 and 15 ppm dissolved oxygen.
Air: 210,000 ppm
Water: 57 15 ppm
NOTE: parts per million (ppm) are equivalent to milligrams per liter (mg/L)
1 Aeraioni Waves and tumbling act to mix atmospheric oxygen with water.
1 Photosynthesis Algae and other aquatic plants deliver oxygen to water.

Importance of Dissolved Oxygen

Most aquatic life needs a certain level of dissolved oxygen for survival. A bept$tDO can cause
a major shift in the organisms present in a stream from those sensitive to pollution to those tolerant of

pollution.

Natural Influences on Dissolved Oxygen

Temperaturd Gases like oxygen are more easily dissoimecbol water than warm wateRivers
respond to seasondianges in the air temperatu@onsequently, oxygen levels will be higher in winter

than in summer.
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* Due to more energy in warm wate
water molecules move faster
resulting in a lower ability to hold or
to oxygen molecules.
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* Cold water has lower energy and
slower moving water molecules,

allowing it to retain oxygn molecules.
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http://www.sos.mo.gov/adrules/csr/current/10csr/10c20-7a.pdf

Water Temperature Effects on Dissolved Oxygen

1 As water temperature increasgsdts capacity talissolve Q decreases
1 As water temperature decrea&dts capacity to dissolve {Increase®
Therefore, warmer water will not hold as much DO as cold water

Flowi Discharge is also related to an area's ckiniaty periods result in severely redudbalv and
increased water temperatur@bis combination acts to redeithe dissolved oxygen leveRrecipitation
(rain, snow) or snow melt increase flow and the mixing of atmospheric oxygen into the water.

Dissolved or suspended solid©xygen dissolvemore readily in water that does not contain a high
concentration of sadf minerals, or other solids.

Aquatic plantg During daylight hours, dissolved oxygen l&/gse due to photosynthesis.
Photosynthesis stops as the sun sets, but plant and arspightien continues to consume oxygauist
before dawn dissolved oxygen lévéall to their lowest levelarge fluctuations in oxygen from late
afternoon to early morning are characteristic of waterways with extensive plant growth.

Human Influences onChanges in Dissolved Oxygen

Removal of riparian corridor vegetatidnLack of shade which causes increased water temperature,
and lack of protection from erosion which causes increased solids can work together to reduce oxygen
levels.

Organic waste$ These are wastes from the decomposition of dead plants and animals, as well as
from the excrement of animal®rganic waste can provide nitrogen and phosphorus which act as fertilizer
and stimulate aquatic plant growth. As these plantsluiy,tbo becom organic wastefissolved
oxygen is impacted because aerobic bacteria consume oxygen as they decompose organic matter.

Sources of organic waste:

Stormwater/urban runoff

Septic systems

Wastewater treatment plants

Runoff of manure from animal operatiofespecially feedlots)
Discharges from food processing industries

= =4 =8 =4 A

Urban runoffi Rain carries salt, sediment and other pollutants from impervious surfaces (streets,
roofs and parkindpts) into streamsThis raises the total solids in the water and redtlmamount of
dissolved oxygen it can holth addition, runoff of water from heated surfaces in the watershed, such as
streets and parking |l ots, can cause the streamds
much dissolved oxygen as cooleater.

Damsi Some dams are constructed so that water is released from either théh®pattom of the
reservoir Although the water on the bottom is cooler than the warm water on top, it may be almost
devoid of oxygen as organic matter drops toldbom and is decomposed by bacteria (using oxygen in
the process). The opposite situation can occur when water is releaselddnmmp of a dam or spillway.
This can cause excessive uptake of air from the atmosphere and results in water that isratgebrsatu
with atmospheric gas.

Diel Fluctuation in Dissolved Oxygen

The term diel refers to a A#bur period that usually inalies a day and adjoining nigfithe solid line
in the graph represents a normal diel DO fluctuation in late sumN®&tice the diffeence between DO
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levels at 6:00 A.M. and 6:00 P.NMVhy is the DO lower in the mang and higher in the evenindf? late
summer many str eams e)alargeaproeuntioneof tteemicradcopia plantd, talled o mo
algae, which float suspendedtire wate and give it its green coloPhotosynthesis from algae and other
aqguatic plants will inflate the amount of oxygen in the stream at peak light when the sume$s inighe

sky during the dayAt night the algae and other aquatic plants are hotgsynthesizing, and are

therefore not producing oxygen.

Plants respire both day and night and use oxygen in the process, but as long as the sun is shining, they
produce more oxygen via photosynthesis than they are using through respiration.

At the saméime, in the summer the water will be wafRemember that warm water will not hold as
much DO as cold wateFherefore, in the summer, streams may have a natural diel fluctuation in DO due
to water temperature, algae, and other aquatic plants, and phbgssgn

Diel Fluctuation in Dissolved Oxygen
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The dashed line in the graph represents an extreme diel DO fluctuation in suRemaEmber that
warmer water increases the metaboliesaif organismdf the stream lacks a healthy riparian corridor,
the water may bhot due to the lack of sta.At night plants do not photosynthesize, so the only source
of DO at night in the strears through physical aeratiowhat if it is a slow moving stream with little
aeration an@n excess amount of nutrien&f excess of nutrients, like nitrogen arttbpphorus, can
cause excessive algal grow8b when the sun is shining, this excessive amount of algae pumps a large
guantity of oxygen intohe water via photosynthesiEherefore, it follows that they asnost of the
oxygen at nightBacteria use oxygettay and night as they decompose dead plants and other organic
matter, and the bigger the plant population, the more plants there areta @lecomposé.o
summarize

1 Plants arenot photosynthesizing at night

1 The water is warm or hot and will not dibgmas much oxygen as a cool stream

1 The metabolic rates of bacteria responsible for decomposing dead organic matter are higher in

warm water; and as metabolic rates .increase

All of these factors together result in more oxygen being used at night than is physically added to the
stream via aeration during the night. If these processes occur to extreme levels, subsequent extreme
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fluctuations in dissolved oxygen, represented leydhshed line on the graph, can occur. Note that the DO
level at 6:00 A.M. is within lethal limits for aquatic life.

Dissolved Oxygen Saturation

Saturationis the maximum level of dissolved oxygen that would be present in the water at a specific
temperatte, in the absence of other influenc®ercent saturatiofis a more meaningful water quality
indicator than a DO reading alorgissolved oxygen saturation is a better indicator of whether a DO
measurement alone is good or bad.

Think of percent saturativas the amount of oxygen present in the water sample compared to the
maximum amount thatould be disslved at the same temperatuF®r example, water is said to be 100%
saturated if it contains the maximum amount of oxygen tleainthold at that tempature.A water
sample that is 50% saturated only has half the amount of oxygen that it couldgfigtealdl at that
temperatureSometimes water can become supersaturated with oxygersbexfaapidly tumbling
water.

How is it possible to get a DO saition greater than 100%DRissolved oxygen is directly related to
the temperature of the wai@nd the atmospheric pressurer ST VWQMs, atmospheric pressure is not
an issue because most volunteeesveorking close to sea levdlhe standard temperaéufor reading DO
is normally between 68°F & 72°F (20°C & 22°C), and it is at this temperature that the maximum amount
of DO wate can hold is considered 100W%e have discussed how oxygen is introduced into the water
through photosynthesis of aquatic pamwaves and tumbling action. We have also discussed the fact that
cooler water an hold more dissolved oxyge®o if the aquatic plants are producing more O2 at a faster
rate than is being used through respiration, it is possible to get more than 10@#6r&ibn at a given
temperature.

Percent saturation values of-820% are considered to be excellent and values less than 60% or over
125% are considered to be pobor instance, a DO reading of 8.0 mg/L could be an excellent result
during the summer vén water temperatures are high and the water's atoilitgld oxygen is lowThat
same reading, however, could indicate problems if that result were obtained during the winter months
when water temperatures are low and oxylgelaling capacity is high.

A General Rule for Ozark Streams
> 80% DO saturation reflects healthy DO levels
< 80% DO saturation reflects water quality impairment

A General Rule for Prairie Streams and Slow Moving Streams
> 60% DO saturation reflects healthy DO levels
< 60% DOsaturation reflects water quality impairment

To determine DO percent saturation, refer to the pi@kPercent Saturation Sheattthe end of this
chapterDetermine DO saturation by cressferencing your dissolved oxygen results with the water
temperaturef your stream at the time of DO analysis.

1 NOTE: Remember that you must have taken the stream water temperature at the time of the DO
analysis to determine DO percent saturation.
1 NOTE: Mathematical calculation of saturation (page Sffeamkeepers Fielduide

Mi s s o u r-wide standarddot [2O is a minimum of 5 mg/L for all streams.
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pH or Parts Hydrogen (page 165treamkeepers Field Guide

Water (HO) contains both H hydrogen ions and OthydroXdeions.ip HO i s an abbrevi
the Frence x pr essi on, APowwnaoing WY direo g e niengasucedtheRlgnd r o g e n .

concentration of substances and gives results on afsmal® to 14 Water that contains equal numbers
of H" than OHionsis considered neutral (pH 7j.a solution has more Hhan OHions, it is considered
addic and has a pH less than If a solution contains more Olkbns than Hions, it isconsidered
alkaline (basic) with a pH greater than 7

0
* 1 Battery acid
2 Lemon juice
Inereasing 3 Vinegar Acid rain
acidity Adult fish die
4 -
Fish reproduction affected
5
Normal range of precipitation pH
S 'Mllk
Neutral
7 Normal range of stream pH
8 i
Baking soda
9 Sea waler
Increasing W
alkalinity - Milk of Magnesia
12 Ammonia
Y 13 Lye
14 : Source: Erwironment Canada

The pH scale is logarithmi@hus, it is important toemember that every oaeit changeon the pH
scale is denfold change of the samplAs you go up and down the scale, the values change indasftor
ten.A onepoint pH change indicates the strength of the acid or base has increased or decreaseal tenfold;
2-point change indicates a 186ld change in acidity or basicity, and #o8int change in pH indicates a
1000Gfold change.

Examples:

1 Anincrease in pH frond.0 to 8.0means the water [ times more basic

1 Anincrease in pH froni.0 to 9.0means the water 0 times more basic

1 Anincrease in pH froni.0 to 10.0means the water 5000 times more basic

Changes in Aguatic Life

Most organisms have adapted to life in water of a specific pH and maytliéepiH changes even
slightly. At exremely high or low pH values (11.0 or 4.5) the water becomes lethal to most organisms
(reference Table 9 on page 167 of e r e a mk e e p e r). pldis disd impodantGecaudeef how
it affectsother pollutants in the watéWaters that are very atic can cause metals such as zinc,
aluminum, and copper to beleased into the water colunithe metals can then be taken up and
accumulatedn the food chainMetals in the water such as copper and aluminum can accumulate on the
gills of fish or cause dermities in young fish, redzing their chance of surviveAmmonia compounds
convert to a toxd form in water that is basi¢he more basic the water, the more toxic is the ammonia
that is present.
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Human Influences onpH

In the United States the pH w¥ers is usually between 6.5 and 9Rain water is normally acidic
with a pH of around 5.6. Increased amounts of nitrogen oxideg)(&l@ sulfur dioxide (S, primarily
from automobile and codired power plant emissions, are converted to nitric anil sulfuric acid in the
atmosphere resig in acid rain or acid snown many areas of the United States the local geology
strongly influenceshe acidity of the local wateln the northeastern United States the geology of the
substrate is graniteyhich has veryittle neutralizing capacityif limestone or dolomite is present, which
is the case in much of Missouri, the alkaline (basic) limestone and dolomite neutralizes the acid rain
before it can have a negative impact on the water quality of ke streams

Mi s s o u r-wide standarddot pH is a minimum of 6.5 and a maximum of 9.0 for all streams.

National Atmospheric Deposition Program/National Trends Network

Hydrogen ion concentration as pH from measurements
made at the Central Analytical Laboratory, 2013

Sites not pictured:

Alaska 01 5.3
Alaska 02 5.2
Alaska 03 53
Alaska 97 5.1

Puerto Rico 20 5.2
British Columbia 22 4.4
Saskatchewan21 5.5

http://nadp.isws.illinois.edu

Conductivity (page 181Streamkeepers Field Guide

All liquid solutions condat electricity to some degre€.h e

measur ementoconmductwat er 0 ¢

electricity is callecconductivity or specific conductan¢end is measured in a unit of current, or flow of
electricity called micreSiemens per centimeterf/cm; the symbainr e pr e s e ntitssthB mi cr o0 ) .
opposite of electricakesistancewhich is measured in ohmBure water is not good conductor of

electricity. Conductivity of water is determined by the amount of solids that are dissolved in the water.
Rainfall, interacting with the atmosphere, vegetation, rocks and soil, is thesoajoe of dissolved

solids in streams. Groundwater eimgrstreams is another sour®éater is uncommonly good at

dissolvinga wide variety of material#t is the medium that allows the necessary biochemicatiogadn

organisms to proceeWater carres needed minerals and nutrients to living orgiasiand transports

wastes away.

Water Chemistry 6/15

Level 1 Notebook



Seven common substances make up about 99% of the dissolved solids in lstris@mnspproximate
order of abundance in Missouri waters, these include:

Bicarbonate
Calcium
Magnesium
Sulfate
Chloride
Sodium
Potassium

=A =4 =8 =8 -4 -4 A

It is not surprising that the three most abundant dissolved substances come from the dissolution of
limestone and dolomite, i¥souri's most abundant rock$ie remaining one percent of dissolved
substances can waconsiderably, but can include nitrates, different metals, ammonia, phosphorus, and
manmade compounds such as pesticides and fuels.

Conductivity may vary primarily due to the infince of rainfall or snowmeRrecipitation is low in
dissolved solids andn unimpacted stream, which has recently received rainfall, widl hdower
conductivity valueThe conductivity values below are typical readings for various waters and geographic
regions.

However, a large change in conductivity values or readings greater than8/280may indicate a
need for further investigatiofonductivity can tell us the amount of solids dissolved in the water, but
does not tell us what kind dissolved solids areresentUnexplained changes in conductivity can
indicate problems in the watershed.

There is no water quality standard for conductivity because it is a general indicator of water quality.

Typical Conductivity Readings

Missouri River at St. Joseph 400-750n/cm
Conductivity is high in the Missouri River since it drains all of the water for 420,300 square miles.

Grand River near Sumner 350:550n6/cm
Pomme de Terre near Polk 250-450 n5/cm
Big Piney at Devil 6s EIl bow 200-350n6/cm
Little Ditches near Rives 85-580 n5/cm
Jacks Fork at Alley Spring 230-350nt/cm
Pickle Creek at Hawn State Park 40-60n5/cm

Pickle Creek is located in Hawn State Park near Ste. Genevieve, which is in a geologic region that
consists of granite. Granite does d@solve as easily as limestone, so the amount of natural dissolve
minerals and nutrients is very low in the waters of this ecoregion.

Municipal wastewater treatment plant effluent 800-2000nB/cm
The conductivity of wastewater tends to be very Higice most plants do not treat wastewater for
dissolved solids. The most common and abundant dissolved solid that may pass through the plant
sodium chloride, the salt that we ingealt is a good electrical conductor.

North and west Missouri shallav groundwater 800-2000nm/cm
Groundwater in North Missouri is high in salt (dissolved minerals) since the aquifer rests on an anc
seabed

Source: USGS010
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Chlorides

Chlorides are salts resulting from the combination of the gas chlorine and various Giétaide is
one of the major components of ragadt, also known as rock salt. Most chlorides in water come from
salt, sodium chloride (NaCl), applied to pavement#it ice. The application of salt on our roads and
sidewalks has increased dramatically since the 19%78sstimated between 10 and 20 million tons of
road salt is used nationally each y&8dre use of road salt has been implicated in the elevatichnlafide
and sodium levels in surface and groundwater as wetl ¢ isurrounding environment. These salts can
travel up to 130 ft. away from the roadways as vehicles travel at higher speeds. Road salts often have
heavy metal additives, so other harnmdubstances may be present.

Other surces of chloridare wastewater treatment discharges, water softeners, storm sewers, animal
feed, fertilizers, and underground aquafers.

Chloride is soluble and can enterface and groundwater easifithough nontoxic at low levels,
elevated levels of chloride in waterbodies can have a detrimefeel ef freshwater ecosysterifigh
chloride levels interfere with osmoregulation in freshwater organisms and are toxic to aquatic life. Some
invasive species (e.g. Esian water milfoil) are more tolerant of high chloride levels and can
outcompete native organisms.

High levels of chloride can also lead to density stratification in lakes and ponds, resultiggen ox
depletion and fish killsHigh chloride concentratits can restrict water use for consumption in domestic
and public supply wells, and affect the quality necessary for many industrial uses. Use of water with high
chloride concentration for irrigation can damage crops directly through burning of tissdaextin by
changing the soil structure, which can cause fields to be damaged beyond use or repair.

If you live in an urban area where roads and/or parking lots are heavily salted, or near an airport or
other source of possible chloride contamination, ypay wish to inquire with program staff about
monitoring your stream for chlorides. Monitoring usually takes place from October through February.
Spikes can also occur during the summer during low flows when evaporation exceeds precipitation and
during sprhg and fall after fertilizer applications.

Missouri water quality standards establish the following limits on chloride:

DesignatedUse Chronic Acute
Aquatic Life 230 mg/L 860 mg/L
Drinking Water 250 mg/L

Toxicity 1 What is Toxicity?*

1 Toxicityi Thepotential of a test material to cause adverse effects on living orgasmstally
it is apoison or mixture of poison$oxicity is a result of dose or exposure concentration and
exposure time.

1 Acute Toxicity Re |l at i v ley mhi ¢ le ¢ h adther effect, asually defined ag
occurring within 4 days for fish or macroinvertebrates.

91 Chronic Toxicityi Toxicity involving a stimulus that lingers or conties for a long period of
time. A chronic toxic effect can be measured in terms of redgoedth, reduced reproduction,
etc., in addition to death.

* From Standard Methods for the Examination of Water and Wastewater, 19th Edition 1995
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Nitrates and Ammonia (Nitrogen on page 17Streamkeepers Field Guide

Nitrogen is an essential plamitrient required by all living plants amgimals for building protein.
All organic (living) matter contains nitrogelm aquatic ecosystems, nitrogsrpresent in different forms.
The usable forms of nitrogen for aquatic plant growth are ammonig) @il nitrate (NQ). Excess
amounts of nitrogen compounds can result in unusually large populations of aquatic plants and/or
organisms that feed on planEr instance, some algal blooms are a result of excess nitrogen entering the
streamAs aquatic plantand animals die, bacterdmeak down the organic matté&mmonia (NH) is
oxidized (combined with oxygen) by bacteria to form nitrites {\N&dd nitrates (Ng).

Ammonia A Nitrite A Nitrate
NH3 A NO, A NO;

Fish die from lack of ox n
S| e yge! J=11
— Farm lands | f o o f o s ) e} oy

Algae die & decompose. add nutrients

Algae & organic matter from croplands

use up dissolved oxygen. & pastures—
(ertilizer &

F animal wastes)

Algae blooms
caused by
excessive nutrients

Suburban runoff
adds nutrients from
fertilized lawns

Cities add nutrients &
organic matter (e.g.

from sewage treatment
plants)

Source: NRCS fAWater Quafatg Watecabdbors Guide

Sources of Nitrogen in Streams

Natural
1 Leaf falli When trees shed their leaves in the fall and the leaves drop into the stream, nitrate

levels naturally become elevated as a result of decomposition of organic matter.
9 Organic decay Since all living matter is composed of nitrogen, decomposition of organic matter
other than leaves may cause elevated nitrate levels.

Anthropogenic (mhnmade
1 Runoff from animal productioin feedlots and runoff from wastes improperly applied to the lan

may enter a stream.

1 Runoff from lawn fertilizersay enter a stream if fertilizer is improperly applied or if there is an
immediate rainfall event after fertilizer application.

9 Storm draingnay carry wastes from pets, fertilizer, broken sewer lines gpiit systems.

Water Chemistry 6/15 Level 1 Notebook O



1 Wastewater from treatment plamt&y be high in nitrogen since most treatment plants do not
remove nitrates.
9 Poorly functioning septic systemmy leak nitrogenous waste into streams.

Septic systemare a common wastewateeatment method in many arelsstead of centralized
wastewater treatment plants, which exist in most urban settings, people with septic systems have
individual wastewater treatmem.septic system is comprised of a main pipe from the house to the septic
tank, and a number of pipes with holes in them leafitorg the septic tanklhese pipes are arranged in a
grid that usually lies over stone and graaedl is called a "drain fieldWastes from the toilet, kitchen
sink, bathtub, and washing machine fldwough an undground pipe to a septic tarlk. the septic tank
solid matter settles out and floag grease may be skimmed dFhe remaining liquid enters the drain
field through the holes in the pipes and trickles through the stone, gravel and soil.

In properly functioning systems, soil particles remove nutrients, like nitrates and phosphates, before
they reachlgroundwater or surface wat&eople who fail to periodically pump out their septic tank may
allow theirtanks to overfill with solidsThis results in wastes going directly to the drain fieldtead of
settling in the tankThe drain field becomes plugged and the liquid wastes are gerléiliered through
the soil.In this condition, household sewage may pool on the ground and enter statacéwough
runoff.

Combined Sewer Overfloy €SO3 are waste water systems designed to combine with the
stormwater system during high flows to bypasstewater treatment plantfiese antiquated systems
were originally designed this way as an attera@void overwhelming #nwastewater treatment plarits.
has long been recognized that these systems were a bad idea because they allow tooeatechwater
to enter stream3.hese systems were designed in the early 1900s and can still be founteimcexiis
Kansas City, St. Louis, 8alia, St. Joseph and MoberBtarting in 2012, Kansas City began introducing
green solutions and sewer rededigmeduce the number of CSO%e estimated cost to reduce 88% of

Kansas Cityos CSOwerthescouasbaf BStyea®.2 . 4 bi | | i on
NITRITES + NITRATES as NITROGEN in mg/L
River Average Value # of Samples Range
Mississippi 2.39 n=10 0.561 453
Chariton 0.73 n=14 0.381 143
Pomme de Terre 0.15 n=14 0.0271 0.81
Jacks Fork 0.5 n=10 0317 0.39

Source: USGS010

NOTE: The Vol unteer Water Quality Monitorinl) Progran
and AAmmoni a asgN.Nitrogeno (NH

There are currently no numeric nutrient standarmisstreamsDNR has recently developed nutrient
standards for Missourids | akes and reservoirs, é
standards for Missouri streams

Ammonia Toxicity Tables

Ammonia (NH) is the only nutrient that is directly toxic to aquatic lifowever, the toxicity of
ammonia is dependent on the pH and the temperature of the water.

Water Chemistry 6/15 Level 1 Notebook 1



It is important to note that ammonia levels are not usually lalgmroin most Missouri streams.
However, current wisdom is that ammonia may be th
speci esd dec | Bataseithis may bethelcasd, ligbter ammonia restrictions are being
placed on wastewater treatment plants as permits are renewed. Since ammonia kits are very expensive,
the VWQM Program only provides kits to volunteers stamgpn areas where ammonia levels could
become a problem, (e.g., below waste treatment plants or below hog and poultry operations).

To determine the toxicity of ammonia, a measurement of water temperature and pH must have been
made at the time of trlenmonia analysisyou will find the Water Quality Standards at the Secretary of
Stateds Website:

http://www.sos.mo.gov/adrules/csr/current/10csr/10¢2@df

Ammonia Nitrogen i®ne of the Numeri€riteria listed in the rule§.he majority of these criteria
(also called standards) can be found in Tables A andiiinules at 10 CSR 2Z0031.Criteria for acute
and chronic Total Ammonia Nitrogen are found in Tables B1 (acute) aliés B2 and B3 (chronit)
see below.

Note: The following paragraph petins to Table B1 specificallBefore you can look up your
streamds Acute Criteria for Total Ammonia Nitroge
fidesignatedi s e s, or evhfi @edhn é TiStteafi Qlasdifc@at Hon and Use Designa
Descriptions of the uses listed at the bottom of Table H (e.g., IRR = Irrigation, CLF = Cool Water
Fishery, WBC = Whole Body Contact Recreation) can be found at R0203.031(1)(C) in tle ruleslf
you want to |l ook this type of information up, but
reading the rules, please feel free to contact any one of the trainers that work for the Department of
Natural Resources and ask for helpc@mplete list of trainers can be found in the Appendix of this
notebook)

These tables can be used to determine the chronic or acute toxicity of ammonia in your stream by
crossreferencing the pH of the stream with the water temperature or designatédhessteamThe
toxicity of the ammonia is any value above the cre$srenced numbeFor example, for water with a
pH 7.6, the acute criteria for a streaAmamaaiai gnat e
nitrogen value above 11.4 mg Nif considered toxic.

Note all water bodies are assumed to have fdearly
used), unless a special study documenting the absence of eastgdiés is approve@nly in that case
would Table B2 be used.

AMMONIA as NITROGEN in mg/L

River Average Value  # of Samples Range

Mississippi 1.27 n=10 0.721 3.3
Chariton 15 n=14 0.4971 4.6
Pomme de Terre 0.28 n=124 0.167 0.46
Jacks Fork 0.08 n=10 0.0571 0.1

Source: USGS010
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C hapter 7—Water Quality 10 CSR 20.7 icsn\\
1

Tahle B1. Acute Critenia for Total Ammonia Nitrogen (mg N/L)

pH Cold-Water Fisheries ), Cool & Warm.Water Fisheries g,
6.5 3lé 438
6.6 L3 46.8
6.7 253 446
6.8 281 4a2.0
6.9 282 3%.1
7.0 24. 36.1
7.1 226 328
7.2 197 9.5
T3 173 262
T.4 15.4 23.0
7.5 133 19.9
7.6 1A 17.0
7.7 9.6 1.4
7. 8.1 12,1
79 67 10.1
B0 3.6 8.4
8.1 ‘6 6.9
B.2 38 5.7
8.3 3l 4.7
§.4 2.5 3.8
8.5 21 3.2
8.6 17 2.6
87 1.4 2.2
58 12 1.8
89 10 1.5
30 ’ 08 13
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10 CSR 20-7—DEPARTMENT OF NATURAL RESOURCES Divisicn 20=Clean Water Commission

Tuble B2. Chronic Criteria for Total Ammonia Nitrogen ime N/L): Early Life Stage absent 5,
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70 | 96 | %0 | 8e | 79 | 74 | 69 | 65 61 57|53 |47 a1 36|32 |28 24|21
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72 | 87 | 82 | 76| 72 67 | 63 | 59 | ss  s2 | a9 | a3 |37 |33 |29 |25 |22 | s
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csn 10 CSR 20-7—DEPARTMENT OF NATURAL RESOURCES Division 20—Clean Water Commission
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Table B2. Chroni Criteria for ‘Bial Ammonia Nitragen {mg N/L): Early Life Stage alwent . o,
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Phosphorus(page 18treamkeepers Field Guide

Phosphorus is also a plant nutrient. Phosphorus is most readily available to platite@sosphate
a reactive form of phosphorus commonly referred tB@s(phosphate In nature it is generally present
in very low levels measured in tenths or hundredths of mg/L.

Phosphorus occurs naturally in rocks and enters the water column thineutgttaral weathering of
rock. Phosphorus binds readily with sparticles.Soil must be highly saturated with phosphorus before
excess amounts are detectable in shallow groundwater, which will eventually enter streams where it can
have negative impacts.

In many instances phosphate can be the nutrient that limits plant grenthli(lce d fipr i mar y
pr odu c fThiswocctirgwhen.phosph is less abundant surface water than nitrogdeven small
increases in the amount of phosphorus enteriigeara can have a large impd€point source or
nonpoint sources of pollution are high in phosphate, they carstivailate the growth ofllatypes of
aguatic plants.

Sources of Phosphorus in Streams

Natural
1 Rock andsil T Phosphate enters water naturally through the weathering of rock.
9 Organici Since all living matter is composed of phosphorus (and other compounds), most of the
phosphate is bound in bacteria and algae.

Manmade
1 Runoff from animal productioin Phosphorous wastes from animal feedlots can contribute to
phosphate loading in stream
1 Runoff from fields and lawrisMany people fertilize their lawns in urban areRainfall events
that follow fertilizer application can result in runoff that is high in phosphorus.
I Storm draing Storm drains may carry lawn fertilizer and pet wasteunoff from broken
wastewater lines and septic systems.
1 Wastewater from treatment plant®Vastewater may be high in phosphorus since most treatment
plants do not remove phosphates.
Poorly functioning septic systemVaste from septic systems may reachans.
Combined Sewer Overflows (CS®9d)hese systems caused excessive algal blooms in Lake Erie
in the 1960s. Most of the CSOs that entered Lake Erie have been fixed.

=a =

PHOSPHATE (PO,) in mg/L

River Average Value # of Samples Range

Mississippi 011 n=10 0.057 0.19
Chariton 0.03 n=14 0.008i 0.04
Pomme de Terre 0.02 n=14 0.00471 0.08
Jacks Fork <0.02 n=10 0.017 0.02

Source: USGS010

There are currently no numeriatrient standards for streamBNR has recently developed nutrient
standards for Missourids | akes and reservoirs,
standards for Missouri streams.
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Turbidity (page 185treamkeepers Field Guide

Turbidity measures the clarity of wat&klater with low turbidity is clear hile water with high
turbidity is cloudy or murkySuspended matter, such as soil particles and plankton such as algae, most
often cause cloudy or murkywatdrur bi di ty i s measured in NTUG6s ( Nep
which quantifies of the amount ifht scattered by suspended material in the sample.

Effects of High Turbidity Levels

1 Sediment can block out light needed by aquatic vegetation.
1 Suspended particles can increase water temperature.

1 Sediment can bury fish eggs and benthic invertebrates.

1 Seaiment can fill in interstitial spaces, eliminating habitat.

By measuring turbidity, you can evaluate whether excessive soil emrsabgal growth is occurring.
Previously discussed methods for measuring nutrient (Nitrogen and Phosphorus) loads rcamedéter
stream is at sk for excessive algal growtHlowever,some measurement of suspended solid matter is
necessary in order to evailte the level of soil erosion

Areas where turbidity monitoring is particularly valuable include:
9 Areas being develggwhere a great deal of construction and land disturbance is occurring.
1 Downstream from quarries and gravel mining operaticftsese activities can result in fine
particles entering a stream and smothering habitat.
9 Agricultural areas that have not adoptéest management practicesprevent soil erosion.

Interpreting the Data

The water chemistry and biological data can show variation between streams in a general area, a
even for the same locatiofihere are seasonal variationglaven time of day variationkn reviewing
the data there are several questions that can be asked, and the answers will provide some clues in
assessing the overall ecological health of the stream.

1. Does the stream meet the minimum standards for watetyfliblie water quality standards are
state rules established by the Missouri Clean Water Commission and set the minimum
requirements for water quality for all waters of the stAteomparison of data against these
minimum criteria will show whether thereesany serious violations of the state standards.

2. After a volunteer has been monitoring a stream for a period of time, they will begin to be able to
recognize changes that are out of the normal variation (e.g., those caused by changing easons).
a volunteer does notice a change, they should ask themselves if the change appears to be
significant enough to cause impacts on water quality probliéss, DNR staff should be
notified so the problem can be addressed.

3. Are there readily apparent sour¢eg&her point or nonpoint) for the impacts that are séen?
these sources similar to the types of activities that are regulated through permits (point sources),
or are they sources that might be improved by voluntary actexeples of voluntary actien
include addressing a litter problem by organizing a litter pickup, or addressing a variety of
nonpoint sources of pollution by planting trees in a riparian zone to act as a filter buffer for a
stream.

* Dondét forget to r evi atewow meiers thd mightbefmehgeirgt s and
to the field! *
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Definitions for Chemical Kits

1 Reageni a substance that, because of the reactions it causes, is used in analysis and synthesis.
1 Meniscus the convex lower surface of a column of liquid, the curvature of which is caused by
surface tension.

+— Fluid level

Measurement level on glass tube —
{eg..25mlL)

Chemical Waste

Waste reagents and liquid from Nitrate analyses must be containerized separately in the container
suwpplied by the Program (e.g., a cubitainer) or a witised, heawwwalleddetergent or bleach container
DO NOT use milk or soda containdrshe plasic is too thin and will failWaste may be turned in to
Program Staff at a Stream Team workshop or to a DNR or MDC Regional Office (seeApmeimdi).

It is critical you mark waste bottles with the contents (i.e. Nitrate Waste) and do not mix the waste
products from different chenal tests If you do not separate and label wastes, the DNR Environmental
Services Program lab must treat the waste as if it contains a variety of chemicals winelcasuming
and expensiveAlso DO NOT put any waste materials in your waste contaitiesr than those generated
from the nitrate tests permed by volunteer monitorgldding other unrelated wastes (e.g., petroleum
products) can be dangerous, and will increase the
to properly disposef as hazardous waste.

Expiration Dates for Kit Chemicals

pH: The pH 7.0 (yellow) and pH 10.0 (blue) Buffer Solutions a®eduo calibrate the pH meté&ihe
solutions should have the expiration datimted on the side of bottlgvhen properly stored, ¢se
solutions shouldd® good until expiration date®ver time, trace C&from the air will leach into the
bottles forming carboxylic acid, which will cause shifting pH values and tldecacisumes buffering
capacity.This is especially evident in the pH.0 buffer solution where an open beaker can become more
acidic over the course of a few hours (Molecular Biology Prol#®lver by Alan S. Gersteirlpo NOT
put solution used for calibration back in thetl@or you risk contaminatiotJsed or expired pHyuffer
solution can be poured down the drain while flushing thoroughly awith water Contact Program Staff
for replacement chemicals.

Conductivity The clear Sodium Chloride Standard Solution is used to calibrate the conductivity
meter. This solutiohas the expirabin date printed on the bottM/hen properly stored, indoors at room
temperature, the solution should bood until expiration date®O NOT put solution used for calibration

Water Chemistry 6/15 Level 1 Notebook 8



back in the bdte or you risk contaminatiotdsed or expired sadm chloride solution can be poured
down the drain while flushing thoughly with cold waterContact Program Staff for replacement
chemicals.

Dissolved Oxygen KiAll Dissolved Oxygen Reagent Packets have an expirdata printed on
each of themPleag checklte date each time you monittirthey are past the expiration date, unused
sealed packets can be disposed of in the trash and replacesggetsted from Program Stalfxpired
Sodium Thiosulfate or waste from the dissolved oxygen tests shaubé combined with the nitrate
waste DO kit liquid waste can be poured into any plastic container and disposed of at home down the
drain while flushing thoroughly with cold water

B Nitrate Test Kit The Nitrate Reducing Reagent in the brown glass baiieah expiradn
date printed on the labdt.will often expire within a year, so it is critical to make note of thgiration

date before samplingf.the reagent is past the expiration date or has become clumpy or discolored, it will
no longer provide viableresult and should not be usé&b not throw it awayThis reagent contains

cadmium and must be disposdgmperly as hazardous wastelease return it to the Program or turn it

in to Program Staff at a workep and request a replacemdfaepingthe cap tightly taped will help keep

out moistue which will ruin the reagenthe Mixed Acid Reagent also has an expiratilate printed on

the bottle Please containerize the waste reagent fr@mitrate test kit separateN¢Zhen you receive

your cubtainer, mark it as Stream Team Nitrate Waste with a permanent marker. Place all nitrate waste in
this container and return to Program staff.

Read the Safety Data Sheets (S&#) note preautions and spill proceduresafety Data Sheets are
required by lavwto inform individuals about the hazardous nature of any chemicals withhwigy may
come into contacKeep the SDS handwn icase of spills or accidenteachers should keep SDS in the
kits at all times and keepcapy on file at their schoohdditional copies of SDS are posted on the Stream
Team Websitehttp://www.mostreamteam.org/datasheet9.asp

METHODS AND TECHNIQUES FOR FIELD CHEMISTRY

pH Pen Key Points

1. After receiving a new pH pefill the capwith about 2 cm of tap wateRecap the tester and soak
sensor for at least one hour. This will activate the sensor and hydrate the bulb. Rinse cap and sensor
with tap water before calibrating.
2. Always use -oint calibration Calibrate the pHneter to 7.0 with the yellow pH 7.0 Buffer Solution
and to 10.0 with the blue 10.0 Buffer Solution with2 hours before you sampléthe bulb is dry,
themeter will not work properlylf even after soaking, the meter does not work properly, follow
trobl eshooting procedures outlined under Chemical
Appendix

3. To calibrate a Hach Pocket Pro pH Meter, power on by pressin@tbetton

i
1 Press™¥ and display will indicate the calibration standard required. Firstkitas f or pH A 7. 0
1 Pour yellow pH 7 buffer solution to cap fill line and place meter in cap.

iz Y
1 Once stable, pre:¥ to autocalibrate to 7. Display will now indicate the next calibration

standardl t wi I I fl ash between pH fA4.010 and pH A10
1 Rinse sensorral cap. Pour blue pH 10 buffer solution to cap fill line and place meter in cap.
Fiz Y
1 Once stable, pres™¥ to auto calibrate to 10. Display will now indicate the next calibration. It
wi || ask for pH A4.010.
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iz Y
1 To accept the twgoint calibration and exit calibrath mode, press and h(%¥ AENDO wi | |
displayed. Meter is now ready for sample.
9 After calibrating the pH penurn off the penreplace the cap, and discaingé used calibration
solution.Do not put used solution back in the bottle or you risk contamination. It is a salt
solution, and can go down the drain.

Note The meter will automatically turn off after several minutes ofuemto conserve batteries.

4. Never submerge the meter over ¢l lineeither during calibratio or during stream monitoring.
Water may damage the electronics if submerged.

5. After storing the meterehydrate the bulb by filling cap with water and placing meter in cap for
several minutes.

6. Please note the Stream TeBmogram does NOT provide replacement batteries for the pH meters
Replacements can be found at any large Apuitpose or hardware store. Be sure to check your meter
to see if it takes AAA or button batteries.

Conductivity Pen Key Points

1. After receiving anew conductivity peryou will need to hydrate the probes. As with the pH pen, do
not submerge the meter over the cap line. Add 2 cm of tap water or calibration staritardap and
submerge probesllow meter to soak for at least 15 minutes to candiand hydrateRinse cap and
probe and continue with calibration procedure.

2. Always calibrate the conductivity metgith the Sodium Chloride Standard Solution prior to each
sampling event within 12 hours before you monitor.

3. To calibrate a Hach Pocket Pro Conductivity LR Meter power on by pressil@ theton

i
T Presss and display wil/| indicate the calibration

and Al1470.
1 Pour the 1413 pS/cm calibration solution to cap fill lamel place meter in cap.

iz Y
1 Once stable, pre:%¥ to auto calibrate to specified calibration reading. Display will flash then
di splay AEnd. o The meter is now ready for samp

Note The meter will automatically turn off after several minutes ofmemto congwe batteries.

4. After calibration or stream monitoringoower off the meter. The meter can either be stored with a
small amount of calibration solution to keep the probe conditioned, or stored dry@mtittoned
before the next use (recommended for kergn storage).

5. Do not put used solution back in the bottle or you risk contamination. This solution can be disposed
of down the drain while flushing thoroughly with cold water.

6. Please note the Stream Team Program does NOT provide replacement battéhieséorductivity
meters Replacements can be found at any large rpultpose or hardware store. Be sure to check
your meter to see if it takes AAA or button batteries.

Dissolved Oxygen Kit Key Points

1. Always wear gloves and safety glasaten conducting DO or nitrate analysis since the chemicals
are acidic. DO Reagent #1 contains an experimental mutagen and DO Reagent #2 contains iodine,
which is a hazardous irritant.

2. Always rinse all sample containeiacluding lids and caps, with stream water attlé@®ge times
before collecting a sample.
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3. ThedirectionsfortheDOktay t o fAhol d t he
mi nutes and stopper the bottl
water fora full minutel t 6s mor e I mportant to make s battle t o
completely under watelt is also recommended to not stopper thelbaifter collecting a sample.
Insteadfill bottle with sample water to the top of tlrested line on the neck of the bottle

4. Possible Interference some cases, the floc will not settle as expected if water temperatures
approach freezing or due to interference from high chlorides. Floc exposed directly to the air might
react with the D¥solved Oxygen 3 Reagent Powder Pillow to form a blackikeresidue that is
extremely difficult to removdf the floc fills the bottle to the stopper after shaking vigorously the
first time, shake the bottle vigorously a seddime and wait five mutes.If the floc still fills the
bottle to the stopper, discard the sample water and reagents, rinse the bottle thoroughly with sample
water three thes, and begin the test agdfrthe floc still fills the bottle to the stopper after thorough
rinsing, epeated vigorous shaking, and waiting five minutes, DO NOT add Dissokye3
Reagent Powder PillovDiscard the sample and make a note on the Water Chemistry Data Sheet that
the DO floc would not settle.

5. When finished with the DO analysigrap a smalpiece of paper towel around the stopper before
returning it to the DO bottlelhis will prevent the stopper from becoming stuck in the bottle.

6. DO test waste should be containerized separately from nitrate test Wwakyereacted DO waste can
be eithedisposed of on the ground (away from the stream) or placed in a plastic container and
poured down the drain at home, while flushing thoroughly with cold water.

di ssol ved oxygen
e

Nitrate Kit Key Points

1. Always wear gloves and safety goggles when performing a nitrate analysis

2. The nitrate reducing reagent contains cadmium, a hazardous heavyGadtalum is a known
human carcinogen. This compound can be absorbed by skircicanitalation, and ingestion.
Exercise extra precaution while using this reagent.

3. If your nitratereducing agent has passed its expiration date or has become clumpy or disitafored
no longer good to usllease send it back to the Program and request a replacement.

4. Always rinse all sample containers, including lids and caps, with stream wadasttree times
before collecting a sample.

5. Ignore the instructions to use the multiplier in the last step.

6. Containerize all nitrate waste analyses separately in the container supplied by the Program er a heavy
walled detergent or bleach container.

NOTE: Expired Nitrate Reducing Reagent and Nitrate test waste related to the Volunteer Water
Quiality Monitoring Program must be turned in to Department of Natural Resources or Missouri
Department of Conservation Regional Offices (see maps in the Appendix oftiiehook). Be sure to
indicate you are with the Stream Team Program or the offices maatcept your chemical waste.
Always label ay waste reagents as directetou may also turn in Stream Team equipntgiou no
longer choose to usd.hey will make sureany returned equipment gets back to the Praigp to recycle
for future use.You may also call the Program and request a prepaid imgilabel to return equipment.
Please do not return items such as expired calibration solutions or reagents that can b&rthinathe
trash or disposed of down the drain.
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