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1.0 Scope and Application
This compendium of Standard Operating Procedures (SOPs) is applicable to the collection of water samples from rivers,
streams, brooks, creeks, lakes, ponds, lagoons, and surface impoundments. It is applicable to samples taken from the
surface and samples taken at any depth along a vertical column between the surface and bottom.
This Water Quality Monitoring SOP compendium has been organized into five general categories:
o
o
o
o
o

Methods
Instruments
Checklists
Safety
Glossaries

2.0 Summary of Method
No single sampling procedure can be applicable to all sampling situations. Therefore, no single sampling procedure is
recommended. However, water samples taken from a source referenced above generally is done by using one of the
following methods or devices:
o
o
o
o

Hand—collected sample (bottle in hand while wading)
Extension arm sampler (sample from shore using 2—liter Nalgene bottle clamped to a telescoping pole)
Sample from bridge using a Van Dorn sampler
Sample from boat using an integrated sampler or kemmerer

These sampling devices and methods will be suitable for virtually all water quality sampling situations encountered at a
source referenced in 1.0, above.
As of May 31st, 2016 (5/31/2016) the Sauk River Watershed District implemented the use of 4.2L Beta Van Dorn
samplers after noticing a disclaimer on the Wildlife Co. website that the Alpha Van Dorn samplers (previously used by
the SRWD) were not recommended for water chemistry sampling due to the ability of the materials used to affect
phosphorus and mercury numbers in samples.

3.0 Health and Safety
It is imperative to comply with all OSHA, EPA, and other specific safety and health procedures when working with
potentially hazardous materials or when working in potentially dangerous situations. See Appendix S—1, Safety in Field
Activities.
When wading in a river or stream to obtain a grab sample, ensure that the water is not moving so swiftly that you may
be carried away. As a general rule, if stream depth (in feet) multiplied by its velocity (feet/second) is greater than your
height (in feet), then do not wade! Always wear your safety vest when sampling.
When sampling from a boat in a lake, river, stream, or impoundment, comply with all applicable boating safety rules and
regulations.
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4.0 Interferences
Sample cross contamination can occur if the sampling device is not thoroughly cleaned between sample events. This
may be minimized by dedicating specific equipment to specific sampling procedures. If this isn’t feasible, thoroughly
clean the sampling device according to directions provided in Appendix M — 4, Surface Water Sampling — Equipment
Cleaning and Decontamination.
Sample contamination can also occur through sampler disturbance of the streambed or by sampling in an otherwise
obviously disturbed part of the river or stream.

5.0 Personnel Qualifications
All Field Analysts must be thoroughly familiar with proper sampling techniques, sample handling, recordkeeping, and
safety procedures before sampling alone. Inexperienced personnel must be accompanied in the field by an experienced
Field Analyst and demonstrate proficiency at sampling and recordkeeping before being allowed to sample alone.

6.0 Equipment and Supplies
A wide variety of equipment and supplies may be needed to collect water samples from a river, stream, brook, creek,
lake, pond, lagoon, or surface impoundment.

7.0 Sampling — Preparation
Determine how many samples will be taken, their types, and the number and size of the sample containers that will be
needed. Ensure adequate insulated cooler capacity to accommodate all samples that must be preserved by cooling.
Determine the sampling method(s) that will be used. Consult Appendix C — 1 Equipment for Summer Surveys to
determine the equipment that will be needed. Ensure that all equipment is in working order.
Clean equipment, if necessary, or use pre—cleaned equipment and disposable supplies. Develop a trip schedule and
coordinate with other staff, landowners, and clients, if necessary. Before entering sampling site, conduct a general site
survey and consider health and safety requirements, if any. Mark all sampling sites, if necessary, using stakes, flags, or
buoys.

8.0 Sampling — Secondary Considerations
When sampling impoundments, determine Dissolved Oxygen, pH, and Temperature. This can indicate stratification
which would affect analytical results. Take measurements at 1—m intervals from the surface down to the substrate
using a YSI Hydroprobe or equivalent multi—probe device.
Wait until the probe readings have stabilized before taking measurements.
To assist in the interpretation of analytical data and assist in the selection of sampling sites, measure Dissolved Oxygen,
pH, Temperature, and Specific Conductance whenever analytical samples are taken. (Refer to Appendices I — 21, I — 22,
and I — 26).
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9.0 Sampling Options
A variety of sampling methods and devices are available. The correct method or device will depend on whether sampling
is done from shore, a bridge, a boat, or by wading. The depth at which the sample is to be taken is also a consideration.
For information on lake sampling see Appendix M — 10.

9.1 Hand—Collected Sampling (Hand Grab)
A hand—collected sample is a suitable sampling method for surface sampling of lakes less than two (2) meters deep and
shallow streams but should be avoided when sampling wastewater or other waters where biological or chemical hazards
are a concern. Wearing hip or chest waders carefully enter the stream being vigilant of holes or dropoffs in the stream
bed. With sample bottles in—hand, stand downstream of the sampling point. Face upstream. This way the stream’s
current ensures that the sample is not contaminated by contaminants on your waders. Turn the sample bottle upside
down and swiftly plunge it below the surface of the water. Tip the bottle sideways to let the water in. Do not use sample
bottles containing the sample preservative when sampling by hand in that all or part of the preservative may be lost
during sampling. Use a separate container without preservative for hand—collected sampling and add the preservative
immediately following sampling collection. If the water is cold or if you have any open cuts or sores on your hands or
arms, wear shoulder length waterproof gloves.
For detailed information on how to obtain a hand—collected sample, refer to Appendix M — 9.

9.2 Extension Arm Sampling
When rapid stream flow or other conditions exist that make wading dangerous or impractical, dip sampling may be a
suitable alternative. The dip sampler is a sampling container affixed to an extension pole that enables the Field Analyst
to obtain a sample from the area of greatest flow while standing on shore.

9.3 The Integrated Two—Meter Sampler
The integrated two meter sampler is a two meter long narrow pipe used to sample the most active layer of a lake or
reservoir concerning suspended algae and similar photosynthetic organisms. The tube is sized to collect a two liter
sample integrated over the top two meters of water. Triple rinse the sampler tube in the lake by inserting the stopper,
then submerging the tube. Remove the stopper, allowing the water to flush through the tube. Repeat this two more
times. Place the tube in the water until it is fully submerged. Insert the stopper in the top end of the tube and quickly
remove the tube from the water. Place the open bottom end of the tube over the pitcher and allow the water to fill the
pitcher. Once the pitcher is full, place lid on pitcher and mix to create a representative sample (especially if the sample
has had time to settle). Then pour well-mixed water into sample bottles. Rinse the sampler between sampling events by
triple rinsing the sampler at the next sampling station using distilled water. Discard the rinse water. If the next sampling
station is located on the same lake, triple rinsing with the lake water is sufficient.

SRWD Water Quality Monitoring SOPs
Revision 5
March 19th, 2019
Page 10 of 64

9.4 Kemmerer or Van Dorn Bottle Sampling
The Kemmerer Bottle is the sample device of choice when a depth sample is required, especially for collecting bottom
samples in lakes. A Van Dorn is used when sampling from a boat, bridge, or pier. Both pieces of equipment must be
thoroughly cleaned before use. For information on appropriate cleaning procedures, refer to Appendix M-4. These
samplers are cylindrical in shape and approximately 2’ in length and 6” in diameter, usually made of clear or white
plastic, with spring—loaded watertight end caps that may be locked in the open position. The sampler is attached to a
rope and lowered to the desired depth. When collecting depth (bottom) samples from a lake, the rope is marked in
regular intervals to enable the sampler to determine the precise depth that is to be sampled. When the sampler is at the
desired depth a weight on the rope called a messenger is released by the operator. It descends the rope and impacts the
top end cap. The impact releases the end caps from the locked—open position and they close on the water sample
within the cylinder. The sampler is then retrieved and its contents transferred to sample bottles via a spigot with pinch
clamp in the cylinder wall. The sample bottle is then placed in the cooler with ice for transport to the laboratory for
analysis. The sample may also be acidified depending upon the parameters to be analyzed. Since the Kemmerer is
essentially on open ended bottle, it is rinsed as it passes through the water, thus triple rinsing with lake or stream water
is unnecessary, however, to ensure that cross-contamination does not occur the SRWD triple rinses the Kemmer with
distilled water in between sampling sites. The Van Dorn should also be cleaned between sampling sites using a triple
rinse of distilled water. The procedure for this can be found in section M-9.
If the depth sample is being taken from a lake, the turbidity is typically tested during sampling using a Secchi disk. (See
Appendix M — 11). For turbidity determination in rivers and streams, a Transparency Tube is generally used. (See
Appendix M — 12).
As of May 31st, 2016 (5/31/2016) the Sauk River Watershed District implemented the use of 4.2L Beta Van Dorn
samplers after noticing a disclaimer on the Wildlife Co. website that the Alpha Van Dorn samplers (previously used by
the SRWD) were not recommended for water chemistry sampling due to the ability of the materials used to affect
phosphorus and mercury numbers in samples.

10.0 Sample Handling and Preservation
Ensure that each sample container label bears all required information. For samples collected from waterbodies listed as
infested with AIS, this includes a note on each bottle cap and bottle label that says “AIS”. These notes inform the lab that
these samples are from AIS infested waters and need to be properly disposed of. Add preservative to sample or use
pre—preserved sample bottles, if necessary. Place sample bottles in insulated cooler with ice. Decontaminate sampling
devices before proceeding to next sample site using a triple rinse of distilled water. To prevent contamination in
between sites, ensure that sampler ends are closed. Make sample shipping arrangements in advance.
Fecal coliform or E. coli bacteria samples may require expedited shipping in that the maximum holding time is only 24
hrs. If the data is to be used as evidence for an enforcement action, the holding time is 6 hrs. plus an additional 2 hrs. for
laboratory set—up. (Refer to Appendix M — 5).
Orthophosphorus samples are treated in a similar time—critical manner as fecal coliform. Chlorophyll—a samples
require special attention. (Refer to Appendix M — 2).
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11.0 Data and Records Retention and Management
Complete the field notes and Chain of Custody form and enclose a copy of the Chain of Custody with the samples. Enter
all pertinent sample and site information in the field logbook. Instructions on how to complete the Chain of Custody
form may be found in Appendix M — 1. Retain copies of field notes and Chain of Custody in accordance with program
policy.

12.0 Quality Assurance and Quality Control
Routine quality control samples are of two types; sampler blanks and field duplicates and typically comprise 10% of like
samples. Sampler/Equipment blanks check the adequacy of sampling equipment cleaning procedures between sampling
events. Field duplicates check the reproducibility of field analyst sampling methods and also serve as a check of
laboratory analytical performance. For information on how to take sampler blank and field duplicate samples, refer to
Appendices M — 8 and M — 14.
To obtain meaningful and representative analytical data, sampling must be conducted at sites that represent the typical
condition of the lake or stream at that sampling point. Stream sampling should be done at the point of greatest flow.
Backwaters, slow—moving areas, and areas with accumulated surface debris are to be avoided. Lake topography maps
should be consulted to determine the deepest points and a GPS should be used to locate them.

13.0 References
Guidance for Preparing Standard Operating Procedures (SOPs), EPA QA/G6, EPA/240/B—01/004, March 2001.
Water Quality Programs Sampling and Monitoring Standard Operating Procedures (SOPs), MPCA/Revision 4/September
30, 2013
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14.0 Appendices
14.1 Methods
Appendix M — 1: Chain of Custody Procedures
Because a sample is physical evidence, Chain of Custody procedures are used to maintain and document sample
possession from the time the sample is collected until it is introduced as evidence. Chain of Custody requirements will
vary from agency to agency. However, these procedures are similar and the Chain of Custody outlined in this manual is
only a guideline. Consult your project manager for specific requirements.
If you have physical possession of a sample, have it in view, or have physically secured it to prevent tampering then it is
defined as “being in custody.” A Chain of Custody record, therefore, begins when the sample containers are obtained
from the laboratory. From this point on, a Chain of Custody record will accompany the sample containers.
Handle the samples as little as possible in the field. Each custody sample requires a Chain of Custody record and may
require a seal. If you do not seal individual samples, then seal the containers in which the samples are shipped.
When the samples transfer possession, both parties involved in the transfer must sign, date and note the time on the
Chain of Custody record. If a shipper refuses to sign, seal the samples and Chain of Custody documents inside a box or
cooler with bottle seals or evidence tape. The recipient will then attach the shipping invoices showing the transfer dates
and times to the custody sheets. If the samples are split and sent to more than one laboratory, prepare a separate Chain
of Custody record for each sample. If the samples are delivered to after—hours night drop—off boxes, the custody
record should note such a transfer and be locked with the sealed samples inside sealed boxes.
For samples collected by SRWD staff, a Chain of Custody form provided by the lab will be filled out prior to shipping
samples. The SRWD’s Water Resource Manager will work with the lab staff to determine what information needs to be
included on the Chain of Custody document. Individual Chain of Custody forms should be filled out for different projects
so that invoices are received separately. This makes the invoicing and billing process easier for the SRWD at the end of
the monitoring season. The Water Resource Manager is responsible for ensuring that any other SRWD staff member,
intern, or volunteer that is shipping samples has been informed of the correct way to fill out the Chain of Custody. Any
questions regarding this document should be directed to the Water Resource Manager.

Appendix M — 2: Chlorophyll—a Field Sampling Procedure
Collect chlorophyll—a samples with a two meter depth—integrated sampler. Discharge the collected sample into a 2—L
glass amber bottle. If depth is less than two meters, collect a grab sample by inverting the 2—L glass amber bottle to
elbow depth.
Sample bottles should be immediately placed in a cooler, inside of a protective sleeve or bubble wrap, (cool to 4°C) and
kept out of the sunlight. Indicate on the field sheet that a sample was collected for chlorophyll—a analysis.
Preferably, filtering should take place as soon as possible after sample collection. Filtering within 1 — 2 days is
considered acceptable if samples are kept at 4ºC and out of sunlight. Due to limited staff and in-house laboratory space,
the SRWD will send all chlorophyll-a samples to a MDH certified laboratory for analysis. Samples will be shipped on ice
the same day they are collected to ensure that the laboratory receives them at the correct temperature and with plenty
of time to filter them within the 1-2 day time frame.
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Appendix M — 3: Surface Water Sampling — Equipment Cleaning and Decontamination – for Streams AND
Lakes
Materials Needed
Distilled water, sprayer used only for distilled water, towels.
Equipment Cleaning and Decontamination Steps
o
o
o

Thoroughly spray equipment with distilled water.
o Let water out through valves on each end of the sampler to clean those as well.
Triple rinse equipment by thoroughly spraying with distilled water three separate times.
o Let water out through valves on each end of the sampler to clean those as well.
This triple rinsing process should occur after each sample is collected to ensure that the sampler is rinsed and
ready for the next site (example – Van Dorn, Kemmerer, Integrated Sampler, etc.)

When possible, let air—dry until moisture is completely evaporated. When traveling from site to site make sure that
sampler ends are closed and equipment is loaded cautiously to avoid contamination in between sites.
Regarding sites that are known to be infested with Aquatic Invasive Species (AIS):
 Whenever possible, all AIS sites should be scheduled for the end of a sampling round or for the last sampling day
of a week – however, as more sites within the SRWD have become infested with AIS, this has become less
practical. In the event that AIS and non-AIS sites are sampled on the same day, a separate sampler and sonde
will be used on AIS sites. All triple rinsing procedures will be followed on both sets of equipment.
o Sites with zebra mussels should be sampled last whenever possible
 The triple rinsing procedure described above should be used for AIS sites and equipment as well, being sure to
remove any visible debris from equipment prior to leaving the site
o Use a towel to wipe down and visually inspect equipment in between sites to ensure that all visible
debris is being removed
 AIS equipment should be separated to the extent possible from non-AIS equipment when in the vehicle and in
storage
Other Considerations
All field equipment should be thoroughly cleaned and decontaminated at least annually, ideally at the beginning of the
sampling season. Also clean after each sampling event at sites with heavy contamination.
Equipment used at multiple sites per day should examined between each site, removing all visible material. When
possible, there should be a separate set of equipment to use at sites that are known to be infested. When it is not
possible to have a separate set of equipment, sites with invasive species should be visited last. This equipment includes,
but is not limited to: Van Dorn, Kemmerer, integrated sampler, waders, M9, Flow Tracker/wading rod, and any other
equipment that contacts the water from site to site.
When possible, collect samples from lowest to highest suspected levels of contamination to minimize the chance of
cross contamination. Decontaminate equipment at a separate location from the sampling site (decontamination should
take place in the truck, not on the bridge or boat near the sampling location).
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Appendix M — 4: Coliform Bacteria Sampling (E.coli)
Sample Collection, Preservation, and Storage
Because sterile conditions must be maintained during collection, preservation, storage, and analysis of indicator bacteria
samples, specific procedures have been developed that must be strictly followed. These procedures vary with types of
sampling equipment and source of sample (surface water, ground water, treated water, or waste water).
Surface—Water Sample Collection
The spacial areal and temporal distribution of indicator bacteria in surface water can be as variable as the distribution of
suspended sediment because bacteria commonly are associated with solid particles. To obtain representative data, use
the same methods for collecting surface water samples for bacteria analysis as for suspended sediment.
Quality Control
Depending on the data quality requirements, quality control (QC) samples (blanks and replicates) can comprise from 5%
— 30% or more of the total number of samples collected over a given period of time. EPA guidelines specify that 10% of
samples taken should be QC samples.

Hand—Dip Method
If the stream depth and (or) velocity is not sufficient to use a depth—and—width integrating method, collect a sample
by a hand—dip method. Sampling still water or sampling at depth in lakes, reservoirs, estuaries, and oceans requires a
sterile point sampler. Niskin, ZoBell, and Wheaton samplers hold a sterilizable bottle or bag. To collect a hand—dipped
sample:
Open a sterile, narrow—mouth borosilicate glass or plastic bottle; grasp the bottle near the base, with hand and arm on
downstream side of bottle.
Without rinsing, plunge the bottle opening downward, below the water surface. Allow the bottle to fill with the opening
pointed slightly upward into the current.
Remove the bottle with the opening pointed upward from the water and tightly cap it, allowing about 2.5 — 5 cm (1 — 2
inches) of headspace. This procedure minimizes collection of surface film and avoids contact with the streambed.
As with surface water, most bacteria in ground and well water are associated with solid particles. Stable values of field
measurements (turbidity, temperature, dissolved—oxygen concentration, pH, and specific electrical conductance) are
important criteria for judging if a well has been sufficiently purged for collection of a representative ground—water
sample for indicator bacteria analysis.

Sample Preservation and Storage
After collection, immediately chill samples in an ice chest or refrigerator at 1°-4°C. Do not freeze samples. Begin analysis
as quickly as possible, preferably within 1 hour but not more than 6 hours† after sample collection, to minimize changes
in the concentration of indicator bacteria. †
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When continuing to sample throughout the day and unable to immediately chill samples in a refrigerator, be sure to
have coolers packed with an adequate amount of ice to store samples and cool them as much as possible while still in
the field.
Preserving Sample Cleanliness
When sampling from a bridge, typically at sites where a hand-dip sample is not feasible, SRWD staff will use a Van Dorn
sampler. Due to the sensitivity of E.coli, it is extremely important that the decontamination procedure described in
section Appendix M-4 is followed.
Safety When Sampling From a Bridge
If you are in traffic wear a traffic safety vest. Carry a white sampler to increase your visibility. If visibility is low, set a
blinking warning light next to you while you are collecting the sample.
If you are on a Warner truss or similar bridge and it is a sunny day, also use a warning light. Place the light in one of the
shadows. The shadows of the truss work on the bridge deck will cause optical confusion for approaching drivers and will
hide your presence.
†

PCA Environmental Analysis & Outcomes Division policy is as follows: The maximum 6—hour holding time must be
strictly observed if the sampling is being done in conjunction with a possible enforcement action. A chain—of—custody
form must also be used. If the sampling is not for possible enforcement purposes, the maximum holding time is 24—
hours. A chain—of—custody form is still required. Note that the analyzing laboratory may ‘flag’ this data for exceeding
the holding time in that the EPA rule is not being strictly observed.

Appendix M — 5: Specific Conductance Field Measurement
Calibration
Conductivity is collected using a YSI multi-parameter sonde and handheld. Calibration must be completed no more than
five days before the sampling event (assuming a once per week calibration). Calibration readings are recorded in the
instrument log book and on field forms at the time the instrument is calibrated. Calibrate your instrument according to
manufacturer’s instructions.
Surface Water Measurement
In situ measurement generally is preferred for determining the conductivity of surface water. Precision should be
determined about every tenth sample or more frequently, depending on study objectives. Successive measurements
should be repeated until they agree within 5% at conductivity ≤ 100 µmhos/cm or within 3% at conductivity > 100
µmhos/cm. The conductivity measurement reported must account for sample temperature. If using an instrument that
does not automatically temperature compensate to 25°C, record the uncompensated measurement in your field notes,
along with the corrected conductivity value. Use correction factors supplied by the instrument manufacturer.
It is SRWD policy that conductivity readings will be taken during each sampling event.
Flowing, shallow stream — wade to the location(s) where conductivity is to be measured.
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Stream too deep or swift to wade — lower a weighted conductivity sensor from a bridge, cableway, or boat. Do not
attach a weight to the sensor or the sensor cable.
Still—water conditions — measure conductivity at multiple depths and at several points.
Record the conductivity and corresponding temperature readings without removing the sensors from water. When the
measurement is complete, remove the sensor from the water, rinse it with distilled water, and store it. Record the
stream conductivity on the field forms. Rinse the sensor, the thermometer, and the container with distilled water. If
another measurement is to be made within the next day or two, store the sensor in deionized water. Otherwise, store
the sensor dry.

Appendix M — 6: Dissolved Oxygen Measurement
Dissolved oxygen is collected using a YSI multi-parameter sonde and handheld. Calibration for dissolved oxygen must be
completed daily. Calibration readings are recorded in the instrument log book and/or on the Daily DO Calibration Log.
Calibrate your instrument according to manufacturer’s instructions.

Appendix M — 7: Field Sampling QA Procedures
The Field Duplicate
A field duplicate is a second grab sample taken immediately after a first grab sample and is taken in the exact same
location as the first.
The field duplicate is a Quality Control (QC) sample that assesses the temporal variability of the matrix being sampled
and to some extent the sampler’s sampling precision and the laboratory analyst’s analytical precision.
For all environmental monitoring conducted in support of SRWD programs, approximately 10% of the grab samples
taken must be field duplicate samples. When planning your monitoring activities for the season it is helpful to add these
to the schedule to ensure that 10% of the grab samples taken for the entire season are field duplicates. It is not
necessary to take a field duplicate QC sample at each sampling site.
It is SRWD policy that field duplicates will be collected during each sampling event at identified sites. These sites are
SR30 and SR121. Field duplicates will be labeled as “SR30 Duplicate” and “SR121 Duplicate”. The time recorded on the
sample bottles should match the time recorded on the field datasheet in the duplicate sample time field, usually taken
about five minutes after the original sample.
The Sampler Blank/Equipment Blank
A sampler blank, also commonly referred to as a rinsate blank or equipment blank, is a sample of distilled or de—ionized
water that is used to rinse the sampling device and collected for analysis.
Before collecting the equipment blank clean the sampling device in the same manner that is used to clean it between
regular sampling events. The SRWD triple rinses with distilled water in between each sample that is collected and should
do the same before collecting the equipment blank. After the triple rinse is completed, staff should fill the sampler with
distilled water which is then used to fill the sample bottles as would be done with a regular sample. Do not use a paper
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or cloth wipe to dry the sampling device surface that comes in contact with the water sample since this may cause
sampler contamination. Also avoid touching the sampler surface that comes in contact with the sample water.
The equipment blank is a Quality Control (QC) sample that assesses the effectiveness of the sampling device cleaning
procedure. For all environmental monitoring conducted in support of MPCA programs, 10% of the samples taken by use
of a sampling device must be equipment blanks. When planning your monitoring activities for the season ensure that
10% of the samples taken with a sampling device for the entire season are equipment blanks. It is not necessary to take a
equipment blank QC sample at each sampling site. The monitoring plan should specify that every tenth sample taken
with a sampling device be a sampler blank QC sample regardless of the site where every tenth sampling event occurs.
Equipment blanks should be collected approximately one time per month at a site selected by the Water Resource
Manager.
The Trip Blank
The trip blank is generally taken only when collecting samples for volatile organic compounds (VOCs) analysis. The trip
blank is a sample bottle containing laboratory reagent water that is obtained from the analyzing laboratory and is
carried unopened in the cooler during the entire sampling trip. The trip blank also contains the same preservative(s), if
any, as the regular VOC sample.
The trip blank is a Quality Control (QC) sample and must be carried along on each VOC sampling trip. Some VOCs can
actually penetrate the wall of the unopened trip blank bottle and contaminate the reagent water within. The trip blank
is analyzed to determine if this has occurred and to identify the contaminating VOC(s) and to determine its/their
concentration(s).
This is not a form of QA sampling that the SRWD currently conducts, but could be added as protocol in the future if
deemed necessary.
The Split Sample
A split sample is a sample that is obtained by subdividing an environmental sample into two or more sub—samples.
When taking a split sample ensure that the original sample is thoroughly mixed so that the sub—samples are as alike as
possible. By submitting the split samples together to the same laboratory, split samples may be used to assess a
laboratory analyst’s analytical precision (inter—lab variability). By submitting the split samples to different laboratories
for analysis, split samples may be used to assess two or more laboratories’ analytical precision (intra—lab variability).
Although the split sample is a QC sample, it is not a requirement for environmental monitoring conducted in support of
SRWD programs. This is to say that the split sample, when taken, is done so at the discretion of the sampler.
This is not a form of QA sampling that the SRWD currently conducts, but could be added as protocol in the future if
deemed necessary.
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Appendix M — 8: Hand—Collected (Grab) Sampling
Standard Methods for Collection
Water is collected at the sampling point using one of the following methods depending upon physical accessibility:
o
o

Sample bottle dip while wading
Dip Pole (sample bottle clamped to a telescoping pole)

Follow bottle rinse and preservation methods as directed by the analyzing laboratory. The Minnesota Department of
Health recommends that its bottles not be rinsed before sample collection. MDH sample bottles are pre—cleaned and
disposable. Also, each lot is sampled for cleanliness as part of MDH’s QA/QC Program. Repeat—use sampling equipment
chambers that contact sample water should be rinsed thoroughly with sample water three times before water is
collected to transfer to sample containers.
When grab sampling is suitable, samples should be collected along the sample site cross—section. Sample at a point that
best represents the water quality of the total flow at the cross section. Avoid sampling points that are poorly mixed or
affected by local temporary conditions such as ponding across part of the stream width, obviously disproportionate
sediment load, or backwater conditions. If a site is poorly mixed across the stream, integrated sample across the stream
width should be used, or another site should be chosen that is well mixed across the stream width.
Collect the sample at a middle depth in the water column without disturbing stream bed sediments or collecting floating
materials from the surface. When grab sampling, the bottle should be lowered mouth down to the middle depth below
the water surface then turned upward to collect the sample. Always stand downstream of the sampling point to avoid
contaminating the sample.
SAFETY FIRST!
If wading, as a general rule, if stream depth (in feet) multiplied by its velocity (feet/second) is greater than your height
(in feet), then DO NOT WADE!
(Stream Depth) [ft.] x Stream Velocity [ft./sec.] > your height [ft.] = Do Not Wade!

Safety When Sampling From a Bridge
If you are in traffic wear a traffic safety vest. If visibility is low (such as the JD2Mouth monitoring site), use collapsible
traffic signs to direct traffic around work area. Orange traffic cones should be used at all sampling and flow locations to
direct traffic safely around the vehicle and sampling site.

Appendix M — 9: Lake Water Sampling Procedures
Recording Field Data
A field data sheet will be filled out at each location. Sampling personnel will label the sheet with site identification
information, the time sampling began and other needed background information. They will also enter observations such
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as ambient weather conditions and specific data such as readings from field water—quality instrumentation to complete
the blanks on the data sheet.
Secchi Disk Measurement
A Secchi disk will be lowered on the “shady” side of the boat to a depth at which the Secchi disk is still just barely visible.
The observer will repeatedly lower the Secchi disk to a depth just too deep to see and then raise the disk to a depth
where it can just barely be seen until the observer is confident of the correct depth. The observer will record the
maximum depth below the lake surface that the Secchi disk can positively be seen. The measurement will be recorded
to the nearest tenth of a meter.
Water Sampling
The SRWD’s standard suite of parameters analyzed for lake samples is as follows:
Water Chemistry
 Chlorophyll-a (amber glass bottle, no preservative)
 Total Phosphorus (plastic sample bottle, H2SO4 preservative)
 Ortho-Phosphorus (plastic sample bottle, no preservative)
 Total Kjeldahl Nitrogen (plastic sample bottle, H2SO4 preservative)
YSI Sonde Reading
 Dissolved Oxygen
 Temperature
 Conductivity
 pH
Other Components
 Secchi Disk Readings
 Eight (8) Sample Events per Season (one in May, two in June, July, August, one in September)
 If the lake is being monitored for assessment purposes, it should be monitored according to the above
components for two years. If the lake is not being monitored for assessment purposes it only needs to be
monitored for one year.
 Parameter selection and other components may be adjusted as deemed necessary by the Water Resource
Manager based on the needs of the water body being monitored and/or the organization requesting/funding
the monitoring.
Labeling of Sample Containers
Before collecting samples, sample containers will be labeled with a permanent marker. All sample containers will be
labeled with site name, organization name, date, time, preservative used, and sampler initials. If samples are being
collected from a waterbody listed as infested with AIS, the bottle cap and label should be labeled as “AIS”. This informs
the lab that the samples are from AIS waters and need to be properly disposed of.

Collection of Water Samples
Nutrients, General Chemistry, Chlorophyll—a, and Algae
If the lake depth at the sampling point is less than 2.5 m, samples will be collected from a depth equal to the distance
from the sampling personnel’s elbow to their hand using the appropriate sterile sample bottle. If the lake depth at the
sampling point is greater than 2.5 m, a two—meter integrated sample will be collected from 0 — 2 m. The integrated
sample will then be transferred to a clean, decontaminated pitcher.
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Portions of the sample will then be transferred immediately into plastic sample bottle (which will receive preservative
back at the office) and an amber glass sample bottle. At the office after sample collection, approximately 5 mL of 10%
sulfuric acid preservative solution will be added to the nutrients bottle. A second two—meter integrated sample will be
collected from 0 — 2 m depth if needed for duplicate samples.

Deep Sample for Nutrients Using Kemmerer Sampler
If the lake depth at the sampling point is greater than approximately ten meters, additional samples may be collected at
various depths. A bottom sample is collected when a thermocline and oxycline appear to be present based on the sonde
readings. If only a thermocline or only an oxycline occurs, it should be mentioned in the field notes and followup
investigation should occur if it becomes a regular occurrence.

Appendix M — 10: The Secchi Disk
The Secchi disk originated with Fr. Pietro Angelo Secchi, an astrophysicist, who was requested to measure transparency
in the Mediterranean Sea by Commander Cialdi, head of the Papal Navy. Secchi was the scientific advisor to the Pope.
Secchi used some white disks to measure the clarity of water in the Mediterranean Sea in l865. Various sizes of disks
have been used since that time, but the most frequently used disk is an 8—inch diameter metal disk painted in alternate
black and white quadrants.
The Secchi disk is used to measure how deep a person can see into the water. It is lowered into the lake by unwinding
the waterproof tape to which it is attached and until the observer loses sight of it. The disk is then raised until it
reappears. The depth of the water where the disk vanishes and reappears is the Secchi disk reading. The depth level
reading on the tape at the surface level of the lake is recorded to the nearest inch.
Even though the Secchi disk measurement of water clarity is an approximate evaluation of the transparency of water, it
is used primarily for its simplicity. A more accurate measurement of underwater irradiance can be made by the use of
photometer, but that degree of accuracy is usually unnecessary.
Taking Secchi Disk Readings
The greatest value of the Secchi disk measurements occurs when each lake compares its own readings from week to
week, month to month, and season to season. No comparisons between lakes should be made unless similarities in
measurements are followed vigorously. Several factors are involved, such as the eyesight of the viewer, the time of day
the readings are taken, the reflectance of the disk, the color of the water, and clay particles or other materials
suspended in the water.
Some of the reports for any one season may show an increased water transparency depth after the first week of spring.
This may be due to:
o
o
o
o

Reduced nutrient input from the watershed.
Increased grazing of algae by zooplankton.
Reduced soil erosion into the lake.
Seasonal algae succession.
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If the Secchi disk transparency depths are getting shallower during the summer season, it may be due to one or more of
the following:
o
o
o
o
o
o

Increased abundance of free floating algae.
Erosion of the shoreline or erosion from site development near the lake.
Recirculation of bottom sediment from motorboat activity.
Discoloration of the water from wetland runoff and/or plant decomposition.
Increased turbidity.
Reduced zooplankton populations.

Most lakes will experience increased boat activity on weekends and holidays. Taking Secchi disk readings on Mondays
and the day following a holiday and comparing these readings with other readings at other times may reveal the effect
of boating activity on transparency depths. Significant storm events within the watershed with the resultant storm
water runoff could cause lower Secchi disk readings. Comparing Secchi disk readings immediately after a storm with
readings between storms may suggest that runoff is increasing turbidity and, therefore, shallower transparency
readings.
Secchi Data Contributes to Lake Management
Virtually all Secchi disk measurements on inland lakes will be 1 — 40 ft. Lakes classification according to the Secchi disk
measurement is:
o
o
o

Eutrophic: < 6.5 ft.
Mesotrophic: 6.5 — 16 ft.
Oligotrophic: > 16 ft.

Secchi disk measurements generally decrease from spring to fall primarily due to the increase of plankton
(phytoplankton and zooplankton). Since zooplankton graze on phytoplankton, e.g., algae, the Secchi disk readings may
increase during the summer by the reduction of algae in the water. Algae blooms may occur when the amount of
available nutrients increases faster than the macrophytes (plants rooted in the bottom of a lake) can absorb them. As we
learn more about the physical, biological and chemical processes within lakes, we will know better how to manage these
lakes. Consistent measurement programs are vital to securing viable data.
Secchi Disk Data
Water clarity should be measured with the Secchi disk eight times per season from May — September (one time in May
and September, twice in June, July, and August). For maximum Secchi disk measurement accuracy, the following
procedure should be followed:
The same person should take all readings since visual acuity varies from person to person. The time and date of the
reading should be as consistent as possible from site visit to site visit. Avoid taking the measurement when the lake is
choppy or rough. It should be taken at the deepest part of the lake. This may be determined by viewing a bathymetric
map or using a depth gage.
After anchoring the boat at the predetermined site, take the reading on the shady side of the boat.
The reading should be taken at the same location each time. To ensure sampling at the same location, save the location
on the GPS and record the site name from the GPS in the field notes. Anchor your boat and take the reading.
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Some lake associations may want to take Secchi measurements at various parts of the lake for clarity comparisons. A
Secchi disk measures water clarity. Water clarity is affected by three factors which are algae, sediment, and color.
Algae may be free—floating or rooted on the lake bottom. Chara is algae that is rooted on the lake bottom and often
forms a dense bed that rarely reaches the surface. It may compete favorably with other plants for nutrients thereby
limiting the growth of less desirable aquatic plants.
Free floating algae may be thread—like or ball—like and may consist of a single cell or many cells clumped together and
visible to the naked eye. Most are very small and only visible under a microscope. Algae are commonly divided into the
following groups:
o
o
o
o
o

blue—green
green
golden
brown
red

Algae are very important to a lake ecosystem and are at the bottom of the so—called food chain. Algae contain the
green pigment chlorophyll and like grasses, garden flowers, and trees can use solar energy to make food from carbon
dioxide and water. Small microscopic animals eat algae and in turn are eaten by larger animals which are eaten by still
larger animals until they reach the stomachs of fish. Some fish, such as minnows, feed directly upon the algae, thus
directly or indirectly the algae serve as a food source for fishes and eventually us.
Secchi disk readings may show a significant decrease during the summer season due to the presence of a distinct green,
brown, or red color that is likely due to the proliferation of free—floating algae. Only when the populations become
exceedingly high or are due to a preponderance of blue—green algae should the condition cause alarm. When this
happens the sources of nutrient input should be determined and remedial action taken.
Water color data should be recorded at the time the Secchi disk reading is taken. It will help to determine the kind of
algae which predominate in the lake at that time.
The most valuable information from Secchi disk data is the graph which shows the changes from reading to reading.
Averaging the Secchi disk data for a summer season has very little immediate value. The greatest value of averaging will
come when after a period of years the averages will show if the lake's water quality is remaining constant, improving or
degrading.

Appendix M — 11: Secchi Tube Field Sampling Protocol
Transparency
Collect your water sample using the Van Dorn, the same way you would collect a water chemistry sample.
Wading or From Stream Bank
Always sample safely — don’t wade into fast—moving water or areas of unknown depth. If you cannot sample safely,
make visual observations only (Appearance). If a sample from mid—stream and depth is not possible, avoid stagnant
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water and sample as far from the shoreline as is safe. Try not to stir up the bottom. Face upstream as you fill your
bucket. Avoid collecting sediment from the stream bottom or materials from the water surface.
From Atop a Bridge or Culvert
Use the Van Dorn to collect the water for the secchi tube reading in the same manner you would for a water chemistry
sample. Take your tube readings in open conditions. Avoid direct sunlight by turning your back to the sun if necessary.
Pour the water from the Van Dorn into the tube until the tube is full. Slowly lower the miniature secchi disk (attached to
the tube) into the tube. As you lower the disk into the tube, stop when the disk is no longer visible. Note this depth. Pull
the disk up until the depth is visible. Note this depth. If both of the depths are the same, you may skip the next step.
Record the average of the two depths noted in steps 3 and 4 on your data sheet to the nearest centimeter. If the symbol
is still visible when your tube is full, indicate this on the data sheet, e.g., > 60 cm.
Stream Stage
Estimate the water level each time you sample (L = low; N = normal; H = high); and stream stage trend (Rising, Falling,
Stable, Unknown).
Appearance
Each day that you sample, record the one number that best describes the appearance of stream water within one
meter of your sampling
site.
1 = Clear (crystal clear, transparent water)
2 = Milky (not quite crystal clear; cloudy white or gray)
3 = Foamy (natural or from pollution; generally detergents, nutrients or dissolved organic material) Several inches of
foam that does not brush apart easily is generally due to pollution of some sort.
4 = Tea—colored (clear but tea—colored due to wetland or bog influences)
5 = Muddy (cloudy brown due to high sediment levels)
6 = Green (may indicate excess nutrients released into the stream)
7 = Green or Muddy plus one or more of the following: 1) extensive floating scum on the stream surface or washed up
on shore, and/or 2) a strong, foul odor
Recreational Suitability
Use the one number each day that you sample that best describes your opinion of how suitable the stream water is for
recreation and enjoyment.
1 = Beautiful, could not be better
2 = Very minor aesthetic problems. Excellent for body—contact recreation, e.g., swimming, wading, frog—catching
3 = Body—contact recreation and aesthetic enjoyment slightly impaired
4 = Recreation potential and level of enjoyment of the stream substantially reduced, e.g., you would not swim but would
boat or canoe
5 = Swimming and aesthetic enjoyment of the stream is nearly impossible
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Appendix M — 12: pH Field Measurement
pH Meter Calibration
Calibrate and check the operation of a pH instrument system (YSI sonde and handheld) no more than five days prior to
collecting the measurement. Two pH buffers are needed to properly calibrate the pH instrument system (pH 7 buffer
and either the pH 4 or 10 buffer, depending on the anticipated sample pH). A third buffer can be used to check
instrument system performance over a larger range. The pH of the buffer solution is temperature dependent: pH 10
buffers change more per unit change in temperature than do pH 4 buffers. The temperature of buffer solutions must be
known, and temperature—correction factors must be applied before calibration adjustments are made. Calibration and
operating procedures differ with instrument systems —check the manufacturer's instructions. Record all calibration
information on the calibration form.

Check the records of electrode performance before each calibration and field trip. Electrode response is optimum
between approximately 98% and 99.5%. A slope of 94% or less indicates possible electrode deterioration. At 90% slope
or lower, the electrode cannot be used.
Calibrate or check the temperature sensor prior to each pH calibration and record the calibration information on the
calibration form.

pH Measurement
The pH of a water sample can change significantly within hours or even minutes after sample collection as a result of
degassing (such as loss of carbon dioxide, hydrogen sulfide, and ammonia); mineral precipitation (such as formation of
calcium carbonate); temperature change; and other chemical, physical, and biological reactions. The electrometric
method of pH measurement described below applies to filtered or unfiltered surface water and ground water, from
fresh to saline.
The pH of a water sample must be measured immediately in the field. Do not rely on laboratory—measured pH in lieu of
field—measured pH.
Field conditions, including rain, wind, cold, dust, and direct sunlight can cause measurement problems. To the extent
possible, shield the instrument and measurement process from the effects of harsh weather.
In dry, windy climates, a static charge can build up on the face of a pH meter and cause erratic readings on the display.
Polish the face of the display with a soft, absorbent tissue treated with several drops of antistatic solution (such as
plastic polish) to minimize this interference.
Technical Note: Temperature has two effects on pH measurement of a sample: it can affect electrode potential
(Nernstian slope effect), and it can change hydrogen—ion activity (chemical effect). The electrode—potential problem
can be solved by using an automatic or manual temperature compensator. The change in hydrogen—ion activity
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resulting from temperature changes in the sample can be minimized if the electrodes, buffers, and container are
allowed to equilibrate to the same temperature.
Surface Water
It is generally preferable to measure pH in situ rather than on a sample taken from a splitter or compositing device. If
stream conditions are such that water would pass the in situ pH sensor at a very high rate of flow, however, streaming—
potential effects could affect the accuracy of the measurement. For such conditions, it is preferable to withdraw a
discrete sample directly from the stream or compositing device and use the subsample measurement procedures
described below. When sampling from a boat, the pH instrument system should be set up on board the boat so that pH
is measured at the time of sample collection.
In Situ Measurement
Follow the calibration steps listed above in preparation of an in situ pH measurement. To collect an in situ pH
measurements, follow the steps listed below:

Flowing, shallow stream — Wade to the location(s) where pH is to be measured.
Stream too deep to wade — Lower the YSI sonde into the river.
Immerse the pH electrode and temperature sensor in the water to the correct depth and hold them there until the
reading stabilizes. This may take several minutes.
Record the pH and temperature values without removing the sensor from the water. Values generally stabilize quickly
within ±0.05 — 0.1 standard pH unit, depending on the instrument.
Once the reading has been recorded in the field notes, remove the sonde from the water.

Appendix M — 13: Quality Assurance, Quality Control and Quality Assessment
Quality assurance and quality control measures are those activities undertaken to demonstrate the accuracy (how close
to the true value you are) and precision (how reproducible your results are) of your monitoring. Quality Assurance (QA)
generally refers to a broad plan for maintaining quality in all aspects of a program. This plan should describe how you
will undertake your monitoring effort: proper documentation of all your procedures, training of volunteers, study
design, data management and analysis, and specific quality control measures. Quality Control (QC) consists of the steps
you will take to determine the validity of specific sampling and analytical procedures. Quality assessment is your
assessment of the overall precision and accuracy of your data, after you've run the analyses.
Quality Control and Assessment Measures: Internal Checks
Internal checks are performed by the project field staff and project laboratory.
o

Equipment Blanks: (also known as a trip blank) are samples of deionized or distilled water that is treated as a
sample. It is used to identify errors or contamination in sample collection and analysis. Used for VOC sampling.
Deionized or distilled water is poured into a sample bottle on—site and analyzed as a regular sample. If the
sample at the selected site it usually collected using the Van Dorn or another sampling method, the same
collection procedures should be followed for the field blank.
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o

o

o

o

o

o

Negative and Positive Plates (for bacteria). A negative plate results when the buffered rinse water (the water
used to rinse down the sides of the filter funnel during filtration) has been filtered the same way as a sample.
This is different from a field blank in that it contains reagents used in the rinse water. There should be no
bacteria growth on the filter after incubation. It is used to detect laboratory bacteria contamination of the
sample. Positive plates result when water known to contain bacteria (such as wastewater treatment plant
influent) is filtered the same way as a sample. There should be plenty of bacteria growth on the filter after
incubation. It is used to detect procedural errors or the presence of contaminants in the laboratory analysis that
might inhibit bacteria growth. The SRWD does not typically use this method.
Internal Field Duplicates. A field duplicate is a second river sample collected at the same place within minutes of
the first sample. It is used to determine sampling precision of staff, site representativeness and laboratory
precision within the project lab. The SRWD has selected sites within its monitoring plan where duplicate samples
should be collected during each sampling event.
Lab Replicates. A lab replicate is a sample that is split into subsamples at the project lab. Each subsample is then
analyzed and the results compared. They are used to test the precision of the laboratory measurements. For
bacteria, they are used to obtain an optimal number of bacteria colonies on filters for counting purposes. The
MDH certified lab will conduct lab replicates as necessary.
Spike Samples. A known concentration of the indicator being measured is added to the sample. This should
increase the concentration in the sample by a predictable amount. It is used to test the accuracy of the method
and to determine percent recovery. The MDH certified lab will conduct spike samples and send the results to the
SRWD for review.
Calibration Blank. A calibration blank is deionized water processed like any of the samples and used to "zero"
the instrument. It is the first "sample" analyzed and used to set the meter to zero. This is different from the field
blank in that it is "sampled" in the lab. It is used to check the measuring instrument periodically for "drift" (the
instrument should always read "0" when this blank is measured). It can also be compared to the field blank to
pinpoint where contamination might have occurred.
Calibration Standards. Calibration standards are used to calibrate a meter. They consist of one or more
"standard concentrations" (made up in the lab to specified concentrations) of the indicator being measured, one
of which is the calibration blank. Calibration standards can be used to calibrate the meter before running the
test, or they can be used to convert the units read on the meter to the reporting units (for example, absorbance
to milligrams per liter).

Quality Control and Assessment Measures: External Checks
External checks are performed by a non—project laboratory. The results are compared with those obtained by the
project lab.
o

o

o
o

External Field Duplicates. An external field duplicate is a duplicate river sample collected at the same place and
at the same time as regular river samples. It is used to determine sampling and laboratory analysis precision
between labs.
Split Samples. A split sample is a sample that is divided into two subsamples. One subsample is analyzed at the
project lab and the other is analyzed at an independent lab. The results are compared to determine precision
between labs.
Knowns. (Certified samples) Samples for selected parameters, labeled with the concentrations, are sent to the
project lab for analysis. These samples are analyzed and the results compared with the known concentrations.
Unknowns. (Certified samples) Samples for selected parameters are sent to the project lab for analysis. The
concentrations of these samples are unknown to the project lab. These samples are analyzed and the results
compared with the known concentrations.
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Appendix M — 15 : Temperature Field Measurement

•
•

General Considerations
Equipment Selection and Data Sources
Water temperature is usually measured in situ rather than from water collected with sampling devices; but, if the water
sample is at least 500—mL and the temperature is measured immediately, loss of heat will be minimal. Pocket and
electronic thermometers are appropriate for measuring temperature in water samples and water surface temperatures.
The SRWD will measure temperature in situ using a YSI multi-parameter sonde and handheld and will use a digital
traceable thermometer for calibrating the YSI multi-parameter sonde. The thermometer will be sent to the
manufacturer for calibration prior to the expiration of its previous calibration.

Site Selection
Several characteristics of a stream must be identified and measured so that the sampling locations best meet the study
objectives. The greatest temperature variability is most likely to occur during low flows because of localized heating or
during snowmelt where tributary water enters the mainstream. Stream zones that receive spring water or water that
has flowed through slow—velocity areas will exhibit different temperature gradients. In addition, temperatures of a
regulated stream may not have the same seasonal trends that a free—flowing stream follows.
In selecting a stream sampling site, consider the shapes of the stream surface and bottom, the inflow and outflow
patterns, the prevailing winds, the accuracy requirements for the data, and the specific study objectives. Wind—
protected streams with large littoral areas and embayments usually have large horizontal and vertical temperature
variations.
Additional information regarding site selection criteria can be found in the Site Selection Criteria form.
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Appendix M – 14: Safety When Sampling from a Bridge
If possible park your vehicle on the up—traffic side of the bridge from which you will be sampling. This way your vehicle
will be seen by approaching drivers who are traveling in the lane next to you and will be alerted to your presence well
before they reach the bridge.
After parking, use orange road cones to direct traffic around the area you will be sampling. If site has low visibility, also
use the collapsible signs to redirect traffic around the monitoring location. Turn on the hazard lights of the vehicle,
and/or use the vehicle safety light which can be placed on the top of the truck.
Wear a traffic safety vest for greater visibility. You may also wish to dress in bright clothing to enhance your visibility. If
available, set a blinking warning light next to you while you are collecting the sample.
If you are on a Warner truss or similar bridge and it is a sunny day, use the collapsible traffic signs in addition to a
warning light, if available. Place the light in one of the bridge shadows. The shadows cast by the truss work on the bridge
deck may cause optical confusion for approaching drivers and may hide your presence.

14.2 Instruments
Appendix I — 1: The Campbell Scientific, Inc. CR10 Datalogger and CR850 Datalogger
The CR10 and CR850 data—loggers are very flexible sensor systems. They perform the functions of a micro—computer,
clock, multimeter, calibrator, scanner, timer, frequency counter, and controller. Air Quality staff used the CR10 to record
stream depth, control automatic water samplers, record office CO2, and outdoor ozone levels. They have also been used
to record wastewater treatment plant effluent flows while collecting flow—proportioned effluent samples.
The CR10’s stored data is transferred directly into portable storage module, then transferred to the SRWD’s datapool.
The CR850’s data is transferred directly to the field laptop, then transferred to the SRWD’s datapool.
The CR10 data—logger has a liquid crystal display. If the display is exposed to direct sunlight for fifteen to thirty minutes,
the display will look as if the liquid crystals have burst. After five to ten minutes in the shade, the display should return
to normal. Continued exposure to direct sunlight may cause permanent damage to the liquid crystals.
Very cold weather also affects the liquid crystal display; it will freeze. When this happens, the display will remain blank.
However freezing temperatures as low as 0°F should not cause permanent damage.

Appendix I — 2: The Druck 830 Pressure Transducer
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Three Druck 830 2.5 psi (5.775 feet of water head) pressure transducers were purchased for use with the Nonpoint
Source Section's remote control storm event sampling system. These pressure transducers are for use with the
Campbell Scientific CR10 data—logger.
The Druck 830 pressure transducer is an integrated circuit strain gauge with electrical "bridge" wiring, fused into a silicon
crystal diaphragm. The manufacturer can vary the diaphragm's thickness and active diameter to accommodate the
purchaser’s desired pressure recording range and application. The sensor can handle pressures up to ten times its' rated
pressure without damage.
The sensor function is based on the principle that a wire’s electrical resistance increases in proportion to the tensile
(stretching) force applied to it. When a wire is stretched its diameter decreases thus the smaller its diameter the greater
its electrical resistance. As the pressure on the diaphragm increases it bends and the electrical bridge is placed in
tension. The resulting increase in circuit resistance is a function of the increase in pressure. Since electrical resistance is
influenced by temperature, this type of pressure transducer should be calibrated at the same temperature at which it
will operate in the field.
New pressure transducers must be "initialized" and if they have not been operated for a month or more they must be
reinitialized. If this is not done, the sensor's depth readings will drift by 0.1 — 0.2 ft. of water head and possibly more. To
initialize the pressure transducer, connect it to the CR10. Program the data—logger to take eight readings per second
(one reading every one—eighth second). Execute this program for one to two weeks. If the sensor has not been used for
one or two months, reinitialize the transducer at eight readings per second for 1 — 2 days. If it has not been used for
more than two months, it should be reinitialized for 1 — 2 weeks.
One to two weeks initialization consumes a significant amount of power. Rather than drain the data—logger's batteries
use an external 12 v. dc power source to initialize or reinitialize.
This type of pressure transducer is vented to the atmosphere. The vent is the small—diameter, semi—rigid plastic tube
that runs the length of the sensor cable. If this vent line is blocked, the data—logger will display wildly inaccurate
pressure readings. The vent line must be kept clear with no water or frost allowed to condense inside the tube. Use the
intermediate piece of tubing in the CR10 ice chest to connect the vent line to the desiccant bottle. The desiccant consists
of anhydrous CaSO4 crystals (trade name: Drierite). Friction between crystals reduces them to a fine powder. The
intermediate tube keeps the powder out of the vent line.
To calibrate these pressure transducers, you must derive two values, the multiplier and the linear offset from true zero.
The following figure illustrates this relationship.

Response in mV
per volts
applied
Offset from zero
Pressure
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The slope of the response line is the multiplier.
Fill a calibration chamber with water at the estimated temperature of the water body to be tested. The MPCA
laboratory has a fixed clear plastic standpipe that serves as a pressure transducer calibration chamber. There is also a
smaller portable version in the field operations center. If necessary a tall (minimum 3’ high) bucket can be used of the
standpipe.
Submerge the pressure transducer. Dislodge the air bubbles from the diaphragm face by shaking the transducer. The
probe should be at least one foot below the surface of the water. Calibrate the pressure transducer over the expected
depth range of the water body to be tested. For most work, a range of one to three feet is typical. For this example a
range of one to three feet is used.
Begin taking readings after the pressure transducer and water have reached thermal equilibrium, about five minutes.
Enter a trial multiplier of 1.0 and an offset of 0.0 into the data—logger. With the pressure transducer one foot below the
surface, record the response reading every five seconds for at least one minute. Lower the pressure transducer to three
feet below the water surface. Allow five minutes to insure that equilibrium state is achieved. Record the response
reading every five seconds for at least one minute. Compute the multiplier as demonstrated in the example below:
To compute the offset, enter the computed multiplier into the data—logger. Remove the pressure transducer from the
water. Remove all water droplets from the diaphragm face. Wrap the pressure transducer and cable around the
calibration stand pipe. This keeps the pressure transducer at the same temperature as the water. Wait five minute to
achieve thermal equilibrium. Record the data—logger reading every five seconds for at least one minute. The mean
value is the offset value with reversed sign. If the mean value is + 0.37533, the offset value is — 0.37533 mV/v.
Place the pressure transducer back into the calibration chamber and test the calibration's accuracy. The offset value may
have to be readjusted using trial and error. This calibration technique takes about an hour. When transporting the
pressure transducer especially a calibrated one, protect the probe from vibration by wrapping it in foam.
In a field setup keep the pressure transducer under at least one foot of water. A properly calibrated pressure transducer
will give accurate readings for months. In 1992 one of these pressure transducers was operated for six months. When it
was retested, the depth readings were only off by only 0.03’.

Time (sec.)
5
10
15
20
25
30
35
40
45
50
55
60

Depth = 1’

Depth = 3’

0.26737 mV/v
1.1234 mV/v
0.26737
1.1227
0.26805
1.1227
0.26704
1.1240
0.26771
1.1234
0.26737
1.1234
0.26737
1.1230
0.26737
1.1237
0.26737
1.1240
0.26771
1.1227
0.26771
1.1234
0.26737
1.1240
————
————
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Mean:

0.26748 mV/v

1.1234 mV/v

(3’ — 1’) ÷ (1.1234 mV/v — 0.2675 mV/v) = 2.3367’ mV/v
If a pressure transducer is to be operated for several seasons, it will be subjected to a variety of water temperatures.
The operator may want to repeat this calibration process at several water temperatures.
For more details refer to both the CR10 operating manual and the pressure transducer operating manual.

Appendix I — 3 : The Grab Stick Sampler
The Grab Stick Sampler is an in—house fabricated device.
A published quality assurance reference that is relevant to this apparatus may be found here:
Handbook for Sampling and Sample Preservation of Water and Wastewater; United States Environmental Protection
Agency (1982), EPA—600/4—82—029, Cincinnati, Ohio; pages 6, 329—330.
MPCA Quality Control Requirements
o

o

The grab stick is simply a physical aid in taking a hand grab sample. Use a new bottle for each sample. Hold the
mouth of the bottle into the flow or create an apparent flow by moving the bottle mouth forward. Ensure that
the bottle cap is not contaminated while it is off of the bottle.
Do not use as a sample ladle except for personal safety reasons or if an alternative sampler is unavailable. If
used as a sample ladle ensure that this is documented.

Appendix I — 4: The Kemmerer Sampler
Manufacturer's Operation Manual
Photocopies are available in the operation manual file in the Water Resource Manager and/or Technician’s office.
Care must be taken when handling and cocking the plastic Kemmerer sampler because the center rod is fragile.
SRWD Quality Control Requirements
o
o
o

Use the standard SRWD cleaning procedure (triple rinse of distilled water).
Cleaning should be done before and after each use and between different water bodies or sample sites, if wide
parameter variations might be found.
Between sites, sampler should be stored in its case to prevent contamination.
o Sampler should be left open in case to dry out completely before closing. This is especially important at
the end of the day.
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Appendix I — 5 : Flow Tracker
The SRWD uses the Flow Tracker to collect discharge measurements at sites that are too shallow for the M9 (typically
used in areas less than 2 feet deep). The Flow Tracker is used while standing in the river and allowing the instrument to
take a reading at a selected interval across the river. A copy of the manufacturer’s operation manual can be found in the
Water Resource Manager and/or Technician’s office.

Appendix I — 6: The Van Dorn Sampler
Manufacturer's Operation Manual
There is no manufacturer operation manual for this sampler.

SRWD Quality Control Requirements
o Use the standard SRWD decontamination (triple rinse of distilled water) process when using this sampler.
o Cleaning should be done before and after each use and between different water bodies or sample sites, if wide
parameter variations might be found.
Sampler should be cleaned prior to use at each site to prevent contamination.
As of May 31st, 2016 (5/31/2016) the Sauk River Watershed District implemented the use of 4.2L Beta Van Dorn
samplers after noticing a disclaimer on the Wildlife Co. website that the Alpha Van Dorn samplers (previously used by
the SRWD) were not recommended for water chemistry sampling due to the ability of the materials used to affect
phosphorus and mercury numbers in samples.

Appendix I — 7: The YSI Model 650 Multi—Parameter Meter
The YSI Model 650 is a multi—sensor sonde that may be used to take both instantaneous discrete readings in rivers and
streams or left in place to collect and store data over an extended period of time. It is capable of measuring and storing
pH, temperature, conductivity, and dissolved oxygen data. Stored data may be downloaded and transferred to a
computer file. The manufacturer’s manual includes information on the operation, maintenance, and troubleshooting for
the instrument. The manual is too voluminous to easily include a summary here but is kept on file.
This instrument is used to collect dissolved oxygen and temperature information at all river monitoring sites. It is also
used to collect dissolved oxygen, conductivity, pH, and temperature at all lake monitoring sites. The readings collected at
lake sites will be taken once per meter throughout the water column.
The Water Resource Manager will train all interns and other staff to use this equipment as necessary. The Water
Resource Manager is responsible for attending training sessions for this equipment as deemed necessary.
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14.3 Checklists
Flow Gaging Equipment
o Flow Tracker and Wading Rod
o M9 River Surveyor
o Laptop
o Waders (one pair for sites known to have AIS, one pair for all other sites)
o 100’ Tape Measure
o Bridge Down Tape Measure
o Stakes/Fence Posts (for taglines)
o Ropes for Taglines
o Field Notebook
o Permanent Markers
o Camera
o CR10 Storage Module Kit
o 9-Pin Cable for Connecting to CR850
o Distilled Water (for rinsing waders and equipment between sites)
Lake Sampling Equipment
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Boat
Oars
Gasoline Tanks with Hoses
Anchor with Rope
Life Jackets of appropriate size for each staff member, intern, and volunteer
Integrated Sampler
Kemmerer Sampler
YSI Sonde and Handheld
GPS and Coordinates for Applicable Sites
Sampling Bottles
Cooler with Ice
Field Notebook
Permanent Markers
Secchi Disk
Pitcher and Lid

Stream Sampling Equipment
o Van Dorn Sampler
o Bridge Down Tape Measure
o YSI Sonde and Handheld
o Sampling Bottles
o Cooler(s) with Ice
o Field Notebook
o Permanent Markers
o Camera
o CR10 Storage Module Kit
o 9-Pin Cable for Connecting to CR850
o Laptop for Downloading CR850
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o
o
o
o

Desiccant Packs
Desiccant Indicators
Secchi Tube (as needed)
Distilled Water (for rinsing waders and equipment between sites)

Miscellaneous Equipment
o
o
o
o
o
o
o
o
o
o

First—aid kit
Flashlight
Elbow—length waterproof gloves
Traffic cones
Traffic safety vests
Maps and/or GPS
Writing paper
Rain gear (Poncho, Rain Suit Pants and Shirt, Umbrella)
Tool box
Mud Boots
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14.4 The Field Notebook
This section summarizes information, guidelines, and minimum requirements that apply generally to field
measurements for all studies of water quality and the collection of basic data. Other terms commonly used for field
measurements are field parameters and field analyses. Before proceeding with field work, check each field—
measurement section for recommended methods and equipment, detailed descriptions of measurement and quality—
control procedures, and guidelines for troubleshooting and data reporting.
Field Measurements — determinations of physical or chemical properties that are measured on—site as close as
possible in time and space to the media being sampled.
Records, Field Instruments, and Quality Assurance
Field—measurement data and other field information must be recorded, either on paper or electronically, while in the
field. Reported field measurements are defined as those data that are entered into EQuIS. The conventions used for
reporting field measurement data are described at the end of each field measurement section.
o
o
o

Record field—measurement data, methods and equipment selected, and calibration information on field forms
and in instrument log books.
Instrument log books for each field instrument are required to document calibrations and maintenance. This
should be completed prior to leaving the office.
Electronic records are maintained for each uniquely identified sampling location.

Field personnel must be familiar with the instructions provided by equipment manufacturers. This manual provides only
generic guidelines for equipment use and maintenance or focuses on a particular instrument or instruments that
currently are in common use. There is a large variety of available field instruments and field instruments are being
continuously updated or replaced using newer technology. Field personnel are encouraged to contact the equipment
manufacturer for answers to technical questions.
Data Quality Objective (DQO) — Representativeness:
Field measurements should represent, as closely as possible, the natural condition of the surface water system at the
time of sampling.
Field teams must determine if the instruments and method to be used will produce data of the type and quality required
to fulfill study needs. Experience and knowledge of field conditions often are indispensable for determining the most
accurate field—measurement value. To ensure the quality of the data collected:
o
o

o
o

Calibration is required for most instruments. Make field measurements only with calibrated instruments.
Each field instrument must have a permanent log book for recording calibrations and repairs. Review the log
book and verify that instrument has been calibrated within an acceptable amount of time before leaving for the
field.
Test each instrument (meters and sensors) before leaving for the field. Practice your measurement technique if
the instrument or measurement is new to you.
Have back—up instruments readily available and in good working condition if possible.

Data Quality Objective (DQO) — Precision

Determined by taking duplicate samples. The closer the two values the better the precision. Usually expressed as
Relative Percent Difference (RPD). Duplicate samples can measure:
o
o
o

Laboratory analytical proficiency
Sampling proficiency
Analyte variability occurring at the sampling point

Data Quality Objective (DQO) — Accuracy
The closer the sample value is to the true sample value, the better the accuracy. What is the true value of the sample?
Quality—assurance protocols are mandatory for every data—collection effort and include practicing good field procedures and implementing quality—control checks. Make field measurements in a manner that minimizes artifacts that
can bias the result. Check field—measurement variability (precision) and bias (accuracy plus variability).
o

Requirement: Use reference samples to document your ability to make an accurate field measurement. Field
teams also are encouraged to verify accuracy of their measurements at least quarterly against reference
samples.

For measurements such as alkalinity made on sub—samples, check precision in the field every tenth sample by
repeating the measurement three times using separate sample aliquots from the same sample volume.
o

o

o

Standard procedure: Before making field measurements, allow sensor to equilibrate to the temperature of the
water being monitored. Before recording field measurements, allow the measurement readings to stabilize. The
natural variability inherent in surface water or ground water at the time of sampling generally falls within these
stability criteria and reflects the accuracy that should be attainable with a calibrated instrument.
For surface water: Allow at least 60 seconds (or follow the manufacturer’s guidelines) for sensors to equilibrate
with sample water. Take instrument readings until the stabilization criteria are met. Record the median of the
final three or more readings as the value to be reported for that measurement point.
For sites at which variability exceeds the criteria: Allow the instrument a longer equilibration time and record
more measurements. To determine the value to be reported for that measurement point or well, either use the
median of the final five or more measurements recorded, or apply knowledge of the site and professional
judgment to select the most representative of the final readings.

Table 1. Stabilization Criteria for Recording Field Measurements
Standard Direct Field Measurement
Stabilization Criteria for Measurements†
Temperature:
± 0.2°C
Conductivity: when ≤ 100 μS/cm; when > 100 μS/cm
± 5 percent; ± 3 percent
pH: meter displays to 0.01
± 0.1 unit
Dissolved Oxygen: Amperometric method
± 0.3 mg/L
Turbidity: Turbidimetric method
± 10 %
†
plus or minus value shown ;±; °C, degrees Celsius; ≤, less than or equal to value shown; μS/cm, micro—siemens per
centimeter at 25°C; >, greater than value shown; unit, standard pH unit; mg/L, milligram per liter]

Surface Water
Field measurements must accurately represent the body of surface water or that part of the water body being studied.
Field teams need to select a method to locate the point(s) of measurement and the method(s) to be used to make the
field measurements.

Normally, the point(s) at which field measurements are made correspond to the location(s) at which samples are
collected. Standard procedures for locating points of sample collection for surface—water sampling are detailed in
Chapter A4 of the USGS National Field Manual.
Properties such as temperature, dissolved—oxygen concentration, and Eh (Oxidation Reduction Potential) must be
measured directly in the water body (in situ). Properties such as pH, conductivity, and turbidity are best measured in
situ, but also may be measured in a sub—sample of a composited sample. Because determinations of alkalinity or acid—
neutralizing capacity (alkalinity/ANC) cannot be made in situ, a discrete sample must be collected or sub—sampled from
a composite.
The method selected to locate the point(s) of measurement usually differs for still water and flowing water. If the water
system is well—mixed and its chemistry is relatively uniform, a single sample could be sufficient to represent the water
body. Often, however, multiple points of measurement are needed to determine a representative set of field—
measurement values.
Still Water
Still—water conditions are found in storage pools, lakes, and reservoirs. Field measurements usually are made in situ at
multiple locations and depths. Alternatively, pH, conductivity, and turbidity can be measured in a discrete sample or
sub—sample. Measurement of alkalinity/ ANC must be in a discrete sample. The location, number, and distribution of
measurement points are selected according to study objectives. In cases of still/stagnant water in rivers, no
measurements are taken.
Locating Point(s) of Measurement
Flowing Water
Flowing water conditions are found in perennial (water always present) and ephemeral (water intermittently present)
streams. The location and the number of field measurements depend on study objectives. Different study objectives
could dictate different methods for locating the measurement point(s). For example, field measurements designed to
correlate water chemistry with benthic invertebrates may require measurements on one or more grab samples that
represent populated sections of the stream channel. Generally, a single set of field measurement data is used to
represent an entire stream cross section at a sampling site and can be useful when calculating chemical loads.
To locate measurement points:
o
o
o
o
o
o
o

USGS EWI (Equal Width Increment) and EDI (Equal Depth Increment) methods are beyond the scope of our
surface water sampling programs.
Most sampling is single—point grab sampling.
Knowledge and experience must often be applied to sampling site selection in that a single sample will represent
the entire stream width.
The sampling site must be well—mixed.
Backwaters, pools, and eddies must be avoided.
For safety purposes, the sample may have to be taken within arm’s length or remote—sampling—pole length of
the bank.
As a rule, if stream flow feet per second • stream depth (in feet) > sampler’s height (in feet), Do Not Wade!

In Situ and Sub—Sample Measurement Procedures
In situ Measurement
In—situ measurement, made by immersing a field measurement sensor directly into the water may be used to
determine parameter variability at a single stream point. In situ measurement can be repeated at a variety of points if
stream discharge is highly variable and a single measurement point may not be as representative as the average of
multiple measurement point values.
Measurements made directly in the surface water body (in situ) are preferable to avoid changes that result from
removing a water sample from its source. In situ measurement is necessary to avoid changes in chemical properties of
anoxic (devoid of oxygen) water.
In situ measurement is mandatory for determination of:
o
o
o

Temperature
Dissolved Oxygen
Eh (Oxidation—Reduction Potential)

In situ measurement also can be used for pH, Conductivity, and Turbidity, but not for Alkalinity.
Sub—Sample Measurement
Depth— and width—integrated sampling methods can be used to collect and composite samples that can be sub—
sampled for some field measurements. Again, these sampling methods are generally beyond the scope of our ambient
surface water quality sampling programs. However, the same field measurements can be performed on discrete samples
collected with a thief, a bailer, or a grab sampler. Sub—samples or discrete samples that have been withdrawn from a
sample—compositing device or point sampler can yield good data for conductivity, pH, turbidity, and alkalinity as long as
correct procedures are followed and the water is not anoxic (devoid of oxygen).
Sub—samples are necessary for Alkalinity determinations
o
o

Before using a sample—compositing/splitting device, pre—clean and field—rinse the device in accordance with
approved procedures.
When compositing and splitting a sample, follow manufacturer’s instructions for the device being used.

Again, do not measure temperature, dissolved oxygen, or Eh on sub—samples.

14.5 Safety Information
Appendix S — 1: Safety in Field Activities
Safety: the condition of averting or not causing injury, danger, or loss.
Hazards
o
o
o
o
o
o
o

Extreme environmental conditions
Machinery
Equipment
Chemicals
Pathogens
Animals
Plants

Job Hazard Analysis
Components
o
o
o

The sequence of steps associated with an activity
Identification of hazards involved in each step
Determination of controls needed to eliminate or reduce the hazard

Personal Protective Equipment
Safety equipment for your
o
o
o
o
o
o
o

Skin
Eyes
Ears
Face
Head
Extremities
Respiration

Training
o
o
o

Defensive Driving
Cardiopulmonary Resuscitation (CPR)
First—Aid

Field Trip Preparations
o
o
o
o
o

Mobile phone, Cell phone
Safety checklist
Site—specific safety file folder: 1) safety checklist, 2) site description, 3) site location, 4) emergency facility
location and phone (field note and SOP binders)
Make an itinerary
Tell colleagues when you plan to return

Road Vehicles
o
o
o
o
o
o
o

Valid driver’s license
Inspect vehicle before use
Secure all cargo
Wear your seat belt
Observe traffic regulations and drive safely
Proper vehicle safety equipment
Vehicle—specific safety checklist

Trailers
o
o
o
o
o
o
o
o
o
o
o
o

Requires additional driving proficiency
Use additional planning and caution
Inspect trailer before use to ensure all lights are working and trailer will function properly
Must be compatible with vehicle and have a matching hitch ball and coupling
Must have standard safety equipment: 1) safety chains, 2) lights, 3) load—securing devices
Air turbulence from passing vehicles can cause sway and loss of control
Drive more slowly
Disengage the vehicles automatic ‘overdrive gear’, if applicable
Maintain extra following and stopping distances
Ensure that loads are balanced
Do not exceed the vehicle’s maximum load capacity
Never permit anyone to ride in or on the trailer

Potential Dangers
o
o
o
o
o
o
o
o

Wet roads
Icy roads
Snow—covered roads
Strong winds
Glare from sun
Poor visibility conditions from fog, snow, or rain
Sitting in a closed vehicle with the motor running for more than a few minutes: (CO)
Watercraft

Have a Checklist for the Proper Equipment
o
o
o
o
o
o

Carry foul—weather gear
Carry backup equipment
Ensure that all cargo is secured
Obtain a weather report in advance
Watch the skies for changing weather conditions
Head back to the SRWD office in the event of a storm

Surface Water Activities
Wading
Examine the section of river or stream you plan to wade.
o
o
o
o

Maximum depths in relation to stage
Slippery bottoms
Drop—offs or holes
Stream velocity

Do not attempt to wade a stream for which values of depth multiplied by velocity equal or exceed 10 ft. ²/second. For
example, a stream only 2 feet deep but with a velocity of 5 ft./sec or more can be dangerous to wade.
Sampling While Wading
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Wear a personal flotation device: 1) standard jacket type, 2) suspender type
Ensure that it fits properly
Must be rated for your weight
Must be in good condition
Keep dry and indoors between trips
Wear hip boots or chest waders as they provide protection from cold, pollutants, underwater objects
Be aware of the possibility of slipping and going underwater while wearing waders
Boots with a strap at the top are better than boots that are open
Strap should be pulled closed to trap air for flotation in case you become submerged
Avoid hip boots with tight ankles which are difficult to remove in an emergency
Avoid chest waders that are tight at the top which are difficult to remove in an emergency
A personal flotation device may be worn with waders
Watch for debris floating downstream such as logs or vegetation
Watch for sand channels underfoot that may shift and become quicksand
Watch the stream stage especially when it could rise rapidly
When wading below a dam or control structure, contact the gate operator before entering the stream

Sampling From a Bridge
o
o
o

If the bridge is located in a high traffic area: Develop a diagram and procedure for deployment of safety cones,
signs, lane blockage, and traffic control
Wear a traffic safety vest.
If visibility is low, set a blinking warning light on top of truck while you are collecting the sample.

Sampling From a Boat
o
o
o
o
o
o
o
o
o
o

Obtain the appropriate training for operating the boat you plan to use
Observe the maximum weight and person capacity
Distribute the weight of the equipment
Ensure you have a pair of oars
Stock with standard emergency equipment such as a flashlight, batteries, air horn, whistle
Wear a personal flotation device
When trailering or de—trailering stand clear in case the cable snaps
Be careful of pinch points
Ensure trailer lights are functioning
Unplug trailer lights upon arrival at lake, before backing trailer into water

o
o
o
o

Be sure to connect trailer lights before proceeding to next lake
Remove or secure equipment in boat before travel
Do not wear hip boots or waders in a boat
If you fall out of the boat, don’t panic

Chemicals
o
o
o
o
o
o
o
o
o
o
o
o
o

Obtain the relevant Material Safety Data Sheets (MSDSs)
Do not use mercury thermometers in the field
Wear adequate personal protective equipment: 1) clothing, 2) gloves, 3) glasses, 4) lab coat, 5) respirator, if
necessary
Ensure that the gloves will protect you from the chemicals you are working with
Ensure that the respirator has the appropriate canisters to protect you from the vapors and gases you may be
exposed to
Don’t place chemical containers where they can be knocked over
Clean up spills quickly and appropriately
Keep chemical spill kits readily available
Work with adequate ventilation
Keep eye wash kits readily available
Handle and mix chemicals appropriately: 1) when handling flammable liquids, metal containers must be
grounded, 2) add acid to water, not water to acid
Dispose of wastes appropriately
Don’t allow chemical wastes to accumulate in your vehicle, they may be corrosive or cause vapors

Contaminated Water
o
o
o
o
o
o
o
o
o
o
o
o

Water being sampled may contain dangerous chemicals or pathogens
Waterborne pathogens are found in nearly all surface water systems
Most pathogens originate from body fluids and feces of animals and humans
Pathogens enter surface water primarily through: 1)sewage discharges, 2) spills, 3) storm runoff, 4) agricultural
runoff, 5) direct contact
Pathogens are also transported on small particles such as dust and aerosols
Never drink sample water no matter how pristine it appears to be
Obtain the appropriate immunizations
Use personal protective equipment including respirators when working around polluted waters
Pathogens can enter the body through: 1) mouth, 2) eyes, 3) nose, 4) cuts, 5) scrapes, 6) chapped skin
Never eat or drink while sampling or put pencils or other items in your mouth
Do not store food in sample containers
Carry antibacterial soap and wash following sampling and sample handling

Environmental Conditions
Temperature and Sun Exposure
o
o
o
o
o

Comfort zone: 60 — 90 degrees F.
Hypothermia and hyperthermia usually occur outside this temperature range
Hyperthermia is a condition of reduced body temperature caused by exposure to cold, and aggravated by wet
clothes, wind, hunger, and exhaustion.
Hypothermia can occur in the ‘comfort zone’ under wet or windy conditions
The best way to avoid hypothermia is to stay warm and dry

o
o
o
o
o
o
o
o
o
o
o
o
o
o

Put on rain gear before it begins to rain or snow
Put on additional clothing before you begin to shiver
If weather conditions become severe, seek shelter immediately
Always carry a complete change of dry clothes
Hyperthermia is a condition of increased body temperature caused by exposure to excessive heat
Contributing factors: 1) physical exertion, 2) clothing, 3) humidity, 4) lack of air movement, 5) temperature, 6)
dehydration
Normal fluid requirements: 2 ½ quarts per day
Early warning symptoms of hyperthermia are: chills, throbbing in the head, unsteadiness, dizziness, nausea, dry
skin, rapid pulse, muscle pains and spasms
Drink moderate amounts of water frequently; don’t wait until you feel thirsty
Avoid alcohol, caffeine, soda — they are not substitutes for water
Wear lightweight clothing and a wide—brimmed hat
Schedule strenuous activities for early morning or late afternoon, if possible
Wear sun screen
Wear sun glasses with polarized lenses

Storms
o
o
o

Before going out into the field, obtain a weather forecast
Watch the sky for changing weather conditions
Seek shelter before the weather becomes severe

Lightning
o
o
o
o
o
o
o
o
o
o
o
o

Lightning can be extremely dangerous
Seek shelter inside a vehicle or building
Do not use a conventional wired telephone during a lightning storm
If outside with others, do not congregate
Put on rubber boots or rubber—soled shoes
Stay away from electrical lines, pipes, cableways, and steel structures
Do not use metal objects such as wading rods
If caught in the open, crouch down low, but do not lie flat on the ground
Seek low elevation such as a valley or canyon; avoid peaks or ridges
Avoid standing near isolated trees
Avoid working on or near streams or lakes
If you feel your hair standing on end and your skin tingling, this is a sign that lightning may be about to strike.
Crouch immediately with your feet together with hands on knees

Tornadoes
o
o
o
o

Seek shelter immediately if there is a sudden change in weather involving wind, rain, hail, or funnel—shaped
clouds
Avoid occupying vehicles or mobile homes
If caught outside, seek a ravine, ditch, or culvert and lie flat
If inside, go to the basement or lowest interior reinforced part of the structure such as a closet or a bathroom.
Stay away from windows

Floods
o
o
o

Some rivers and streams may be subject to flash flooding following a heavy rain
You may be in danger even if the rain falls several miles away, if it’s upstream
Weather forecasts are helpful in planning your field sampling activities

o
o
o
o
o

Fire can spread out of control rapidly
Call 911 if you discover a brush fire or other type of threatening fire
Do not smoke
Keep matches in a sealed metal container
Keep a fire extinguisher visible and accessible

Fire

Snow and Ice
o
o
o
o
o
o

Snow and ice can accumulate quickly and can hide hazards
They can create slippery conditions
Heavy snowfall can produce white—out conditions and be disorienting
Heavy snowfall can produce avalanche conditions in steep terrain
When working in snow or on ice wear appropriate clothing in layers
Work in teams

Animals
o

Most animals will aggressively protect their young and should not be approached or disturbed.

Rodents and Other Small Animals
o
o
o

Can be disease carriers — the most common are rabies and hantavirus
Primary hosts for hantavirus are mice, rats, and chipmunks
Primary hosts for rabies are skunks, raccoons, foxes, coyotes, bats, cats, and dogs

Snakes
o
o
o
o
o
o
o

Only about 10% of the approximately 3,000 species worldwide are poisonous
If you or someone else is bitten by a nonpoisonous snake you should still get medical attention in that some
people are allergic to the protein in the snake’s saliva
To avoid snakebite do not put your hands or feet where you cannot see
Never handle a snake unnecessarily, dead or alive, poisonous or nonpoisonous
If you happen upon a snake, leave the area. A snake can normally strike ½ — 2/3 of its body length, but if
provoked can strike up to its full body length
Common symptoms of a poisonous snake bite are: 1) a burning, fiery, stinging pain at the bite site, 2) swelling, 3)
skin discoloration, 4) nausea, 5) vomiting, 6) a minty, metallic, rubbery taste in the mouth, 7) sweating, 8) chills
Rattlesnakes have been found in every state except Alaska, Delaware, Hawaii, and Maine

Arachnids and Insects
o
o

The most common remedy for bites and stings is basic first aid
Persons allergic to bites and sting should wear a medical alert identification and carry an emergency kit to
counteract anaphylactic shock.

o
o
o
o
o
o
o
o

Beware of putting your hands and feet into small, dark spaces
Check shoes and boots left in the field vehicle before putting them on
Few spiders in North America are poisonous. Exceptions: the black widow and brown recluse
Ticks are found virtually everywhere and can transmit Rocky Mountain spotted fever and Lyme disease
Wear long pants and tuck your pants inside your socks.
Use an insect repellent containing DEET (n, n—diethyl meta—toluamide)
Bee and wasp stings are venomous
The yellow jacket nests in the ground and will swarm if disturbed

Plants
o
o
o
o
o

The most common poisonous plants are poison ivy and poison sumac
Resins and other secretions from these plant can cause mild to severe rashes on susceptible persons
The smoke from fires containing these can also cause a rash
The best defense is proper clothing; long pants and shirts with long sleeves. Wear shoes that protect the whole
foot
The oily resin is only slightly soluble in water, therefore flush the affected area with copious amounts of cold
water. Warm water hastens resin absorption by the skin. Soapy water washes away the natural oils of the skin
which provide a protective barrier against the oily resin.

Protective Clothing
This is a hazardous environment and requires complete body protection as detailed in the agency safety manual. This
includes:
o
o
o
o

Eye protection
Solvent proof gloves
Rubber boots
Waterproof apron

Accident Reporting
o

All accidents must be reported. Follow the Safety Plan procedures.

No Smoking
o

The solvents used could produce a flammable or explosive environment. In addition, smoking is prohibited in
the building by State and Agency policies.

Sample Storage
o

When samples are brought to the office they are either placed in the refrigerator or immediately packaged for
the courier to pick up and deliver to the lab. Samples that are placed in the refrigerator are to be packaged for
the next available courier pick-up, same day pick-up should be used if at all possible.

Equipment Preparation
All equipment parts that come in contact with the sample should be thoroughly rinsed using a triple rinse procedure of
distilled water.

Lab Accidents and Sample Contamination
o
o
o

If a sample is contaminated due to a lab accident or otherwise, salvage an uncontaminated portion, if possible.
Label the sample as being contaminated and describe on the processing form the procedure used to salvage the
uncontaminated portion of the sample. Describe events leading to the lab accident.
Notify your supervisor about the accident as soon as practicable so that proper handling and analysis of the
uncontaminated sample portion is completed.

14.6 Glossaries
Appendix G —1: Glossary of Water Quality Terms
accuracy — a measure of how close repeated trials are to the desired target.
acidity — a measure of the number of free hydrogen ions (H+) in a solution that can chemically react with other
substances.
alkalinity — a measure of the negative ions that are available to react and neutralize free hydrogen ions. Some of most
common of these include hydroxide (OH), sulfate (SO4), phosphate (PO4), bicarbonate (HCO3) and carbonate (CO3)
ambient — pertaining to the current environmental condition.
assemblage — the set of related organisms that represent a portion of a biological community (e.g., benthic macro—
invertebrates).
benthic — pertaining to the bottom (bed) of a water body.
biochemical oxygen demand (BOD) — the amount of oxygen consumed by microorganisms as they decompose organic
materials in water.
biological criteria — numerical values or narrative descriptions that depict the biological integrity of aquatic
communities in that state. May be listed in state water quality standards.
buret — a graduated glass tube used for measuring and releasing small and precise amounts of liquid.
channel — the section of the stream that contains the main flow.
channelization — the straightening of a stream; this often is a result of human activity.
chemical constituents — chemical components that are part of a whole.
cobble — medium—sized rocks (210 inches) that are found in a stream bed.
combined sewer overflow (CSO) — sewer systems in which sanitary waste and storm—water are combined in heavy
rains; this is especially common in older cities. The discharge from CSOs is typically untreated.
community — the whole of the plant and animal population inhabiting a given area.
culvert — man—made construction that diverts the natural flow of water.
d—frame net — a fine mesh net that is attached to a pole and used for sampling. It resembles a butterfly net.
deionized water — water that has had all of the ions (atoms or molecules) other than hydrogen and oxygen removed.
designated uses — state—established desirable uses that waters should support, such as fishing, swimming, and aquatic
life. Listed in state water quality standards.
dissolved oxygen (DO) — oxygen dissolved in water and available for living organisms to use for respiration.
distilled water — water that has had most of its impurities removed.
effluent — wastewater discharge.
dredge — to remove sediments from the stream bed to deepen or widen the channel.
eco—region — geographic areas that are distinguished from others by ecological characteristics such as climate, soils,
geology, and

embeddedness — the degree to which rocks in the streambed are surrounded by sediment.
emergent plants — plants rooted underwater, but with their tops extending above the water.
Erlenmeyer flask — a flask having a wide bottom and a smaller neck and mouth that is used to mix liquids.
eutrophication — the natural and artificial addition of nutrients to a water—body, which may lead to depleted oxygen
concentrations. Eutrophication is a natural process that is frequently accelerated and intensified by human activities.
floating plants — plants that grow free floating, rather than being attached to the stream bed.
flocculent (floc) — a mass of particles that form into a clump as a result of a chemical reaction.
glide/run — section of a stream with a relatively high velocity and with little or no turbulence on the surface of the
water.
graduated cylinder — a cylinder used to measure liquids that is marked in units.
gross morphological features — large obvious identifying physical characteristics of an organism.
headwaters — the origins of a stream.
hypoxia — depletion of dissolved oxygen in an aquatic system.
impairment — degradation.
impoundment — a body of water contained by a barrier, such as a dam.
inert — not chemically or physically active.
kick net — a fine mesh net used to collect organisms. Kick nets vary in size, but generally are about three feet long and
are attached to two wooden poles at each end.
land uses — activities that take place on the land, such as construction, farming, or tree clearing.
macro—invertebrate — organisms that lack a backbone and can be seen with the naked eye.
NPDES— National Pollutant Discharge Elimination System, a national program in which pollution dischargers such as
factories and sewage treatment plants are given permits to discharge. These permits contain limits on the pollutants
they are allowed to discharge.
orthophosphate — inorganic phosphorus dissolved in water.
outfall — the pipe through which industrial facilities and wastewater treatment plants discharge their effluent
(wastewater) into a water—body.
permeable — porous.
pH — a numerical measure of the hydrogen ion concentration used to indicate the alkalinity or acidity of a substance.
Measured on a scale of 1.0 (acidic) to 14.0 (basic); 7.0 is neutral.
phosphorus — a nutrient that is essential for plants and animals.
photosynthesis — the chemical reaction in plants that utilizes light energy from the sun to convert water and carbon
dioxide into simple sugars. This reaction is facilitated by chlorophyll.
pipet — an eyedropper—like instrument that can measure very small amounts of a liquid.
pool — deeper portion of a stream where water flows slower than in neighboring, shallower portions.
precision — a measure of how close repeated trials are to each other.
protocol — defined procedure.
reagent — a substance or chemical used to indicate the presence of a chemical or to induce a chemical reaction to
determine the chemical characteristics of a solution.
riffle — shallow area in a stream where water flows swiftly over gravel and rock.
riparian — of or pertaining to the banks of a body of water.
riparian zone — the vegetative area on each bank of a body of water.
riprap — rocks used on an embankment to protect against bank erosion.
run/glide — see glide/run.
saturated — inundated; filled to the point of capacity or beyond.
sheen — the glimmering effect that oil has on water as light is reflected more sharply off the surface.
sieve bucket — a bucket with a screen bottom that is used to wash macro—invertebrate samples and to remove excess
silt and mud.
silviculture — forestry and the commercial farming of trees.
submergent plants — plants that live and grow fully submerged under the water.
substrate — refers to a surface. This includes the material comprising the stream bed or the surfaces to which plants or
animals may attach or live upon.

taxon (plural taxa) — a level of classification within a scientific system that categorizes living organisms based on their
physical characteristics.
taxonomic key — a quick reference guide used to identify organisms. They are available in varying degrees of complexity
and detail.
titration — the addition of small, precise quantities of a reagent to a sample until the sample reaches a certain endpoint.
Reaching the endpoint is usually indicated by a color change.
tolerance — the ability to withstand a particular condition, e.g., pollution—tolerant indicates the ability to live in
polluted waters.
tributaries — a body of water that drains into another, typically larger, body of water.
turbidity — murkiness or cloudiness of water, indicating the presence of some suspended sediments, dissolved solids,
natural or manmade chemicals, algae, etc.
volumetric flask — a flask that holds a predetermined amount of liquid.
water quality criteria — maximum concentrations of pollutants that are acceptable, if those waters are to meet water
quality standards. Listed in state water quality standards.
water quality standards — written goals for state waters, established by each state and approved by EPA.
watershed — the area of land drained by a particular river or stream system.

Appendix G — 2: Glossary of Quality Terms
Acceptance criteria — Specified limits placed on characteristics of an item, process, or service defined in requirements
documents.
Accuracy — A measure of the closeness of an individual measurement or the average of a number of measurements to
the true value. Accuracy includes a combination of random error (precision) and systematic error (bias) components that
are due to sampling and analytical operations. (EPA recommends using the terms precision and bias, rather than
accuracy to convey the information usually associated with accuracy).
Action Level — The numerical value that causes a decision maker to choose one of the alternative actions (e.g.,
compliance or noncompliance). It may be a regulatory threshold standard such as a maximum contaminant level for
drinking water, a risk—based concentration level, a technology limitation, or a reference—based standard. Note that the
action level defined here is specified during the planning phase of a data collection activity; it is not calculated from the
sampling data.
Activity — An all—inclusive term describing a specific set of operations of related tasks to be performed, either serially
or in parallel (e.g., research and development, field sampling, analytical operations, equipment fabrication), that, in
total, result in a product or service.
Alternative Condition — A tentative assumption to be proven either true or false. When hypothesis testing is applied to
site assessment decisions, the data are used to choose between a presumed baseline condition of the environment and
an alternative condition. The alternative condition is accepted only when there is overwhelming proof that the baseline
condition is false. This is often called the alternative hypothesis in statistical tests.
Assessment — The evaluation process used to measure the performance or effectiveness of a system and its elements.
As used here, assessment is an all—inclusive term used to denote any of the following: audit, performance evaluation
(PE), management systems review (MSR), peer review, inspection, or surveillance.
Audit (Quality) — A systematic and independent examination to determine whether quality activities and related results
comply with planned arrangements and whether these arrangements are implemented effectively and are suitable to
achieve objectives.

Audit of Data Quality (ADQ) — A qualitative and quantitative evaluation of the documentation and procedures
associated with environmental measurements to verify that the resulting data are of acceptable quality.
Authenticate — The act of establishing an item as genuine, valid, or authoritative.
Baseline Condition — A tentative assumption to be proven either true or false. When hypothesis testing is applied to
site assessment decision, the data are used to choose between a presumed baseline condition of the environment and
an alternative condition. The baseline condition is retained until overwhelming evidence indicates that the baseline
condition is false. This is often called the null hypothesis in statistical tests.
Bias — The systematic or persistent distortion of a measurement process which causes errors in one direction (i.e., the
expected sample measurement is different from the sample's true value).
Blank — A sample subjected to the usual analytical or measurement process to establish a zero baseline or background
value. Sometimes used to adjust or correct routine analytical results. A sample that is intended to contain none of the
analytes of interest. A blank is used to detect contamination during sample handling preparation and/or analysis.
Boundaries — The spatial and temporal conditions and practical constraints under which environmental data are
collected. Boundaries specify the area of volume (spatial boundary) and the time period (temporal boundary) to which a
decision will apply.
Calibration — A comparison of a measurement standard, instrument, or item with a standard or instrument of higher
accuracy to detect and quantify inaccuracies and to report or eliminate those inaccuracies by adjustments.
Calibration Drift — The deviation in instrument response from a reference value over a period of time before
recalibration.
Certification — The process of testing and evaluation against specifications designed to document, verify, and recognize
the competence of a person, organization, or other entity to perform a function or service, usually for a specified time.
Chain of Custody — An unbroken trail of accountability that ensures the physical security of samples, data, and records.
Characteristic — Any property or attribute of a datum, item, process, or service that is distinct, describable, and/or
measurable.
Check Standard — A standard prepared independently of the calibration standards and analyzed exactly like the
samples. Check standard results are used to estimate analytical precision and to indicate the presence of bias due to the
calibration of the analytical system.
Collocated samples — Two or more portions collected at the same point in time and space so as to be considered
identical. These samples are also known as field replicates and should be identified as such.
Comparability — A measure of the confidence with which one data set or method can be compared to another.
Completeness — A measure of the amount of valid data obtained from a measurement system compared to the
amount that was expected to be obtained under correct, normal conditions.
Confidence Interval — The numerical interval constructed around a point estimate of a population parameter,
combined with a probability statement (the confidence coefficient) linking it to the population's true parameter value. If
the same confidence interval construction technique and assumptions are used to calculate future intervals, they will
include the unknown population parameter with the same specified probability.

Confidentiality Procedure — A procedure used to protect confidential business information (including proprietary data
and personnel records) from unauthorized access.
Configuration — The functional, physical, and procedural characteristics of an item, experiment, or document.
Conformance — An affirmative indication or judgment that a product or service has met the requirements of the
relevant specification, contract, or regulation; also, the state of meeting the requirements.
Consensus Standard — A standard established by a group representing a cross section of a particular industry or trade,
or a part thereof.
Contractor — Any organization or individual contracting to furnish services or items or to perform work.
Corrective Action — Any measures taken to rectify conditions adverse to quality and, where possible, to preclude their
recurrence.
Data Quality Assessment (DQA) — The scientific and statistical evaluation of data to determine if data obtained from
environmental operations are of the right type, quality, and quantity to support their intended use. The five steps of the
DQA Process include: 1) reviewing the DQOs and sampling design, 2) conducting a preliminary data review, 3) selecting
the statistical test, 4) verifying the assumptions of the statistical test, and 5) drawing conclusions from the data.
Data Quality Indicators (DQIs) — The quantitative statistics and qualitative descriptors that are used to interpret the
degree of acceptability or utility of data to the user. The principal data quality indicators are bias, precision, accuracy
(bias is preferred), comparability, completeness, representativeness.
Data Quality Objectives (DQOs) — The qualitative and quantitative statements derived from the DQO Process that
clarify study’s technical and quality objectives, define the appropriate type of data, and specify tolerable levels of
potential decision errors that will be used as the basis for establishing the quality and quantity of data needed to
support decisions.
Data Quality Objectives (DQO) Process — A systematic strategic planning tool based on the scientific method that
identifies and defines the type, quality, and quantity of data needed to satisfy a specified use. DQOs are the qualitative
and quantitative outputs from the DQO Process.
Data Reduction — The process of transforming the number of data items by arithmetic or statistical calculations,
standard curves, and concentration factors, and collating them into a more useful form. Data reduction is irreversible
and generally results in a reduced data set and an associated loss of detail.
Data Usability — The process of ensuring or determining whether the quality of the data produced meets the intended
use of the data.
Data Validation — An analyte— and sample—specific process that extends the evaluation of data beyond method,
procedural, or contractual compliance (i.e., data verification) to determine the analytical quality of a specific data set.
Data Validation Qualifier — A code applied to the data by a data validator to indicate a verifiable or potential data
deficiency or bias.
Data Validator — An individual (typically an independent third party) responsible for conducting data validation
activities.
Data Verification — The process of evaluating the completeness, correctness, and conformance/compliance of a specific
data set against the method, procedural, or contractual requirements.

Data Verifier — An individual (typically an employee of the field or laboratory organization whose operations are being
verified) responsible for conducting data verification activities.
Decision Error — The error that occurs when the data mislead the site manager into choosing the wrong response
action, in the sense that a different response action word have been chosen if the site manager had access to unlimited
"perfect data" or absolute truth. In statistical test, decision errors are labeled as false rejection or false acceptance
depending on the concerns of the decision maker and the baseline condition chosen.
Decision Performance Curve — A graphical representation of the quality of a decision process. In statistical terms it is
known as a power curve (or a reverse power curve depending on the hypotheses being tested).
Decision Performance Goal Diagram (DPGD) — A graphical representation of the tolerable risks of decision errors. It is
used in conjunction with the decision performance curve.
Defensible — The ability to withstand any reasonable challenge related to the veracity or integrity of project and
laboratory documents and derived data.
Deficiency — An unauthorized deviation from acceptable procedures or practices, or a defect in an item.
Demonstrated Capability — The capability to meet a procurement’s technical and quality specifications through
evidence presented by the supplier to substantiate its claims and in a manner defined by the customer.
Design — The specifications, drawings, design criteria, and performance requirements. Also, the result of deliberate
planning, analysis, mathematical manipulations, and design processes.
Design Change — Any revision or alteration of the technical requirements defined by approved and issued design output
documents and approved and issued changes thereto.
Design Review — A documented evaluation by a team, including personnel such as the responsible designers, the client
for whom the work or product is being designed, and a quality assurance (QA) representative but excluding the original
designers, to determine if a proposed design will meet the established design criteria and perform as expected when
implemented.
Detection Limit (DL) — A measure of the capability of an analytical method to distinguish samples that do not contain a
specific analyte from samples that contain low concentrations of the analyte; the lowest concentration or amount of the
target analyte that can be determined to be different from zero by a single measurement at a stated level of probability.
DLs are analyte— and matrix—specific and may be laboratory—dependent.
Distribution — 1) The appointment of an environmental contaminant at a point over time, over an area, or within a
volume; 2) a probability function (density function, mass function, or distribution function) used to describe a set of
observations (statistical sample) or a population from which the observations are generated.
Document — Any compilation of information which describes, defines, specifies, reports, certifies, requires, or provides
data or results pertaining to environmental programs.
Document Control — The policies and procedures used by an organization to ensure that its documents and their
revisions are proposed, reviewed, approved for release, inventoried, distributed, archived, stored, and retrieved in
accordance with the organization’s requirements.
Drylabbing — a laboratory may report analytical results without having actually performed the analyses. Results may be
either invented from scratch, or previous legitimate results may be borrowed for inclusion in the present data package.

Duplicate samples — Two samples taken from and representative of the same population and carried through all steps
of the sampling and analytical procedures in an identical manner. Duplicate samples are used to assess variance of the
total method, including sampling and analysis.
Environmental Conditions — The description of a physical medium (e.g., air, water, soil, sediment) or a biological
system expressed in terms of its physical, chemical, radiological, or biological characteristics.
Environmental Data — Any parameters or pieces of information collected or produced from measurements, analyses, or
models of environmental processes, conditions, and effects of pollutants on human health and the ecology, including
results from laboratory analyses or from experimental systems representing such processes and conditions.
Environmental Data Operations — Any work performed to obtain, use, or report information pertaining to
environmental processes and conditions.
Environmental Monitoring — The process of measuring or collecting environmental data.
Environmental Processes — Any manufactured or natural processes that produce discharges to, or that impact, the
ambient environment.
Environmental Programs — An all—inclusive term pertaining to any work or activities involving the environment,
including but not limited to: characterization of environmental processes and conditions; environmental monitoring;
environmental research and development; the design, construction, and operation of environmental technologies; and
laboratory operations on environmental samples.
Environmental Technology — An all—inclusive term used to describe pollution control devices and systems, waste
treatment processes and storage facilities, and site remediation technologies and their components that may be utilized
to remove pollutants or contaminants from, or to prevent them from entering, the environment. Examples include wet
scrubbers (air), soil washing (soil), granulated activated carbon unit (water), and filtration (air, water). Usually, this term
applies to hardware—based systems; however, it can also apply to methods or techniques used for pollution prevention,
pollutant reduction, or containment of contamination to prevent further movement of the contaminants, such as
capping, solidification or vitrification, and biological treatment.
Estimate — A characteristic from the sample from which inferences on parameters can be made.
Evidentiary Records — Any records identified as part of litigation and subject to restricted access, custody, use, and
disposal.
Expedited Change — An abbreviated method of revising a document at the work location where the document is used
when the normal change process would cause unnecessary or intolerable delay in the work.
Extramural Agreement — A legal agreement between an organization and a provider outside the organization for items
or services to be provided. Such agreements include contracts, work assignments, delivery orders, task orders,
cooperative agreements, research grants, state and local grants, and interagency agreements.
False Acceptance Decision Error — The error that occurs when a decision maker accepts the baseline condition when it
is actually false. Statisticians usually refer to the limit on the possibility of a false acceptance decision error as beta (β)
and it is related to the power of the statistical test used in decision making. An alternative name is false negative
decision error.
False Negative Decision Error — See False Acceptance Decision Error.

False Positive Decision Error — See False Rejection Decision Error.
False Rejection Decision Error — The error that occurs when a decision maker rejects the baseline condition (null
hypothesis) when it actually is true. Statisticians usually refer to the limit on the possibility of a false rejection decision
error as alpha (α), the level of significance or the size of the critical region and it is expressed numerically as a
probability. An alternative name is false positive decision error.
Field Blank — A blank used to provide information about contaminants that may be introduced during sample
collection, storage, and transport. A clean sample, carried to the sampling site, exposed to sampling conditions, returned
to the laboratory, and treated as an environmental sample.
Field (Matrix) Spike — A sample prepared at the sampling point (i.e., in the field) by adding a known mass of the target
analyte to a specified amount of the sample. Field matrix spikes are used, for example, to determine the effect of the
sample preservation, shipment, storage, and preparation on analyte recovery efficiency (the analytical bias).
Field Split Samples — Two or more representative portions taken from the same sample and submitted for analysis to
different laboratories to estimate inter—laboratory precision.
Financial Assistance — The process by which funds are provided by one organization (usually governmental) to another
organization for the purpose of performing work or furnishing services or items. Financial assistance mechanisms
include grants, cooperative agreements, and governmental interagency agreements.
Finding — An assessment conclusion that identifies a condition having a significant effect on an item or activity. An
assessment finding may be positive or negative, and is normally accompanied by specific examples of the observed
condition.
Field Variability — See Sampling Design Error.
Focused Data Validation — A detailed investigation of particular data records identified by the data user that need
interpretation or review.
Goodness—Of—Fit test — The application of the chi square distribution in comparing the frequency distribution of a
statistic observed in a sample with the expected frequency distribution based on some theoretical model.
Grade — The category or rank given to entities having the same functional use but different requirements for quality.
Graded Approach — The process of basing the level of application of managerial controls applied to an item or work
according to the intended use of the results and the degree of confidence needed in the quality of the results.
Guidance — A suggested practice that is not mandatory, intended as an aid or example in complying with a standard or
requirement.
Guideline — A suggested practice that is not mandatory in programs intended to comply with a standard.
Holding Time — The period of time a sample may be stored prior to its required analysis. While exceeding the holding
time does not necessarily negate the veracity of analytical results, it causes the qualifying or “flagging” of any data not
meeting all of the specified acceptance criteria.
Identification error — The misidentification of an analyte. In this error type, the contaminant of concern is unidentified
and the measured concentration is incorrectly assigned to another contaminant.

Independent Assessment — An assessment performed by a qualified individual, group, or organization that is not a part
of the organization directly performing and accountable for the work being assessed.
Inspection — The examination or measurement of an item or activity to verify conformance to specific requirements.
Internal Standard — A standard added to a test portion of a sample in a known amount and carried through the entire
determination procedure as a reference for calibrating and controlling the precision and bias of the applied analytical
method.
Juicing — Fortification of a sample with additional analyte such as re—spiking a spiked sample or adding peak area. See
also peak enhancement and peak juicing.
Laboratory Qualifier — Code applied to the data by the contract analytical laboratory to indicate a verifiable or potential
data deficiency or bias.
Laboratory Split Samples — Two or more representative portions taken from the same sample and analyzed by
different laboratories to estimate the inter—laboratory precision or variability and the data comparability.
Limit of Quantitation — The minimum concentration of an analyte or category of analytes in a specific matrix that can
be identified and quantified above the method detection limit and within specified limits of precision and bias during
routine analytical operating conditions.
Limits On Decision Errors — The acceptable decision error rates established by a decision maker. Economic, health,
ecological, political, and social consequences should be considered when setting limits on decision errors.
Management — Those individuals directly responsible and accountable for planning, implementing, and assessing work.
Management Assessment — The qualitative assessment of a particular program operation and/or organization(s) to
establish whether the prevailing quality management structure, policies, practices, and procedures are adequate for
ensuring that the type and quality of results needed are obtained. A management assessment may either be performed
by those immediately responsible for overseeing and/or performing the work (i.e., a management self—assessment) or
by someone other than the group performing the work (i.e., a management independent assessment).
Management System — A structured, nontechnical system describing the policies, objectives, principles, organizational
authority, responsibilities, accountability, and implementation plan of an organization for conducting work and
producing items and services.
Management Systems Review (MSR) — The qualitative assessment of a data collection operation and/or organization(s)
to establish whether the prevailing quality management structure, policies, practices, and procedures are adequate for
ensuring that the type and quality of data needed are obtained.
Matrix Spike — A sample prepared by adding a known mass of a target analyte to a specified amount of matrix sample
for which an independent estimate of the target analyte concentration is available. Spiked samples are used, for
example, to determine the effect of the matrix on a method's recovery efficiency.
Mean (Arithmetic) — The sum of all the values of a set of measurements divided by the number of values in the set; a
measure of central tendency.
Mean Squared Error — A statistical term for variance added to the square of the bias.
Measurement And Testing Equipment (M&TE) — Tools, gauges, instruments, sampling devices, or systems used to
calibrate, measure, test, or inspect in order to control or acquire data to verify conformance to specified requirements.

Median — A measure of central tendency, it is also the 50th percentile. The sample median is the middle value for an
ordered set of n values; represented by the central value when n is odd or by the average of the two most central values
when n is even.
Medium — A substance (e.g., air, water, soil) that serves as a carrier of the analytes of interest.
Memory Effects Error — The effect that a relatively high concentration sample has on the measurement of a lower
concentration sample of the same analyte when the higher concentration sample precedes the lower concentration
sample in the same analytical instrument.
Measurement Error — The difference between the true or actual state and that which is reported from measurements.
Also known as measurement variability.
Measurement Quality Objectives — The acceptance criteria for the quality attributes measured by project data quality
indicators. During project planning, measurement quality objectives are established as quantitative measures of
performance against selected data quality indicators, such as precision, bias, representativeness, completeness,
comparability, and sensitivity.
Method — A body of procedures and techniques for performing an activity (e.g., sampling, chemical analysis,
quantification), systematically presented in the order in which they are to be executed.
Method Blank — A blank prepared to represent the sample matrix as closely as possible and analyzed exactly like the
calibration standards, samples, and quality control (QC) samples. Results of method blanks provide an estimate of the
within—batch variability of the blank response and an indication of bias introduced by the analytical procedure.
Mid—Range Check — A standard used to establish whether the middle of a measurement method’s calibrated range is
still within specifications.
Must — When used in a sentence, a term denoting a requirement that has to be met.
Natural Variability — The variability that is inherent or natural to the media, objects, or people
being studied.
Nonconformance — A deficiency in a characteristic, documentation, or procedure that renders the quality of an item or
activity unacceptable or indeterminate; nonfulfillment of a specified requirement.
Null Hypothesis — See Baseline Condition.
Observation — An assessment conclusion that identifies a condition (either positive or negative) which does not
represent a significant impact on an item or activity. An observation may identify a condition which does not yet cause a
degradation of quality.
Organization — A company, corporation, firm, enterprise, or institution, or part thereof, whether incorporated or not,
public or private, that has its own functions and administration. In the context of this Manual, an EPA organization is an
office, region, national center or laboratory.
Objective Evidence — Any documented statement of fact, other information, or record, either quantitative or
qualitative, pertaining to the quality of an item or activity, based on observations, measurements, or tests that can be
verified.

Observation — An assessment conclusion that identifies a condition (either positive or negative) that does not represent
a significant impact on an item or activity. An observation may identify a condition that has not yet caused a degradation
of quality.
Organization — A company, corporation, firm, enterprise, or institution, or part thereof, whether incorporated or not,
public or private, that has its own functions and administration.
Organization Structure — The responsibilities, authorities, and relationships, arranged in a pattern, through which an
organization performs its functions.
Outlier — An extreme observation that is shown to have a low probability of belonging to a specified data population.
Parameter — A quantity, usually unknown, such as a mean or a standard deviation characterizing a population.
Commonly misused for variable, characteristic, or property.
Peak Enhancement — Manually adjusting the raw data by increasing a peak area that is out of specification. See also
juicing and peak juicing.
Peak Juicing — Manually adjusting the raw data by increasing a peak area that is out of specification. See also Juicing
and Peak Enhancement.
Peak Shaving — Manually adjusting the raw data by reducing a peak area that is out of specification.
Peer Review — A documented critical review of work generally beyond the state of the art or characterized by the
existence of potential uncertainty. Conducted by qualified individuals (or an organization) that are independent of those
who performed the work but collectively equivalent in technical expertise (i.e., peers) to those who performed the
original work. Peer reviews are conducted to ensure that activities are technically adequate, competently performed,
properly documented, and satisfy established technical and quality requirements. An in—depth assessment of the
assumptions, calculations, extrapolations, alternate interpretations, methodology, acceptance criteria, and conclusions
pertaining to specific work and of the documentation that supports them. Peer reviews provide an evaluation of a
subject where quantitative methods of analysis or measures of success are unavailable or undefined, such as in research
and development.
Percentile — A value on a scale of 100 that indicates the percentage of a distribution that is equal to or below it. For
example, if 100 ppm is the 25th percentile of a sample, then 25 percent of the data are less than or equal to 10 ppm and
75 percent of the data are greater than 10 ppm.
Performance Evaluation (PE) — A type of audit in which the quantitative data generated in a measurement system are
obtained independently and compared with routinely obtained data to evaluate the proficiency of an analyst or
laboratory.
Planning Team — The group of people who perform the DQO Process. Members include the decision maker (senior
manager), site manager, representatives of other data users, senior program and technical staff, someone with
statistical expertise, and a quality assurance and quality control advisor (such as a QA Manager).
Pollution Prevention — An organized, comprehensive effort to systematically reduce or eliminate pollutants or
contaminants prior to their generation or their release or discharge into the environment.
Population — The total collection of objects or people to be studied and from which a sample is to be drawn.
Precision — A measure of mutual agreement among individual measurements of the same property, usually under
prescribed similar conditions expressed generally in terms of the standard deviation.

Procedure — A specified way to perform an activity.
Process — A set of interrelated resources and activities that transforms inputs into outputs. Examples of processes
include analysis, design, data collection, operation, fabrication, and calculation.
Project — An organized set of activities within a program.
Qualified Data — Any data that have been modified or adjusted as part of statistical or mathematical evaluation, data
validation, or data verification operations.
Qualified Services — An indication that suppliers providing services have been evaluated and determined to meet the
technical and quality requirements of the client as provided by approved procurement documents and demonstrated by
the supplier to the client’s satisfaction.
Quality — The totality of features and characteristics of a product or service that bears on its ability to meet the stated
or implied needs and expectations of the user.
Quality Assurance (QA) — An integrated system of management activities involving planning, implementation,
assessment, reporting, and quality improvement to ensure that a process, item, or service is of the type and quality
needed and expected by the client.
Quality Assurance Manager (QAM) — The individual designated as the principal manager within the organization having
management oversight and responsibilities for planning, documenting, coordinating, and assessing the effectiveness of
the quality system for the organization.
Quality Assurance Program Description/Plan — See Quality Management Plan.
Quality Assurance Project Plan (QAPP) — A formal document describing in comprehensive detail the necessary quality
assurance (QA), quality control (QC), and other technical activities that must be implemented to ensure that the results
of the work performed will satisfy the stated performance criteria. The QAPP components are divided into four classes:
1) Project Management, 2) Measurement/Data Acquisition, 3) Assessment/Oversight, and 4) Data Validation and
Usability.
Quality Control (QC) — The overall system of technical activities that measures the attributes and performance of a
process, item, or service against defined standards to verify that they meet the stated requirements established by the
customer; operational techniques and activities that are used to fulfill requirements for quality. The system of activities
and checks used to ensure that measurement systems are maintained within prescribed limits, providing protection
against “out of control” conditions and ensuring the results are of acceptable quality.
Quality Control (QC) Sample — An uncontaminated sample matrix spiked with known amounts of analytes from a
source independent of the calibration standards. Generally used to establish intra—laboratory or analyst—specific
precision and bias or to assess the performance of all or a portion of the measurement system.

Quality Improvement — A management program for improving the quality of operations. Such management programs
generally entail a formal mechanism for encouraging worker recommendations with timely management evaluation and
feedback or implementation.
Quality Management — That aspect of the overall management system of the organization that determines and
implements the quality policy. Quality management includes strategic planning, allocation of resources, and other
systematic activities (e.g., planning, implementation, and assessment) pertaining to the quality system.

Quality Management Plan (QMP) — A formal document that describes the quality system in terms of the organization’s
structure, the functional responsibilities of management and staff, the lines of authority, and the required interfaces for
those planning, implementing, and assessing all activities conducted.
Quality System — A structured and documented management system describing the policies, objectives, principles,
organizational authority, responsibilities, accountability, and implementation plan of an organization for ensuring quality
in its work processes, products (items), and services. The quality system provides the framework for planning,
implementing, and assessing work performed by the organization and for carrying out required quality assurance (QA)
and quality control (QC).
Range — The numerical difference between the minimum and maximum of a set of values.
Readiness Review — A systematic, documented review of the readiness for the start—up or continued use of a facility,
process, or activity. Readiness reviews are typically conducted before proceeding beyond project milestones and prior to
initiation of a major phase of work.
Record (Quality) — A document that furnishes objective evidence of the quality of items or activities and that has been
verified and authenticated as technically complete and correct. Records may include photographs, drawings, magnetic
tape, and other data recording media.
Recovery — The act of determining whether or not the methodology measures all of the analyte contained in a sample.
Repeatability — The degree of agreement between independent test results produced by the same analyst, using the
same test method and equipment on random aliquots of the same sample within a short time period.
Reporting limit — The lowest concentration or amount of the target analyte required to be reported from a data
collection project. Reporting limits are generally greater than detection limits and are usually not associated with a
probability level.
Representativeness — A measure of the degree to which data accurately and precisely represent a characteristic of a
population, a parameter variation at a sampling point, a process condition, or an environmental condition.
Reproducibility — The precision, usually expressed as variance, that measures the variability among the results of
measurements of the same sample at different laboratories.
Requirement — A formal statement of a need and the expected manner in which it is to be met.
Research (Applied) — A process, the objective of which is to gain the knowledge or understanding necessary for
determining the means by which a recognized and specific need may be met.
Research (Basic) — A process, the objective of which is to gain fuller knowledge or understanding of the fundamental
aspects of phenomena and of observable facts without specific applications toward processes or products in mind.
Research Development/Demonstration — The systematic use of the knowledge and understanding gained from
research and directed toward the production of useful materials, devices, systems, or methods, including prototypes
and processes.
Round—Robin Study — A method validation study involving a predetermined number of laboratories or analysts, all
analyzing the same sample(s) by the same method. In a round—robin study, all results are compared and used to
develop summary statistics such as inter—laboratory precision and method bias or recovery efficiency.
Ruggedness Study — The carefully ordered testing of an analytical method while making slight

variations in test conditions (as might be expected in routine use) to determine how such variations affect test results. If
a variation affects the results significantly, the method restrictions are tightened to minimize this variability.
Sample — (a) A single item or specimen from a larger whole or group, such as any single sample of any medium (e.g.,
air, water, soil); or (b) A group of samples from a statistical population whose properties are studies to gain information
about the whole. The definition is decided by context of usage.
Sampling — The process of obtaining a subset of measurements from a population.
Sampling Design — A design that specifies the final configuration of the environmental monitoring effort to satisfy the
DQOs. It includes what types of samples or monitoring information should be collected; where, when, and under what
conditions they should be collected; what variables are to be measured; and what quality assurance and quality control
components will ensure acceptable sampling error and measurement error to meet the decision error rates specified in
the DQOs. The sampling design is the principal part of the QA Project Plan.
Sampling Design Error — The error due to observing only a limited number of the total possible values that make up the
population being studied. Sampling errors are distinct from those due to imperfect selection; bias in response; and
mistakes in observation, measurement, or recording. Also known as field variability.
Stakeholder — A person or organization having an interest in the development of the project.
Scientific Method — The principles and processes regarded as necessary for scientific investigation, including rules for
concept or hypothesis formulation, conduct of experiments, and validation of hypotheses by analysis of observations.
Self—Assessment — Assessments of work conducted by individuals, groups, or organizations directly responsible for
overseeing and/or performing the work.
Sensitivity — The capability of a method or instrument to discriminate between measurement responses representing
different levels of a variable of interest.
Service — The result generated by activities at the interface between the supplier and the customer, and the supplier
internal activities to meet customer needs. Such activities in environmental programs include design, inspection,
laboratory and/or field analysis, repair, and installation.
Shall — A term denoting a requirement that is mandatory whenever the criterion for conformance with the specification
permits no deviation. This term does not prohibit the use of alternative approaches or methods for implementing the
specification so long as the requirement is fulfilled.
Significant Condition — Any state, status, incident, or situation of an environmental process or condition, or
environmental technology in which the work being performed will be adversely affected sufficiently to require
corrective action to satisfy quality objectives or specifications and safety requirements.
Software Life Cycle — The period of time that starts when a software product is conceived and ends when the software
product is no longer available for routine use. The software life cycle typically includes a requirement phase, a design
phase, an implementation phase, a test phase, an installation and check—out phase, an operation and maintenance
phase, and sometimes a retirement phase.
Span Check — A standard used to establish that a measurement method is not deviating from its calibrated range.
Specification — A document stating requirements and referring to or including drawings or other relevant documents.
Specifications should indicate the means and criteria for determining conformance.

Spike — A substance that is added to an environmental sample to increase the concentration of target analytes by
known amounts; used to assess measurement accuracy (spike recovery). Spike duplicates are used to assess
measurement precision.
Split Samples — Two or more representative portions taken from one sample in the field or in the laboratory and
analyzed by different analysts or laboratories. Split samples are quality control (QC) samples that are used to assess
analytical variability and comparability.
Standard Deviation — A measure of the dispersion or imprecision of a sample or population distribution expressed as
the positive square root of the variance and has the same unit of measurement as the mean.
Standard Operating Procedure (SOP) — A written document that details the method for an operation, analysis, or
action with thoroughly prescribed techniques and steps and that is officially approved as the method for performing
certain routine or repetitive tasks.
Supplier — Any individual or organization furnishing items or services or performing work according to a procurement
document or a financial assistance agreement. An all—inclusive term used in place of any of the following: vendor,
seller, contractor, subcontractor, fabricator, or consultant.
Surrogate Spike or Analyte — A pure substance with properties that mimic the analyte of interest. It is unlikely to be
found in environmental samples and is added to them to establish that the analytical method has been performed
properly.
Surveillance (Quality) — Continual or frequent monitoring and verification of the status of an entity and the analysis of
records to ensure that specified requirements are being fulfilled.
Statistic — A function of the sample measurements (e.g., the sample mean or sample variance).
Technical Assessment — The evaluation process used to measure the performance or effectiveness of a technical
system and its elements with respect to documented specifications and objectives. Such assessments may include
qualitative and quantitative evaluations. A technical assessment may either be performed by those immediately
responsible for overseeing and/or performing the work (i.e., a technical self—assessment) or by someone other than the
group performing the work (i.e., a technical independent assessment).
Technical Review — A documented critical review of work that has been performed within the state of the art. The
review is accomplished by one or more qualified reviewers who are independent of those who performed the work, but
are collectively equivalent in technical expertise to those who performed the original work. The review is an in—depth
analysis and evaluation of documents, activities, material, data, or items that require technical verification or validation
for applicability, correctness, adequacy, completeness, and assurance that established requirements are satisfied.
Technical Systems Audit (TSA) — A thorough, systematic, on—site, qualitative audit of facilities, equipment, personnel,
training, procedures, record keeping, data validation, data management, and reporting aspects of a system.
Time—Traveling — Falsification of the date of analysis in the laboratory’s data system in order to conceal such things as
exceeding a holding time.
Total Study Error — The sum of all the errors incurred during the process of sample design through data reporting. This
is usually conceived as a sum of individual variances at different stages of sample collection and analysis. Also known as
total variability.
Total Variability — See Total Study Error.

Traceability — The ability to trace the history, application, or location of an entity by means of recorded identifications.
In a calibration sense, traceability relates measuring equipment to national or international standards, primary
standards, basic physical constants or properties, or reference materials. In a data collection sense, it relates calculations
and data generated throughout the project back to the requirements for the quality of the project.
Trip blank — A clean sample of a matrix that is taken to the sampling site and transported to the laboratory for analysis
without having been exposed to sampling procedures.
Type I Error — The statistical term for false rejection decision error.
Type II Error — The statistical term for false acceptance decision error.
User — An organization, group, or individual that utilizes the results or products from environmental programs or a
customer for whom the results or products were collected or created.
Validation — Confirmation by examination and provision of objective evidence that the particular requirements for a
specific intended use are fulfilled. In design and development, validation concerns the process of examining a product or
result to determine conformance to user needs.
Variability — Refers to observed difference attributable to heterogeneity or diversity in a population. Sources of
variability are the results of natural random processes and stem from environmental differences among the elements of
the population. Variability is not usually reducible by further measurement but can be better estimated by increased
sampling.
Variance (Statistical) — A measure or dispersion of a sample or population distribution.
Verification — Confirmation by examination and provision of objective evidence that specified requirements have been
fulfilled. In design and development, verification concerns the process of examining a product or result of a given activity
to determine conformance to the stated requirements for that activity.
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