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FIELD GUIDELINES FOR COLLECTION, TREATMENT, AND ANALYSIS
OF WATER SAMPLES, MONTANA DISTRICT

By J. R. Knapton

ABSTRACT

This manual provides a set of standardized guidelines and quality-
control procedures for the collection and preservation of water samples
and defines procedures for making field analyses of unstable constituents
or properties. Seldom is water of such uniformity that a single grab
sample is representative of the whole. For this reason a variety of
sampler types and sampling methods has been developed.

Descriptions and procedures for field use are given for a number of
sampler types. Several methods of sampling are described for which these
samplers can be used. Sample-processing devices such as sample splitters
and filtration apparatus are discussed along with methods of cleaning.
Depending on the type of analysis to be performed in the laboratory,
samples may need to be preserved shortly after collection. Various types
of preservation are described in detail.

Analyses for unstable constituents or properties are of necessity
accomplished in the field. This manual addresses analytical techniques
and quality assurance for: (1) Water temperature, (2) specific conduct-
ance, (3) pH, (4) alkalinity, (5) dissolved oxygen, and (6) bacteria.

Examples of field report forms are given as attachments. Information
pertinent to certain field calculations is also presented.

INTRODUCTION

The purpose of this manual is to set forth guidelines and quality-control
procedures for the collection and preservation of water samples and to define
procedures for field analyses of unstable constituents or properties. The proce-
dures contained herein are approved for use in water-resources investigations and
conform to methods presented in U.S. Geological Survey reports in the series "Tech~-
niques of Water—-Resources Investigations'" (TWRI's) and unpublished technical memo-
randums.

The development of new and improved field techniques is a continuing process.
Therefore, this manual will be updated as necessary. The manual is similar to one
prepared by Kister and Garrett (1982) of the Arizona District, modified for condi-
tions in the Montana District. Many of the changes made were to accommodate cold
weather conditions.



SELECTION OF GROUND-WATER SAMPLE~COLLECTION SITE
The following discussion is taken from Rainwater and Thatcher (1960, p. 6-7):

Ground water 1is analogous to a surface-water reservoir in that most usable ground
water is in motion, although the rate of movement may be very slow and the areal
extent very wide. A well can be considered as a sampling point in a large body of
slowly moving water, which may differ in chemical composition vertically as well
as areally. Most of the forces that cause mixing in bodies of surface water are
absent or much weaker in ground-water reservoirs. Turbulence 1s almost nonexistent.
The major forcés that tend to mix ground water are probably the differeaces in
velocities as the water moves through material of heterogeneous permeability,
pressure differentials and, to a lesser extent, ionic diffusion. The degree of
movement induced by pumpage and natural discharge affects the quality. The
diversified nature and solubility of the rocks with which the water comes in contact.
and variations in rate and chemical composition of recharge from pracipitation
and from the surrounding area tend to make the water heterogeneous.

Sampling programs are planned to determine the mineral content of the water in
the aquifer, although a completely comprehensive answer is not always practical.
Efficient collection of water—quality data and intelligent selection of the ground-
water sampling site generally require more judicious consideration than the selec-
tion of a surface-water sampling site because the elements affecting water quality
are not as easily observed.

Because of the diversified purposes of ground-water investigations, it is
impractical to issue specific instructions for the selection of sampling sites.
Nevertheless, some general ideas can be given. If changes in ground-water quality
are not considered in the investigation, there are perhaps two equally satisfactory
approaches to the problem of adequate and economical coverage of ground-water
quality of an area; both approaches involve the use of comprehensive and partial
analyses. The first approach utilizes the determination of key constituents such
as conductivity, hardness, and chloride, in a large number of samples collected
over the entire area. By this means an areal water—quality pattern may develop
that would be a guide in selecting the sites for collection of samples for compre-
hensive analysis. In the second approach, the key constituents may be unknown at
the beginning of the investigation. Therefore, the reverse may be required, and
comprehensive analyses may be made on a large number of samples early in the study,
and augmented by partial and additional comprehensive analyses of samples from
other sites to complete the water-quality picture (Wood, 1976). Either method
requires the selection of sampling points from available sites unless the project
can support a special drilling program.

In selecting a sampling site to detect water—quality changes, control of the
variables that affect the change 1is important. The hydrologic regimen needs to
remain unchanged during an investigation. For example, if irrigation is begun in
the vicinity of the well selected as a sampling site to study variations in quality

resulting from natural-recharge patterns, the data collected may be essentially
of no value.



Although some ground-water studies may be concerned only with surveying the
chemical characteristics of the water, the data commonly are used in conjuction
with other geologic and hydrologic information. Consequently, the value of the
water analysis is usually directly proportional to the facts known about the sources
of the sample. One general observation is pertinent: The most useful samples are
collected from wells for which additional hydrologic and geologic data are available.

SELECTION OF SURFACE-WATER SAMPLE-COLLECTION SITE

Sampling techniques to be used in a given situation will depend not only on
the data needs, but also on the nature of streamflow and other conditions at the
sampling site. Ideally, the site will be at or near a streamflow-gaging station
because of the need to relate water quality to discharge. The best sample-collec-
tion site would be no more than a few hundred feet from the site of the water-stage
recorder, unless it has been ascertained that there 1is no appreciable inflow
between the sites. If no gaging station is at or near the sampling site, a dis-
charge measurement will be needed at the time of sampling. Also, if the water-
quality station is to be operated throughout the year, some sampling will be done
during the winter. Sections of some streams commonly remain open or partly open
during the winter. Local residents generally can provide valuable information
about ice conditions.

If a sample~collection site is downstream from the confluence of two streams-
or downstream from a point source of pollution, the collection of a representative
sample may require considerable effort because flow from the two streams may not
mix readily. If visual observations or field measurements indicate that flow at
the sampling site is not mixed, a sufficient number of verticals in the cross sec-
tion will be needed to provide a representative sample. Selection of a sampling
site just upstream from the confluence of two streams also can result in an unrep-
resentative sample, unless the distance upstream from the confluence is sufficient
to minimize backwater effects.

After a sampling site has been selected, samples are collected at the same cross
section throughout the period of record, if possible. This does not mean, however,
that the same section used during the low-water wading stages must be used during
higher stages that require the use of a 'bridge or cableway.

After the foregoing factors have been considered and a tentative sampling site
selected on a perennial stream, field measurements (specific conductance, tempera-
ture, pH, and dissolved oxygen where applicable) can be made and documented at
several verticals in the cross section to determine the uniformity of the water
quality. If the concentrations of suspended sediment or any of the "total" or
"total recoverable" chemical constituents (unfiltered sample) are to be determined
routinely, samples must be collected from each of several verticals and analyzed
individually for suspended sediment (Guy and Norman, 1970). These measurements
then could be used by field personnel or the sediment specialist as guides in
selecting an adequate number of verticals for obtaining a representative sample.



SAMPLING EQUIPMENT SELECTION AND MAINTENANCE

Planning the field trip and assembling the necessary equipment are essential
elements in any program. Provisions need to be made for sampling any condition
that might persist, including extreme cold weather and sampling through ice.

The streamflow conditions and sampling structures (bridge, cableway, or other)
determine which sampler or samplers are to be used at a station. Stream depths
and velocities determine whether hand samplers or cable-suspended samplers are to
be used, and the depth-velocity product affects the action of each sampler. The
larger the product, the heavier and more stable the sampler required to collect a
representative sample.

Stream velocity and depth are factors in determining whether or not a stream
can be waded.

[WHEN THE PRODUCT OF DEPTH, IN FEET, AND VELOCITY, IN FEET PER SECOND,
EQUALS TEN OR GREATER, A STREAM'S WADEABILITY IS QUESTIONABLE]

However, application of this rule will vary considerably among individuals accord-
ing to weight and stature and to the condition of the streambed.

If the product of the depth times velocity 1is greater than about ten, the
sampler to use is one that is supported by cable-and-reel equipment. Because the
sampler must traverse a path from stream surface to the streambed, the sampler
must be heavy enough to resist the drag forces of the flow. A rule-of-thumb is to
.multiply depth times velocity, then use the sampler whose weight, in pounds, exceeds
that product.

Depth-integrating water—sediment samplers

Depth-integrating water—-sediment samplers are commonly used and some of their
pertinent characteristics and applications are described in the following sections.
For a more thorough discussion concerning these and other samplers, field personnel
are referred to the report "Field Methods for Measurement of Fluvial Sediment" (Guy
and Norman, 1970) and to unpublished Quality of Water Branch Technical Memorandums
76,07, 76.156T, and 77.03. Each of the samplers is identified by the following
codes: '

US--United States standard sampler.

D~-depth integrating.

P~-point sampler. '

H~-hand held by rod or rope; for cable—and-reel suspension the H is omitted.

TM--trace metal; epoxy-coated sampler for the collection of trace metal (minor
element) samples. v

AL--sampler constructed of aluminum.

BM--bed material.

Q--quart sampler.

XX--last two digits of the year in which the sampler was developed.

For example: a US DH-48 is a depth integrating, hand-held sampler developed in
1948,



Hand-held samplers

Where streams can be waded, or where a low bridge is accessible, one or more
of the following samplers can be used, depending on the type of sample.

US DH-48 or US DH-48 TM.--This sampler, including the sample container, weighs
4 1/2 pounds. A standard stream-gaging wading rod is threaded into the top of the
sampler body for suspending the sampler. The sampler is  calibrated with a nozzle
having an inside diameter of one-fourth inch. However, a 3/16~inch nozzle (special
order) can also be used. The sample container is a round pint glass milk bottle.
The sampler can be used for the collection of all water-sediment samples EXCEPT
those for bacteria, oil and grease (0&G), dissolved oxygen (DO), and pesticides
where quart samples are required. If the DH-48 sampler is to be used for the
collection of pint pesticide samples, the black rubber gasket must be replaced
with a silicone gasket. If the sampler is to be used for the collection of trace
metals, the metallic nozzle needs to be replaced with a nylon nozzle and the sampler
coated with epoxy paint to prevent contamination from metal surfaces (four coats
of "Sears Marine"! white epoxy, or equivalent).

US DH-75 Q.--This epoxy-coated sampler is a quart version of the wading-type
hand sampler. The container is a round quart glass mayonnaise bottle (Owens-Illinois
6762 or equivalent). This sampler can be used for the collection of all water-
sediment samples EXCEPT those for bacteria, 0&G, DO, and pint suspended-sediment
samples.

US DH-59 or US DH-59 TM.--This sampler was designed to be suspended by a
hand-held rope in streams too deep to be waded. Because of its light weight (24
pounds), its use is limited to streams having velocities less than about 5 ft/s.
The instrument is calibrated and supplied with 1/4-inch, 3/16-inch, and 1/8-inch
diameter nozzles. The container is a round pint glass milk bottle. The sampler
can be used for the collection of all water-sediment samples EXCEPT those for
bacteria, 0&G, DO, and pesticides where quart samples are required. If the DH-59
sampler is to be used for the collection of trace metal samples, the black rubber
gasket must be replaced with a silicone gasket, the metallic nozzle replaced with
a nylon nozzle, and the sampler coated with epoxy paint.

US DH-76 TM.--This epoxy-coated sampler is a quart -version of the US DH-59
hand-line sampler. Because of its light weight, its use is limited to streams
having velocities less than about 5 ft/s. The container is a quart glass mayonnaise
bottle. The sampler can be used for the collection of all water-sediment samples
EXCEPT those for bacteria, 0&G, DO, and pint suspended-sediment samples.

Tubular Insert Sampler.--This sampler consists of a section of heavy metal
tubing (pipe) that will accomodate a sample bottle. The sampler is lowered by
rope from a bridge or cableway. Various sampler sizes are available, the most
common accommodating 4 oz., 8 o0z., and l-liter sample containers. The sampler is
normally restricted to dissolved inorganic constituents when the stream is well

luse of trade names in connection with equipment or supplies in this report is
for descriptive purpose only and does not constitute endorsement of the product
by the U.S. Geological Survey.



mixed. The most common use of the sampler is by field observers in the collection
of routine samples for specific conductance. The sampler also has been used during
extreme cold when freezing conditions preclude the use of normal type samplers.
I1f used as a replacement during cold weather sampling, all metal parts are coated
with epoxy paint (four coats of "Sears Marine" white epoxy or equivalent). In
addition, use of the sampler is documented on both the field and the laboratory
forms.

Cable~and-reel samplers

When streams cannot be waded but are less than about 15 to 20 feet deep, one
of the following reel-type samplers can be used for obtaining depth-integrated
water—sediment samples.

US D-49 or US D-49 TM.--This 62-pound sampler was designed for sampling with
a cable-and-reel suspension. The sampler is attached to the cable with a standard
hanger bar. The instrument 1s supplied with 1/4-inch, 3/16-inch, and 1/8-inch
nozzles. The sample container is a round pint glass milk bottle. The sampler can
be used for the collection of all water-sediment samples EXCEPT those for bacteria,
0&G, DO, and pesticides where quart samples are required. If the D-49 sampler is
to be used for the collection of trace metal samples, the black rubber gasket needs
to be replaced with a silicone gasket, the metallic nozzle replaced with a nylon
nozzle, and the sampler coated with epoxy paint.

US D-74 or US D-74 TM.--This 62-pound reel-type sampler is a quart version of
the D-49 sampler. The sampler will accommodate either a quart glass mayonnaise
bottle or a round pint glass milk bottle. When the pint bottle is used, an adapter
provided with the sampler is inserted inside the bottle cavity. The sampler can
be used for the collection of all water-sediment samples EXCEPT those for bacteria,
0&G, and DO. 1If the D-74 sampler is used for the collection of pesticide samples
and trace metal samples, the black rubber gasket is replaced with a silicone gasket,
the metallic nozzle replaced with nylon nozzle, and the sample coated with epoxy
paint.

US D-74 AL.--This reel-type 40-pound sampler is an aluminum version of the
D-74 sampler. The sampler can be used for the collection of all water—~sediment
samples EXCEPT those for bacteria, 0&G, and DO. 1If the sampler is to be used for
the collection of pesticide samples and trace metal samples, the black rubber
gasket is replaced with a silicone gasket, the metallic nozzle replaced w1th a
nylon nozzle, and the sampler coated with epoxy paint.

US P-61 TM.--This 105-pound reel-type sampler with a 3/16-inch nozzle was
designed as a point-integrating sampler but also can be used as a depth-integrat-
ing sampler in streams too deep or too swift to use other samplers. The sampler
can be used for depth integration (in 30-foot 1ncrements) to total stream depth of
180 feet using a l-pint container.

The sampler is designed for suspension from a steel cable having an insulated
inner conductor core. By pressing a switch located at the operator's station, a
current is supplied through the cable to a solenoid in the sampler head by storage
batteries connected in series to produce 24 to 48 volts. 1If the suspension cable
is longer than 100 feet, a larger voltage may be required. When the solenoid is
not energized, the valve is in the nonsampling (closed) position. When the solenoid



is energized, the valve 1is in the sampling (open) position. The sampler will
accommodate either a quart glass mayonnaise bottle or a pint glass milk bottle.
When the pint bottle is used, an adapter must be imserted into the bottle cavity.
The sampler can be used for the collection of all water-sediment samples EXCEPT
those for bacteria, 0&G, and DO.

This sampler can be used in streams where depths exceed 20 feet and where the
combination of depth and velocity cause other samplers to overfill at the maximum
allowable transit rate. Stream depths of as much as 30 feet can be accommodated
with the P-61 TM sampler by integrating the depth in only one direction at a time.
Generally, the sampler is first lowered to the streambed (with the intake closed),
and the depth determined and the transit rate estimated. Upward integration from
the bottom is maintained at a given transit rate immediately on opening the intake
nozzle. For precise sampling, a second bottle in the same vertical is collected
on a descending trip.

Depths of as much as 60 feet can be sampled by using a modification of this
procedure. First the closed sampler is lowered to the bottom and the depth noted.
The nozzle is opened and the sampler raised at the predetermined transit rate to
an even foot at .about half the depth. At this point, the nozzle is closed immedi-
ately and the sampler is raised to the surface. After retrieving the sample, a
clean bottle is inserted and the sampler is lowered to that depth where the nozzle
was closed on the initial ascending trip. At this point, the nozzle is opened and
the upper half of the depth is sampled as the sampler is raised at the identical
transit rate used for sampling the lower half of the depth. For precise sampling,
third and fourth bottles are used on descending trips. Depths greater than 60
feet can be sampled using more steps in the procedure as needed,

Sampler nozzles and gaskets

Each water—sediment sampler is equipped with a set of different sized nozzles.
The reason for nozzles of various sizes 1is that stream velocities and depths may
be great enough to cause the bottle to overfill for a specific transit rate when
using the largest nozzle. To reduce the quantity of sample entering the bottle
-and to prevent overfill, the next smaller diameter nozzle is used. However, the
best sample is obtained with the largest nozzle that can be used in a given situa-
tion. Because each of the sampler nozzles is calibrated for its particular sampler
or series of samplers, a nozzle from one series of samplers is not used in another
series of samplers. Exceptions: The. following nozzles are interchangeable--DH-59
with DH-76, and D-49 with D-74.

Except for samplers of the US DH-48, US DH-75, and US P-61 series, those
samplers described previously are equipped with three different diameter nozzles—-—
1/4-inch, 3/16-inch, and 1/8-inch. The US DH-48 and US DH-75 samplers were de-
signed for use in slow wadeable streams; therefore, the sampler has not been cali-
brated for a 1/8-inch nozzle. The US P-61 sampler is supplied only with a 3/16-
inch nozzle because the opening through the valve mechanism is only 3/16-inch in
diameter.

Of equal importance to using the correct diameter nozzle is the necessity to
.use the proper gasket to seal the bottle mouth sufficiently. Each sampler series
uses a different size or shaped gasket.



Any of the samplers used for the collection of pesticide and trace metal
samples needs to be equipped with the appropriate nylon nozzles and silicone rubber
gaskets. Nylon nozzles are color coded as follows:

Samglers Color
DH-48 Yellow
DH-59 Red

D-74 and D-49 Green
P-61 Blue

Special care is needed in tightening nylon nozzles into a sampler having a teflon
nozzle plug. Nozzles are tightened only by hand. The teflon plug is a frictiom
fit and will be damaged by wrench tightening.

Before departing on a field trip, personnel are to assure that the samplers
are in good working condition. Nozzles, gaskets, and air exhausts are checked and
replaced when necessary. Nozzles or exhausts might be plugged; nozzles or gaskets
might be damaged; and the epoxy coating might be chipped. The flow system of the
sampler can be checked for plugging or leaks by blowing through the nozzle with a .
bottle in the sampler. Use a short length of rubber tubing to blow into the nozzle
because of the possibility of previous contamination by polluted water. If air
does not circulate easily, check the nozzle to ensure that it is clear and remove
and clean if necessary. If the air exhaust is plugged, it usually can be cleared
with a flexible piece of multistrand wire. To check the gasket for adequate seal,
insert a bottle in the sampler, close the air-exhaust port with a finger, and blow
through the sampler nozzle. 1If air escapes around the bottle mouth, the gasket
may be defective or worn or the spring-loaded foot that holds the bottle in place
might not be working properly.

Biochemicalroxygen demand (BOD) samplers

The BOD sampler accommodates a glass BOD bottle having a volume of 300 mL
(milliliters); it is designed to provide for a threefold displacement of water in
the sample bottle without aeration. This 10- to 15-pound metal sampler is used
for the collection of unaerated samples for the measurement of dissolved oxygen
during weather conditions that make in situ measurements impractical. If velocity
of the flow is too great for the sampler to be lowered to the streambed without
aeration, sounding weights are attached to the rope or cable from which the sampler
is suspended.

Bed-material samplers

The samplers commonly described in this section are physically limited to the
collection of bed-material samples consisting of particles finer than about 30 or
40 mm (millimeters) in diameter (finer than medium gravel).

Hand-held sampler--US BMH-60

The US BMH-60 sampler is a 30-pound hand-line sampler designed to sample
streams having moderate depths and velocities and whose bed material is moder-



ately firm but contains a minimum amount of gravel. The sampler mechanism consists
of a scoop or bucket operated by a spring. The scoop when activated by release of
tension on the hanger rod can penetrate into the bed about 43 mm and can hold
approximately 175 cm3 (cubic centimeters) of material.

To cock the bucket into an open position for sampling, the sampler must first
be supported by the hand line; then the bucket can be opened with an allen wrench.
The hanger rod to which the hand line is attached is grooved so that a safety yoke
can be placed in position to maintain tension on the rod assembly and to hold the
bucket open for cleaning. '

[CAUTION MUST BE USED WITH THIS SAMPLER AND AT NO TIME ARE
THE HAND OR FINGERS TO BE PLACED IN THE BUCKET OPENING.
ACCIDENTAL CLOSING OF THE BUCKET COULD CAUSE PERMANENT INJURY]

The bucket closes when the safety yoke is removed and tension on the hand line is
released as will occur when the sampler comes to rest on the streambed.

Cable—and-reel sampler—-US BM-54

The US BM-54 is a 100-pound cable—-and~reel sampler designed to sample bed
material of a stream of any reasonable depth, except for streams with extremely
large velocities. Operation of the sampler is similar to the US BMH-60 in that it
takes a sample when tension on the cable is released as the sampler touches the bed.

The sampler needs to be equipped with a safety bar that can be rotated over
the front or cutting edge of the bucket when cocked into open position.

[LIKE THE BMH-60 SAMPLER, CAUTION MUST BE USED WHEN WORKING WITH THE
BUCKET. HANDS AND FINGERS ARE NOT TO BE PLACED IN THE BUCKET OPENING]

The driving force of the bucket is a coil-type spring. The tension on the

spring is adjusted by the nut-and-bolt assembly protruding from the front of the
sampler. Maximum tension need be used only when the streambed material is very firm.

Support equipment

Much of the equipment used in stream—gaging procedures is also used as support
equipment for handling of water—sediment and other type samplers. A discussion of
the various types of support equipment is beyond the scope of this manual. However,
some of the support equipment is listed below. For a discussion of these and other
equipment, field personnel are referred to the report "Measurement and Computation
of Streamflow" by Rantz and others (1982).

1. Cranes
a. Type A-—-designed for weights of 150 pounds or less.
b. Type D--designed for weights of as much as 200 pounds.
2. Crane bases
a. Four-wheel base-—always used when type D cranes
are used and when 75—, 100-, and 150-pound weights are used with the
type A crane.
b. Three-wheel base——can be used with type A crane.



3. Reels

a. Type A--has a fixed crank and no brake. Will accommodate 80 feet of
0.10-inch cable. '

b. Type B--has a brake and two interchangeable handles. Will accommodate
125 feet of 0.10-inch cable.

c. Type D--has a brake and two cranks for 2-person operation. Will accom
modate 200 feet of 0.10-inch cable.

d. Type E--has a brake and two cranks for 2-person operation. Will accom-
modate 175 feet of 0.10~inch cable (the selection of the type of reel
is based largely on the maximum length of the cable that is required).

4. Hanger bars, connectors, and pins—-—for connecting to cable and reel.
5. C-type weights--15-, 30-, 50-, 75-, 100-, and 150-pound weights as
applicable.

6. Tag-lines--for measuring distances and widths.

7. Stop watch.

8. Ropes-—for suspending hand-line samplers.

9. Waders. .
10. Assortment of safety equipment such as cones and signs.
11, Wading rod.

12. Gage-house keys.
13. Cable-car puller.

14. Tools.
15. Flashlight.

Methods of cleaning samplers and sample-processing equipment

[SAMPLES ARE TO BE PROTECTED AGAINST CONTAMINATION AT ALL
TIMES. AS PART OF QUALITY ASSURANCE, SAMPLERS AND SAMPLING
EQUIPMENT ARE TO BE
THOROUGHLY CLEANED PRIOR TO USE]

The critical parts of depth-integrating water-sediment samplers are the nozzle,
that part of the sampler head underneath the gasket, and the entire center part of
the sampler head that may contact the sample. The sampler is cleaned with a moder-
ate amount of low-phosphate detergent (Alconox) solution and washed with tap water
prior to the field trip and in the field after sampling a particularly "dirty" site.
The use of excessive quantities of detergent is discouraged to avoid possible con-
tamination of the nutrient sample. If the sampler is to be used for the collection
of samples for pesticide analysis, the sampler is rinsed with hexane before the
rinse with tap water.

Upon arriving at each field site prior to sampling, field personnel are to
thoroughly rinse the empty sampler in the stream to remove any contaminant.

Prior to the field trip, the BMH-60 sampler to be used for the collection of
bed material for pesticide analysis is cleaned as follows:

1. With the bucket in the closed position, remove the two large flathead
screws and the socket-head capscrew at the downstream edge of the bucket.

2. Insert the allen wrench in the shaft, open the bucket about one-third of
the way, and remove the cover plate-gasket-base plate assembly.

3. Open the bucket fully and insert the safety yoke.
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4, VUsing a stiff long-handle brush, clean the bucket throughly with detergent,
hexane, detergent again, and tap or deionized water.

5. Clean the cover plate-gasket assembly with detergent, hexane, and tap or
deionized water,

6. Reassemble the sampler and keep bucket closed until ready for sampling.

Upon arriving at each field site and prior to sampling, rinse the sampler with
native water.

The U.S. Geological Survey churn splitter, which is used for compositing and
splitting water—-sediment samples, is cleaned prior to the field trip as follows:

1. If the churn is to be used for compositing trace metal samples, soak for
about 4 hours with a 5-percent solution of hydrochloric acid. (If churn
splitter is not to be used for trace metal samples, omit this step.)

2. Clean with low-phosphate (Alconox) detergent.

3. Rinse with tap water

4. Rinse with deionized water.

Cleaning of the churn in the field between individual sampling sites can be
accomplished by rinsing with deionized water immediately after sampling is com-—
pleted at each site. At the next site, rinse with native water.

Unless special instructions are available, collection bottles used in the
various samplers for chemical analysis are to be cleaned prior to the field trip
in the same manner as the churn splitter. Also the same procedure is used in the
field between individual sampling sites. An extra set of clean sample bottles is
to be carried in case of breakage or loss.

The filtration apparatus is flushed with distilled water after each use. The
used filter membrane is removed and the screens and plates rinsed copiously with
distilled water. Screens are not to come in contact with one another and are to
remain in their original top or bottom position. During periods of non-use a fil-
ter membrane or a filter divider is placed between the screens. The attached in-
take and outlet teflon hoses are protected from contamination during nonuse by in-
serting the ends in plastic bags ("whirlpaks"). The plates and screen can be’
periodically cleansed by using alternate baths of chlorox and 5-percent hydro-
chloric acid. A glass pie plate with 1/4-inch depth of cleaning solution can be
used as a bath.

Sampling of a particularly dirty site may require that sampler and churn
splitter be thoroughly cleaned in the field. Thus, field vehicles are to be equip-
ped with the following material:

1. Low-phosphate (Alconox)
detergent

2. Deionized or distilled water

3. Hexane detergent

4. Stiff long-handle brush
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SAMPLE COLLECTION AND TREATMENT

General considerations

Many of the dissolved ions normally present in natural waters may be lost from
the water sample before it is analyzed in the laboratory because of such chemical
and physical reactions as oxidation, reduction, precipitation, adsorption, and ion
exchange. Therefore, some properties or comstituents such as specific conductance,
temperature, dissolved oxygen, alkalinity, and bacteria may change dramatically
within a few minutes or hours after sample collection. Immediate analysis in the
field is required if accurate results for these parameters are to be obtained.
Samples for other constituents may be stabilized by preservative treatment. Some
examples of preservative treatment are refrigeration to minimize chemical and
biological change due to biologic activity and the addition of acid to prevent the
precipitation of catioms.

Analysis for '"total recoverable" and '"total" constituents requires a raw
(unfiltered) sample of the water sediment mixture; analysis for '"dissolved" con-
stituents requires a filtered sample (generally, through a 0.45 micrometer membrane
filter). Other analyses may require bottom material, residue of a filtered sample,
or biological material obtained on an artificial substrate. The type of sample
treatment required is designated by the U.S. Geological Survey Central Laboratory
and defined in their "Service Catalog." Specified sample containers also are
listed. Preservatives and bottles are available upon request from the Central
Laboratory. Policies of countract laboratories may differ somewhat regarding pre-
servatives and sample containers. ‘

Samples are to be shipped from the field to the laboratory with no delay--
preferably the day they were collected. An exception might be when samples are
collected near the end of the week and there is reason to believe the shipment
will arrive and be held in the Post Office over the weekend. In such instances
the nutrients, and other samples requiring cooling, must be held in a dark,
refrigerated condition, Another exception to the immediate shipment of samples
involves daily samples collected by field observers for the analysis of specific
conductance., For practicality, these samples are shipped to the District Laboratory
. on a monthly basis.

Methods of ground-water sampling

The unstable nature of many chemical and physical properties in ground water
requires special collection procedures for samples. In addition, the geochemical
controls and nature of the aquifer system may further complicate the method by
which samples are collected. The following are general guidelines to use in
collection of samples from springs and wells. More detailed information can be
found in Wood (1976).

Sampling from springs
For sampling springs in unconsolidated deposits, a well point or slotted pipe
can be driven into the ground to a depth of 1 meter or less adjacent to the spring.

If the flow is not artesian, the sample can be collected using a small pitcher
pump. Plastic pipe and plastic well screen are used for trace metal samples. To
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sample large upwelling springs, submersible electric pumps placed at the mouth of
the spring by hand or attached to a pole generally work well. When sampling for
trace metals, plastic is used for the pump housing, pump impellers, and tubing.

Sampling from wells

Wells are pumped prior to sampling to ensure that stagnant water is flushed
from the system and the sample is representative of water in the aquifer. Samples
are not collected until temperature, specific conductance, and pH remain at constant
values. The sample is collected near the wellhead before the water has gone through
pressure tanks, water softemers, or other treatment. When wells are not equipped
with pumps, a submersible pump with an outside power source is preferred. A pitcher
pump may be used if the water level is within about 7 meters of the surface. If
pumping cannot be done, a small-diameter point sampler can be used, but only after
the well has been bailed until temperature, specific conductance, and pH are
constant. Bailers and point' samplers usually contaminate the sample with oxygen.

Well packers can be used to sample from individual aquifers tapped by multi-
screen or open-hole wells receiving water from several aquifers. 'Such wells often
are avoided in sampling for geochemical studies because of greater costs involved
in the use of packers.

Methods of surface-water depth—intggfating sample collection

Proper sampling techniques are important to ensure that a sample is represent-
ative of the flow in the cross section. The most complete discussion of sampling
techniques is found in the report "Field Methods for Measurement of Fluvial Sedi-
ment," (Guy and Norman, 1970). Some aspects of sampling are included also in
other Geological Survey Techniques of Water-Resources Investigations manuals (see
list of references) and quality of water technical memorandums (unpublished).

The number of verticals to be sampled at a site relates primarily to the col-
lection of a representative sample in the cross section and secondarily to the
volume of the sample required. With few exceptions, samples that are to be ana-
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