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CONVERSION FACTORS AND VERTICAL DATUM

Conversion Factors

Multiply By To obtain
gram (g) 0.03527 ounce, avoirdupois
gram (g) 0.002205 pound, avoirdupois
liter (L) 0.2642 gallon

millimeter (mm) 0.03937 inch

Temperature is given in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) by

the following equation:

Vertical Datum

°F=1.8(°C)+32

Sea Level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD
of 1929)—a geodetic datum derived from a general adjustment of the first-order level nets of both the United
States and Canada, formerly called Sea Level Datum of 1929.

Conversion Factors and Vertical Datum V












Scope and Purpose

This report surveys the available existing
knowledge (as of April 1994) on the cleaning
efficiency and splitting capabilities of four devices
used for splitting composited water samples: 14-L
churn splitter, 8-L churn splitter, plastic-cone
splitter, and Teflon-cone splitter. The report fulfills
three objectives. First, it provides a reference for
those using these devices in their water quality
studies. Second, it provides a basis for decision
making on the limitations of and continued use of
these devices. Third, it serves as a long-term
planning guide for additional tests needed for
further evaluation of these devices.

Data Sources

The data on which this report is based have
been compiled from many sources. Technical
memoranda from the OWQ, its predecessor the
Quality of Water Branch (QWB), and the Office of
Surface Water have been perused (these memoranda
are reproduced in appendix A). Published and
unpublished data and reports from a variety of
sources have also been examined. Unpublished
data that have been used in this report are
summarized in appendix B. There are additional
data on splitting devices that were not available for
inclusion in this report.

USES AND LIMITATIONS OF SPLITTERS

The WRD policy on the use and limitations of
the splitting devices has been published and printed
in numerous protocols and reports (Knapton, 1985;
Ward and Harr, 1990), but has most of its origins in
the early technical memoranda from the QWB and
OWQ. Perhaps the most current and extensive
listing of the uses and limitations of splitting
devices can be found in Ward and Harr (1990).

From the perspective of Federal WRD
programs, the National Stream Accounting Network
uses the churn splitter in its standard water sample
processing (Ward and Harr, 1990; Horowitz and
others, 1994), whereas NAWQA investigators use
the Teflon cone splitter exclusively, or as the first
step in series with the churn (Shelton, 1994). In
1994, NAWQA added a two—millimeter Teflon

screen at the bottom of the reservoir of the cone to
aid in distributing the coarse-grained particles and
to prevent large debris, such as leaves and twigs,
from entering the cone chamber. All of the tests
for the Teflon cone splitter cited in this report were
conducted without the use of such a screen. The
traditional WRD method of suspended sediment
collection uses neither splitting device, but collects
water samples directly into the sample bottle
(Edwards and Glysson, 1988).

SUMMARY OF EXISTING DATA

Tables 1 and 2 summarize the existing data on
the adequacy of cleaning protocols and on the
splitting capability of the four splitting devices.
These matrices describe the complete set of data
that should exist ideally, and indicate what types of
tests still need to be performed for a full evaluation
of the devices. Table 1 focuses on the cleaning
efficiency, as described in the current protocols
(Ward and Harr, 1990; Horowitz and others, 1994;
Shelton, 1994) for the devices. Table 2 focuses on
the splitting capability of the devices. Each entry in
the tables contains information on one of the four
splitting devices. The entries are completed in the
following manner. An entry indicated by "n/a"
signifies that the information is not needed or that
the splitting device inherently cannot be used for
this type of analyte. An entry indicated by "--"
signifies that no information exists, often because
the device cannot be used for the specified purpose,
and that results from existing studies cannot be
extrapolated to provide the information. The values
(3,2,1,0r 0) signify the authors’ level of confidence
in the conclusions from the data considered in this
study. A value of "3" signifies a high level of
confidence based on agreement of multiple studies.
A value of "2" signifies a weaker confidence level
based only on one well planned and conducted
study. A value of "1" signifies minimal confidence
based on one partial study, or on disagreement
between two or more studies. A value of "0"
signifies that no actual data exist, but that the
authors feel that other data can be extrapolated to
cover the case being considered. The values are
assigned either a "+" or a "-", signifying either a
positive result for the splitting device (cleaning
procedure is adequate or splitting capability is
effective) or a negative result (cleaning procedure is
inadequate or splitting capability is ineffective).

Summary of Existing Data 3



Table 1. Evaluation of the effectiveness of cleaning and transport protocols for splitting devices

[Explanation of table entries: n/a - information not needed or the device inherently cannot be used for this type of
analyte. "--" indicates that no information exists and cannot be extrapolated. Numbers indicate authors’ level of
confidence in conclusions from existing data: 3 - high level, based on agreement of multiple studies; 2 - medium level,
based on one well-planned study; 1 - minimal level, based on one partial study or disagreement between multiple studies;
0 - no actual data exist, but other existing data may be extrapolated to cover case being considered. "+" or "-" indicates
whether conclusions drawn are positive or negative.]

14-liter  8-liter Plastic Teflon

.churn churn cone cone
1. Effectiveness of laboratory cleaning and transport protocols
Major cations +2 +0 +0 +1
Major anions +0 +0 +0 +1
Sediment mass -- - -- -
Dissolved organic carbon n/a n/a n/a -1
Particluate organic carbon n/a n/a n/a --
Nutrients, dissolved : +0 +0 -- +1
Nutrients, total -- -- -- --
Trace elements, dissolved +2 +0 -- +1
Trace elements, total - - - -
Semi-volatile organic chemicals, dissolved n/a n/a n/a +3
Semi-volatile organic chemicals, total n/a n/a n/a -
Chorophyll - - - -
Bacteria n/a n/a -- -
Radiochemicals, dissolved +0 +0 +0 +0
Radiochemicals, total - - - -
Alkalinity +0 +0 +0 +0
2. Effectiveness of field cleaning protocols

Major cations +2 +0 +0 +0
Major anions +0 +0 +0 +0
Sediment mass -- - -- -
Dissolved organic carbon n/a n/a n/a -3
Particluate organic carbon n/a n/a n/a -
Nutrients, dissolved +0 +0 - +0
Nutrients, total - -- -- -
Trace elements, dissolved +2 +0 - +0
Trace elements, total - -- - -
Semi-volatile organic chemicals, dissolved n/a n/a n/a --
Semi-volatile organic chemicals, total n/a n/a n/a -
Chorophyll - -- - -
Bacteria n/a n/a n/a -
Radiochemicals, dissolved +0 +0 +0 +0
Radiochemicals, total - -- -- -
Alkalinity +0 +0 +0 +0

!Samples for dissolved organic chemicals are not normally processed with the Teflon cone, due to possible
contamination from methanol used in the cleaning procedure.
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Table 2. Evaluation of performance of splitting devices based on existing data .

[A: accuracy; P: precision. Explanation of table entries: n/a - information not needed or the device inherently cannot be
used for this type of analyte. "--" indicates that no information exists and cannot be extrapolated. Numbers indicate
authors’ level of confidence in conclusions from existing data: 3 - high level, based on agreement of multiple studies; 2 -
medium level, based on one well-planned study; 1 - minimal level, based on one partial study or disagreement between
multiple studies; O - no actual data exist, but other existing data may be extrapolated to cover case being considered. "+"
or "-" indicates whether conclusions drawn are positive or negative.]

Teflon cone Plastic cone 8-liter churn  14-liter churn

A P A P A P A P
A. Concerns related to splitting capability
1. Splitting capability of total suspended sediment +1 +3 +1 +3 - - +-1  +/-1
2. Splitting capability as a function of particle size
Sand-sized particles +1 +3 +1 +3 - -- -1 -1
Silt- and clay-sized particles +1 +3 +1 +3 +1 +1 +1 +1

3. Splitting capability as a function of particle density -- - - -- -- - -- -
4. Splitting capability as a function of water volume +3 +3 +3 +3 n/a n/a n/a n/a
5. Splitting capability as a function of particluate

and "total" chemical concentration

Nutrients - - -- - - - - -
Trace elements - -- - - - - - -
Semi-volatile organic chemicals -- - na n/a n/a n/a n/a n/a
Chlorophyll/phytoplankton - - - - - - - -
Bacteria - - - - - - - -
Particulate organic carbon - - - - - - - -
Radiochemicals - - - - - - - -

6. Splitting capability as a function of
Dissolved chemical concentrations

Major cations +0 +0 +0 +0 +0 +0 +0 +0
Major anions +0 +0 +0 +0 +0 +0 +0 +0
Dissolved organic carbon +0' 40! na n/a n/a na nla na
Nutrients, dissolved +0 +0 +0 +0 +0 +0 +0 +0
Trace elements, dissolved +0 +0 +0 40 +0 +0 +0 +0
Semi-volatile organic chemicals, dissolved +0 +0 -~ - - - -- -
Radiochemicals, dissolved +0 +0 +#0 40 +0 +0 +0 +0
pH +0 +0 +#0 40 +0 +0 +0 +0
Conductivity +0 +0 +0 +0 +0 +0 +0 +0
Alkalinity +0 +0 +#0 40 +0 +0 +0 +0
B. Concerns related to splitter operation
1. Use of multiple splitters of the
same type by the same operator +1 +1 +1 +1 - -- -1 -1
2. Use of the identical splitter by
different operators - -- - -- - - -- -
3. Leveling effects on cone splitter +1 +1 +2 +2 n/a nfa n/a n/a
4. Effects of total processed water volume +2 +2 +2 2 - - - -
6. Effects of sequential aliquots - -- - - - - - -
from churn splitter na n/a nfa n/a -1 -1 -1 -1
7. Effects of combining ports from
the cone splitter +2 +2 +#0 40 n/a n/a n/a n/a
C. Concerns related to inherent creation
of chemical artifacts
1. Creation of artifacts in particle size distribution -- - - -- - -- - -
2. Gain/loss of chemical due to air/water transfer -- -- -- -- - - -- -

ISamples for dissolved organic chemicals are not normally processed with the Teflon cone, due to possible contamination
from methanol used in the cleaning procedure.

Summary of Existing Data 5



EFFECTIVENESS OF PROTOCOLS FOR
CLEANING AND TRANSPORT OF
SPLITTERS

Laboratory

Ideally, the two protocols, laboratory and
transport, should be evaluated independently, but
almost all of the existing data on equipment blanks
integrates both protocols. Three types of studies
have been conducted to evaluate the effectiveness of
the cleaning protocols: blank water (deionized or
"organic-free"), laboratory solutions of target
analytes, and natural water solutions. These studies
will be discussed for each of the devices.

14-liter Churn

The 14-L churn is the primary device for
sample splitting of inorganic analytes. Those who
introduced the device advised that it not be used for
water samples requiring analysis for organic carbon,
organic chemicals, or bacteria (QWB technical
memoranda 76.24-T and 77.01). The equipment
blanks generated over the years by various WRD
investigations suggest that the cleaning protocols
outlined in Ward and Harr (1990) are sufficient for
processing water with inorganic constituents and
solids in the concentration range of mg/L
(milligrams per liter). Of greater concern is the
capability of the cleaning and transport protocols to
provide a splitter able to process water without
contaminating samples with trace elements or
nutrients at the pg/L (micrograms per liter) level.

Horowitz and others (1994) describe the
protocols for the cleaning, transport, and field use
of the churn splitter for water samples to be ana-
lyzed for dissolved inorganic constituents at the
ug/L level. OWQ technical memorandum 94.13
(appendix A) presents data on a series of experi-
ments designed to certify that these procedures are
adequate for samples to be analyzed for dissolved
major cations and trace elements at pg/L levels. In
one study the churn was cleaned in the laboratory
with deionized water processed through the sampler.
Although one low-level concentration of copper was
detected, the results suggested that the laboratory
cleaning procedures were sufficient. The adequacy
of the cleaning protocol for analysis of major ions
(at the mg/L level), dissolved nutrients, dissolved
radiochemicals, and alkalinity can be inferred from
these results as well. There have been no studies

found that examined the adequacy of the cleaning
protocols for analysis of particle-associated or
"total” inorganic constituents.

8-liter Churn

The cleaning tests mentioned above were not
performed using the 8-L churn splitter. However, it
is reasonable to assume that the cleaning procedures
are adequate for both sizes of the churns.
Contamination problems are not expected for
dissolved, inorganic analytes if the same cleaning
protocols (OQW technical memorandum 94.13) are
followed.

Plastic Cone

There have been no studies found that examined
the adequacy of the laboratory cleaning protocols
for dissolved, particle-associated, or "total"
inorganic constituents. The routine field equipment
blanks generated by various studies within the
WRD suggest that the cone splitter can be
sufficiently cleaned in the field with the protocols
outlined by Ward and Harr (1990) for inorganic
constituents at the mg/L level. This plastic splitting
device should not be used to collect water samples
for analysis of organic carbon or organic chemicals.

Teflon Cone

The Teflon cone is the only splitting device that
has potential application with the complete suite of
water-quality analytes, including low-level trace
elements and organic chemicals. Because of this,
the NAWQA program has incorporated the use of
this device in their field protocols for splitting water
samples to be analyzed for both trace elements and
organic chemicals (Shelton, 1994).

An initial study to examine the laboratory
cleaning protocols was conducted using a 200 pg/L
solution of chloride or nitrate salts of barium,
calcium, cadmium, cobalt, copper, potassium,
magnesium, tin, and zinc in deionized water. This
solution was passed through the cone. The cone
was then cleaned with the standard protocols
(Shelton, 1994) and packed for transport. The
packed cone was opened and one L of deionized
water was passed through it. Samples were
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collected from three ports and analyzed for trace
elements, major cations, major anions, and
nutrients. The data are summarized in appendix B
(Shelton and Capel, 1994). Although very low-
level concentrations of aluminum and zinc

(<1 pg/L), calcium and magnesium (< 0.003 mg/L),
and chloride (<0.04 mg/L) were detected (all less
than their reporting limits), the results suggest that
this laboratory cleaning procedure is adequate.

Zorgorski, Sandstrom, and Capel (1990,
appendices A and B) conducted a study on the
adequacy of laboratory cleaning of sample
processing equipment, including the Teflon cone
splitter for organic chemicals. The target analytes
included the chlorophenoxy acid herbicides,
carbamate insecticides, triazine and other nitrogen-
containing herbicides, and the organochlorine and
organophophorus insecticides. The sample
processing equipment was cleaned with laboratory
soap and water, rinsed with "organic-free" water
until all soap bubbles disappeared, rinsed with
methanol, air dried, and wrapped in aluminum foil
for transport. The equipment was taken to the field
site and opened. "Organic-free" water was
processed as a sample. This procedure was
performed at three sites. All target analytes were
below the detection limit at two of the three sites.
At the third site, low-levels of 2,4-D, 2,4,5-T,
silvex, picloram, dicamba, and carbaryl were
quantified, but these low-level detections occurred
in one of the four laboratory schedules used (except
carbaryl) and may have been an artifact of the
laboratory processing. Overall, the cleaning
procedure appeared adequate.

During a study of pesticides in the Mississippi
River basin, in which the Teflon cone splitter was
used, approximately 68 field equipment blanks were
collected. The equipment was cleaned and rinsed
as described above. The equipment blanks were
analyzed for up to 46 pesticides by gas
chromatography-mass spectrometry. Only one
equipment blank had detections (low-levels of
atrazine and metolachlor), which were attributed to
laboratory contamination (Coupe and others, 1994).
The contamination problem that did arise during
this study was caused by dissolved organic carbon
(DOC). The DOC concentrations were randomly
elevated in many samples. The problems were
traced back to residual methanol in the processing
equipment. After this observation was made, DOC
samples were no longer collected in the study. To
avoid this problem in the NAWQA program, a

separate DOC sample is obtained directly from the
stream and is not processed through the methanol
rinsed cone splitter (Shelton, 1994).

Field
14-liter Churn

The field equipment blanks generated over the
years in various WRD investigations suggest that
the field cleaning protocols outlined in Ward and
Harr (1990) are sufficient for processing water with
inorganic constituents and solids in the
concentration range of mg/L. As with the
laboratory cleaning protocols, the greater concern is
the capability of the field cleaning and transport
protocols to provide a splitter to process water
without contaminating samples with trace elements
or nutrients at the pg/L level. Horowitz and others
(1994) describe the protocols for field cleaning and
use of the churn splitter for water samples to be
analyzed for dissolved inorganic constituents at the
pg/L level. OWQ technical memorandum 94.13
(appendix A) presents data on a series of
experiments designed to certify that these
procedures are adequate.

In one experiment, the churn was cleaned in the
field, and deionized water was then processed
through the churn. In another experiment,
numerous natural waters with known elevated
presence of trace elements were composited in the
churn. The churn was then field cleaned. Then
deionized water was added, processed, removed as a
normal environmental sample, and analyzed.
Although low-level concentrations of numerous
trace elements were detected, the OWQ technical
memorandum 94.13 suggests that the field cleaning
procedures are adequate. The adequacy of this
cleaning protocol for the 14-L churn probably can
be extrapolated to the major ions (at the mg/L
level), dissolved nutrients, dissolved radiochemicals,
and alkalinity. There have been no studies found
that examined the adequacy of the cleaning proto-
cols for particle-associated or "total" inorganic
constituents.

8-liter Churn
Although the field cleaning tests mentioned

above were not done using the 8-L churn splitter, it
is reasonable to assume that the cleaning procedures

Effectiveness of Protocois for Cleaning and Transport of Splitters 7



are adequate for both sizes of the churn. Contam-
ination problems in the 8-L churn splitter are not
expected for dissolved, inorganic analytes if the
field cleaning protocols (OWQ technical
memorandum 94.13) are followed.

Plastic Cone

No studies have been found that examined the
adequacy of the field cleaning protocols for the
plastic cone splitter for dissolved, particle-
associated, or "total" inorganic constituents. The
routine field equipment blanks generated by various
studies throughout the WRD suggest that the cone
splitter can be sufficiently cleaned in the field by
the protocols outlined by Ward and Harr (1990) for
inorganic constituents at the mg/L level.

Teflon Cone

No studies have been found that specifically
examined the adequacy of the field cleaning
protocols for the Teflon cone splitter for dissolved,
particle-associated, or "total" inorganic or organic
constituents. The equipment blank data generated
by the NAWQA program will give an indication of
the adequacy of cleaning procedures for the whole
sample processing scheme, which includes
processing with the Teflon cone splitter.

CONCERNS RELATED TO SPLITTING
CAPABILITY

To put in perspective the following data on the
capabilities of the splitting devices, some knowl-
edge of the other errors involved in quantifying
suspended sediment concentrations is useful.
Potential errors in measuring the suspended
sediment concentration can arise from sample
collection, sample processing, and final analytical
measurements. Moody and Meade (1992) discuss
the analytical procedures and show that the
analytical error for fine material (<63 pm) is
typically 1 mg/L or about one percent for water
with a suspended sediment concentration of 100
mg/L. For water with very low suspended
sediment, the error will increase significantly. As
an example, for water with a suspended sediment
concentration of 2 mg/L, the analytical error may be
on the order of 50 percent. For sand-sized material
(>63 um), the analytical errors were much less.

They found a two percent error for concentrations
of 0.1 mg/L to less than 0.1 percent error for
concentrations of 100 mg/L. The errors in sample
collection are significantly greater. Moody and
Meade (1992) collected duplicate suspended
sediment samples at 44 sites on the Mississippi
River and some of its tributaries. At each site, they
collected between 14 and 40 verticals and
alternately designated the vertical "Sample A" or
"Sample B." The sand-sized material was sieved
and composited, whereas the finer material was
processed through the churn splitter. They found
that there was a mean difference in the absolute
values of the duplicate sand concentrations of 9, 10,
6, and 18 percent on four cruises, whereas the
absolute values of the silt/clay concentrations had a
mean difference of 3, 2, 2, and 2 percent for the
four cruises. This suggests that the natural
variability of the suspended sediment concentration,
especially the sand-sized fraction, is real and at
times large. These natural variations should be kept
in mind as the errors associated with the splitting
devices are discussed below.

Splitting Capability of Totai Suspended
Sediment

14-liter Churn

The original information on the splitting
capability of the churn was released in QWB
Technical memorandum 76.24-T (appendix A).
This document, without any details, cites a study
that found that a water sample with 5,000 mg/L of
sand-sized solids can be split within +10 percent of
the true concentration. Although the original data
could not be found, an unfinished manuscript by
Delaney and Ong (personal communication) records
that the solids used in the study were in the range
of 62 to 500 pm and had a median diameter of 150
pm. A water sample with a suspended sediment
concentration of 362 mg/L from the Rio Grande at
Albuquerque, New Mexico was also processed in
the tests. For the laboratory studies using sand-
sized particles, it was reported that all subsamples
obtained from the churn were within + 15 percent
of the original concentration and that the one river
sample was within + 5 percent of its original
concentration. All of these tests started with a
volume of a little less than 14 L and withdrew
subsamples of one L. The investigators concluded
that the last four L from the churn should not be
used for analysis that involves the particulate phase.
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QWB technical memorandum 77.01 further
describes the churn splitter. It states that "the churn
splitter is designed and tested especially for use in
streams transporting sand-sized sediments...and they
are the only acceptable means of splitting samples
containing sand-sized materials in the field." The
1978 QWB technical memorandum (78.03)
described the limitations of the churn splitter.
Without presenting any data, the memorandum
states that "tests of the churn splitter using sand-
sized particles (>62 pm) have indicated that when
relatively high concentrations of such particles are
present, subsamples for suspended-sediment
concentrations or particle-size determinations should
not be taken from the churn...When essentially all
particles are silt-size or smaller (<62 pm), sediment-
concentration and particle-size subsamples may be
taken directly from the churn." The data supporting
these conflicting observations were not available to
these authors.

The Branch of Quality Assurance (BQA; 1990,
appendix B) evaluated the capability of the 14-L
churn to split water samples containing coarse and
fine particles. Two mixtures were used, each
containing a total suspended sediment concentration
of 20,000 mg/L. Sediment in solution "A" was
composed of 70 percent fine particles (<63 pum) and
30 percent coarse particles (>63 um). Sediment in
solution "B" was composed of 95 percent fine
particles and 5 percent coarse particles. In six
separate trials, using two different churns, 10 L of
solution were placed in the churn and six 1-L
subsamples were withdrawn while raising and
lowering the churn-paddle at a rate of nine inches
per second. The subsamples and the four L of
solution remaining in the churn were analyzed for
total suspended sediment concentration and
particle-size distribution. The results for total
suspended sediment, and fine and coarse particle
concentration are shown in figure 3. Several points
can be made from the two plots in this figure.

First, deviations from the "true" concentrations were
substantial in some cases, due primarily to
variability in coarse particle concentrations. The
range of deviations, and the overall mean and
median deviations for all six trials are given in
table 3. For total suspended sediment, the range of .
the deviations for all 18 subsamples was
approximately +15 percent. The mean and median
deviations ranged from 5 to 7.5 percent of the
expected concentration, with the deviations
primarily due to the coarse particles [see section on
"Splitting Capability as a Function of Particle Size
(14-liter Churn)]. The results in figure 3 indicate a

certain amount of unpredictability in the churn’s
capability to split suspended sediments équally, with
differences between churns (see section on "Use of
Multiple Splitters of the Same Type by the Same
Operator") and effects of subsample-withdrawal
order (see section on "Effects of Sequential
Aliquots from Churn Splitter") both evident. The
errors due to the operator are imbedded in these
overall errors.

8-liter Churn

No available data addressed this topic
specifically for the 8-L churn splitter. Because of
the differences in geometry, any extrapolations from
the 14-L churn are tenuous.

Plastic Cone

The original documentation that introduced the
plastic cone to the WRD (QWB technical
memorandum 80.17, appendix A) contains solids
splitting data from the prototype. Six tests with a
suspended sediment concentration of about 2,400
mg/L were conducted. Each sample contained the
following mass of solids in three particle-size
ranges in 2,486 mL of water: 1.0 g of 62-125 pm,
4.5 g of 125-250 um, and 0.5 g of 250-500 pm.
This was considered a worst case scenario because
the finer particles were assumed to yield better
results. The coefficients of variation between
subsamples in each test (for the six tests) were all
in the range of 1.7 to 3.5 percent. In the test with
the poorest results, the deviation from the mean was
in the range of -4.4 to +5.6 percent.

Durham and McKenzie (1985, appendix B)
conducted an early WRD-sponsored study to
evaluate the plastic cone. They used a sand-sized
particle mixture with a concentration of 1,000
mg/L. The mixtures had the following particle size
distribution (from a visual accumulation analysis):
100 percent finer than 350 pm, 99 percent finer
than 250 um, 91 percent finer than 175 pm, 51
percent finer than 125 pm, 7 percent finer than 88
pm, O percent finer than 62 um. The coefficients of
variation for the suspended sediment concentrations
between the ten subsamples were in the range of
2.0 to 6.7 percent for five tests. The largest
absolute deviation from the mean concentration
(949 mg/L) was -101 to +76 mg/L (-10.6 to +8.0
percent). The absolute deviations in concentration
for the other four tests were considerably smaller.

Concems Related to Splitting Capabllity 9
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Figure 3. Concentrations of total suspended sediment, coarse particles, and fine particles in subsamples from
the 14-liter churn splitter. Solid horizontal lines indicate the "true" concentration. Subsamples within each group
are arranged in order of withdrawal from the churn. Data from Branch of Quality Assurance (1990, appendix B).
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Table 3. Range, mean, and median percent deviations from the known (true) suspended sediment
concentrations for subsamples from the 14-L churn (data from appendix B, Branch of Quality Assurance)

Range of percent Mean percent Median percent
deviation from deviation from deviation from
true value true value true value
Total suspended sediment  Solution A
(30% sand) ....... -13 to +10 6.9 15
Solution B
(5% sand) ........ -16 to +12 54 5
Fines (<0.063 mm) Solution A
(30% sand) ....... -6.8 to +1.1 32 29
Solution B
(5% sand) ........ -18 to +8.3 49 4.3
Coarse (>0.063 mm) Solution A
(30% sand) ....... -37 to +42 23 24
Solution B
(5% sand) ........ -28 to +65 31 29

In the same study, the investigators tested the pre-
cision of the plastic cone with a real environmental
water sample (urban runoff). They conducted three
tests that used 1,800 mL of water with a suspended
sediment concentration of about 1,700 mg/L. They
reported coefficients of variation for the suspended
sediment concentrations between the ten subsamples
were in the range of 0.9 to 1.3 percent for the total
suspended sediment concentration. The largest
absolute deviation from the mean concentration
(1,711 mg/L) was -51 to +17 mg/L (-3 to +1
percent).

Skinner and Szalona (1980, appendix B)
evaluated the cone splitter with a laboratory
mixture of coarse-grained material (sieved between
8 and 0.25 mm). They created two mixtures: a
high concentration mixture of about 239,000 mg/L

and a low concentration mixture of about 127 mg/L.

The high concentration mixture was split with a
coefficient of variation of 0.078 percent, whereas
the low concentration mixture was slightly less
precise at 4.3 percent. The researchers suggested
that this difference in error may not be due the
splitter’s performance, but rather to limitations of
the analytical balance. Each mass was read to the

nearest mg and the individual readings of mass with
the low-concentration mixture were about 20 mg.

Gray and Ferguson (1990, appendix B) evalu-
ated the cone splitter with one test of 9 L of natural
water with suspended sediment that was mostly
<63 um. The coefficient of variation for solids
concentrations in the subsamples was 3.2 percent.

The Branch of Quality Assurance (1992,
appendix B) conducted a series of tests on one
plastic cone splitter to evaluate its splitting capa-
bility. With one cone, they ran duplicate samples
of suspended sediments (about 1,000 mg/L) that
were all either < 63 pm, or 20 percent >63 pum and
80 percent <63 pm. They found that the coeffi-
cients of variation for the fine materials (1.8 and
4.4 percent) were similar to the mixture of coarse
and fine materials (2.2 and 3.2 percent). They also
observed that the variations of sediment concen-
tration within any one test were between 69 and
143 mg/L, which is equivalent to variations between
7 and 15 percent of the mean solids concentration.

All of these studies on the plastic cone splitter
are summarized in table 4.
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Table 4. Summary of five studies for the splitting
capability of the plastic cone for solids

[mg/L, milligram per liter]

Teflon Cone

The Teflon cone was evaluated for its capability
of splitting various size fractions of solids under

Approximate  Range of controlled conditions in the laboratory (Capel and
suspended coefficient Nacionales, 1995). Nine discreet inorganic particle-
Study sediment  of variation size ranges from clay to very coarse sand were
concentration  (percent) mixed with deionized water and processed through
. (mg/L) the cone at concentrations of 50 and 200 mg/L.
Quahty of Water Branch 2,400 1.7-3.5 Deviations from the known sediment concentration
technical memorandum 80.17 were generally in the range of + 6 percent. For
Skinner and Szal particles smaller than coarse sand, the coefficient of
er and Szalona, 1980 239 (1)3(7) 3;,38 variation between splits was < 7 percent. For larger
’ ) particles, the cone splitter was somewhat less
Durham and McKenzie, 1985 1,000 2.0-6.7 precise (fig. 4).
1,700 0.9-1.3 _ .
Martin (1993, appendix B) collected a sample of
Gray and Ferguson, 1990 260 3.2 river water with artificially high sand content and
) processed it through the Teflon cone splitter, analy-
Branch of Quality Assurance, 1,000 1.8-4.4 zing each split for suspended sediment concentra-
1992 tion. The sample contained sandy bottom material
50
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Figure 4. Effect of particle size and concentration of suspended sediment on the precision of the Teflon cone.
The coefficient of variation (percent) is the standard deviation of the suspended sediment concentrations in the
subsamples divided by the mean suspended sediment concentration in the subsamples, times 100. Data from

Capel and Nacionales, 1995.
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The Branch of Quality Assurance (1990,
appendix B), as discussed in section "Splitting
Capability of Total Suspended Sediment" for the
14-L churn above, evaluated the capability of the
14-L churn to split water samples containing sand-
sized and finer particles. The results for total
suspended sediment, and fine and coarse particle
concentration are shown in figure 3. Deviations
from the "true" concentrations were substantial in
some cases, due primarily to variability in coarse
particle concentrations, since the concentration of
fine particles was nearly constant in subsamples
from both mixtures. The range of deviations, and
the overall mean and median deviations for all six
trials are given in table 3. For total suspended
sediment and the fine particles, the mean and
median deviations were considerably lower (3 to 8
percent) than for coarse particles (20 to 30 percent).
High concentrations of suspended sediment were
used in these tests (20,000 mg/L). For the five
percent sand mixture, a difference of one percent in
the concentration of coarse particles in a subsample
translates to a difference in mass of approximately
10 mg, which is easily measured on an analytical
balance. Analytical measurement error should,
therefore, not be a factor in the differences observed
in the deviations of coarse and fine particles.

8-iiter Churn

No data has been found that addresses this topic
specifically for the 8-L churn splitter. Because of
the differences in geometry, any extrapolations from
the 14-L churn are tenuous.

Plastic Cone

The original documentation that introduced the
plastic cone to the WRD (QWB technical memo-
randum 80.17, appendix A) contains solids—splitting
data from the prototype. Six tests with sand-sized
solids at a concentration of about 2,400 mg/L were
conducted. In one of these tests, the distribution of
the 125 to 250 ym size-fraction was evaluated. Of
the solids in the test mixture, 75 percent were in
this range. After splitting, the average was 72.2
percent (range 70.0 to 74.6) in this range. Although
some particles appeared to be lost (probably an
analytical error), the agreement between the 10
outlets was quite good (-3.0 to +3.4 percent
deviation from the mean).

Durham and McKenzie (1985, appendix B)
conducted an early WRD-sponsored study to
evaluate the plastic cone with a real environmental
water sample (urban runoff). They conducted three
tests that used 1,800 mL of this runoff water with a
suspended sediment concentration of about 1,700
mg/L. The water contained solids that were 13
percent >63 um and 87 percent <63 pm. The
plastic cone split the fine and coarse particles with
coefficients of variation in the range of 1.3 to 2.0
percent and 4.9 to 11.2 percent, respectively. The
largest absolute deviation from the mean concen-
tration of the finer particles (1,468 mg/L) was -57
to +34 mg/L (-4 to +2 percent). The largest
absolute deviation from the mean concentration of
the coarser particles (232 mg/L) was -34 to +58
mg/L (-15 to +25 percent). Apparently, errors in
the fine particle fraction partially offset the errors in
the coarse particle fraction because the results
obtained on total suspended sediment were better
than either of the size fractions.

The Branch of Quality Assurance ran a series of
tests on one plastic cone splitter to evaluate its
splitting capability (Branch of Quality Assurance,
1992, appendix B). With one cone, they ran
duplicate samples of suspended sediments (about
1,000 mg/L) that were all <63 pm or 20 percent
>63 pm and 80 percent <63 pm. They found that
the coefficients of variation between splits of the
mixture of all fine materials (1.8 and 4.4) were
similar to those of the mixture of coarse and fine
materials (2.2 and 3.2).

Tefion Cone

In a laboratory evaluation, Capel and Nacionales
(1995) examined the effect of particle size on the
capability of the Teflon cone to reproducibly split
the particles. They used nine discreet particle-size
ranges at two concentrations. Figure 4 is repro-
duced from their study. Particles smaller than
coarse sand were split with coefficients of variation
<7 percent, but for the larger particles the splitting
is much less precise. The errors with the larger
particle sizes were attributed to one or a few grains
of sand not being split correctly.

Martin (1993, appendix B) collected a sample
of river water with artificially high sand content and
processed it through the Teflon cone splitter,
analyzing each split for suspended sediment
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concentration. The sample contained sandy bottom
material purposely mixed with river water, so that
the suspended sediment was 88 percent coarse
material (>63 um). Concentrations of fine and
coarse suspended sediment in each of the 10 splits,
and the "true" concentrations, are shown in figures
5C and 5D. The mean percent deviation from the
true concentration was + 12.5 percent (median: +
8.0 percent) for the fine material and + 5.9 percent
(median: + 4.6 percent) for the coarse material.
These results show good precision for the coarse
material. The reason for the elevated concentration
of fine material in the sample from one of the ports
is unknown.

The White River basin data described in section
"Concerns Related to Splitting Capability, Splitting
Capability of Total Suspended Sediment, Teflon
Cone", (1993, appendix B) can also be used to
evaluate the precision of the Teflon cone splitter
with respect to particle size, using natural water
samples. Of the 71 split samples, 29 pairs were
analyzed for particle size distribution (sand/silt
break) as well as for total suspended sediment
concentration. The concentrations of fine (<63 pm)
and coarse (>63 um) particles in the splits are
compared in figure 8 (note that the axes in these
plots have logarithmic scales and that the line is the
line of exact agreement). For fine particle
concentrations, the mean percent difference between
splits was 26 percent (median: 13 percent). For
coarse particle concentrations, the mean percent
difference between splits was 82 percent (median:
25 percent). These errors are greater than the errors
reported for the laboratory studies.

The South Platte NAWQA data described in
section "Concerns Related to Splitting Capability,
Splitting Capability of Total Suspended Sediment,
Teflon Cone”. (1993, appendix B) can be used to
evaluate the capability of the Teflon cone splitter to
reproduce the size distribution of suspended
sediments accurately in splits of real natural water
samples. In the 47 pairs of samples processed by
both the traditional method and with the cone
splitter, the fine particles (<63 um) ranged from 20
to 99 percent. In figure 9, concentrations of fine
(<63 pum) and coarse (>63 um) particles are
compared for the traditionally collected and cone-
processed samples, and for duplicates of the
traditional samples. The mean and median percent
difference between cone-processed and traditional
samples were 19 and 10 percent, respectively, for
the entire range of concentrations. Agreement
between the cone processed and traditional samples

was generally good for the fine particles in the
range of 25 to 300 mg/L (fig. 94). Agreement was
better between the duplicate traditional samples (fig.
9B), with a mean and median percent difference of
5 and 3 percent, respectively. Agreement on
concentrations of coarse particles was not as good
(fig. 9C). Mean and median percent differences
between cone-processed and traditional samples
were 80 and 33 percent, respectively. Agreement
between duplicate traditional samples (fig. 9D) was
also not as good for the coarse particles, with mean
and median percent differences of 33 and 22
percent, respectively. There was no apparent bias
between these two methods for fine particles
(p>0.1, signed-rank test), with a median difference
in concentration between paired samples of + 1.2
mg/L. For coarse particles, there was a slight bias
toward lower concentrations using the cone splitter
(p = 0.005 to 0.01, signed-rank test), although the
median concentration difference was only -2.0
mg/L. These data suggest that use of the D-77
sampler and Teflon cone splitter to process natural
water samples will not appreciably change the
concentration of fine particles, compared to the
results obtained from the traditional suspended
sediment method employing a D-74 sampler,
although it does appear that more variability may be
introduced. Some of this variability may be in the
collection procedure itself and not related to the
cone. For coarse particles, there does appear to be
a slight bias toward lower concentrations and more
variability using the cone splitter. Duplicates of
traditionally collected samples also show more
variability for coarse materials.

Spiitting Capabiiity as a Function of Particie
Density

There have been no studies found that examined
the ability of the devices to split particles as a
function of density. Essentially all of the studies
that have been conducted have used inorganic par-
ticles that have densities far greater than water.
Organic particles, such as algae and detritus that
have densities close to water, may act differently
when they are processed through the splitting de-
vices. The less dense organic particles would be
more likely to flow with the water and to split more
accurately and precisely than the heavier inorganic
particles, but this has not been confirmed. One
concern for the organic particles is their potential
retention on the coarse screen in the cone splitters.
Numerous field personnel have observed that the
screens can turn green during spring sampling. This
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is due to retention of filamentous algae. The effect
of this retention on the concentration of suspended
sediments would be negligible, but it would cause
lower results for particulate and/or total carbon,
nitrogen, and phosphorus.

Splitting Capability for Volume of Water
Plastic Cone

The original documentation that introduced the
plastic cone to the WRD (QWB technical memo-
randum 80.17, appendix A) contains water splitting
data from the prototype. Six tests, each using about
2.5 L were conducted. The investigators demon-
strated that the coefficients of variation for the six

tests ranged from 0.92 to 1.12 percent. They also
observed that 1.2 to 2.8 mL of water was retained
by the plastic cone. They noted a very small
systematic bias in the splitting of water by certain
outlets and suggested that this was due to slight
variations in the cone’s fabrication process.

Durham and McKenzie (1985, appendix B)
conducted an early WRD-sponsored study to eval-
uate the plastic cone. These investigators observed
that about 3 mL of water was retained by the cone
and accumulated mostly at the joint above the
splitting chamber. Using distilled water, they con-
ducted eleven tests with 2,500 mL, six tests with
250 mL, and four tests with 100 mL. The tests
using the 2,500 and 250 mL sampler of water
yielded similar results. All of the coefficients of
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Figure 9.--Continued.

variation were in the range of 1.1 to 4.5 percent. In
this series of tests, temperature was considered as
potentially affecting precision, but there was no
difference in the results of tests conducted at 4 and
24 °C. Precision was much lower for the tests
conducted with a volume of 100 mL. The
coefficients of variation between splits in the four
tests were 2.2, 2.6, 25.9, and 29.0 percent. This
would suggest that small water volumes are not
split as evenly in the cone as larger water volumes
(>250 mL). Three tests (about 1,800 mL each)
with urban runoff water were also conducted.
There was no difference in the precision of these
results (coefficients of variation: 1.2, 1.9, 2.3
percent) compared to tests using distilled water.

Gray and deVries (1984) incorporated the cone
section of the cone splitter in an autosampler and
evaluated its splitting capability. They performed
10 tests on three different cones. They found that
the volume of water in subsamples from the three
cones was between +3.5 and -4.2 percent of the
expected volume. They concluded that there was

no statistically significant difference in the
capability of the three splitters.

Skinner and Szalona (1980, appendix B) tested
the water splitting capability of one plastic cone
splitter with two tests using about 2.5 L of water in
each. They found that the coefficients of variation
between the water volumes in splits were 4.2 and
4.9 percent.

In another study, Gray and Ferguson (1990,
appendix B) evaluated a plastic cone splitter for its
effectiveness in splitting water and solids evenly.
They found that the water was split with an accu-
racy of -5 to +6 percent of the mean. They also
found that the errors in water volume splitting were
greater in a dry cone then in one that was pre-wet.
They concluded that the cone should be pre-wet
before use. They also observed that the deviations
from the mean water volume showed a consistent
pattern. All of the outlets with a negative bias were
located adjacent to each other and all of the outlets
with a positive bias were located adjacent to each
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other on the other side of the cone. This will be
discussed further in the section on the effects of
leveling on cone splitter performance.

The Branch of Quality Assurance ran a series of
tests on the plastic cone splitter (1992, appendix B).
They ran a total of five tests on two cones in which
they added about two L of water and measured the
volume of water from each outlet. The two cones
did not yield comparable results in terms of
precision. One cone yielded coefficients of
variation of 2.6, 2.8, and 3.0 percent, whereas the
other cone yielded results of 7.2 and 6.0 percent.
The reason for these differences are is known.

They could be due to leveling, different operators,
or inherent differences between the two cones. The
investigators in this study also noted that one outlet
from each cone almost always yielded the
maximum volume.

Teflon Cone

Capel and Nacionales (1995) examined the
capability of the Teflon cone to reproducibly split
water. They processed replicates of 0.6, 0.8, 1, 4,
6, 8, and 9 L of water through the cone splitter (see
section "Concerns Related to Splitter Operation;
Teflon Cone"). They combined the outlets into
various configurations and processed replicate water
samples (see section "Effects of Combining Ports
from the Cone Splitter; Teflon Cone", below).
Replicate samples of water were poured at one
fixed location on the cone and from various sides of
the cone. These variables had no significant effect
on the cone’s capability to split the water evenly.
For all of these replicate experiments, they observed
that the mean of the coefficients of variation ranged
from 2.5 to 5.2. This is the same range observed
for the plastic cone splitter.

Martin (1993, appendix B) found that the
volumes of subsamples split in the field were
somewhat less precise (fig. 34). In 10 splits of a
water sample with high sand content, the deviations
from the mean volume averaged + 6.8 percent with
a coefficient of variation of 8.5 percent.

Splitting Capability as a Function of
Particuiate and "Total" Chemicai
Concentrations

There has been essentially no work performed
to measure the capability of the various devices to

split particulate or "total" chemical and biological
constituents effectively. This issue is critical in
describing their overall effectiveness. It is well
known that many particle-associated chemical
constituents, particularly trace elements and
hydrophobic organic chemicals, are associated with
the finer particles in aquatic systems. Also, many
biological particles (living and dead) and, therefore,
particulate carbon, nitrogen, and phosphorous are
<63 um. Since both types of splitters seem to split
the finer particles effectively, it appears that the
splitting of particulate-associated chemicals is
probably just as effective. This has yet to be
documented by experiment, however.

Spiitting Capabiiity as a Function of
"Dissolved" Chemicai Concentrations

There has been essentially no work done to
measure the capability of the various devices to
split dissolved constituents effectively, but of all of
the factors listed in table 2, this is probably the
least significant. From fundamental chemical
principles, the splitting of a solution should not
affect the concentration of dissolved constituents,
other than the concerns specifically addressed in the
last sections on creation of chemical artifacts.
Supporting anecdotal data can be gleaned from
Patton and Triutt (in press). In a preservation study
of dissolved nutrients, they split samples 10 ways
with a plastic cone splitter and found no statistical
difference in the sample concentrations in splits
held for various periods of time. This suggests that
the splitting of the sample had no effect on the
dissolved concentrations.

CONCERNS RELATED TO SPLITTER
OPERATION

Use of Muitipie Spiitters of the Same Type
by Same Operator

14-liter Churn

The Branch of Quality Assurance (1990,
appendix B) evaluated the effectiveness of two
different 14-L churns to split water samples
containing sand-sized and fine particles. The results
for total suspended sediment and fine and coarse
particle concentration are shown in figure 3. With
solution A (30 percent sand), there was a marked
difference between the two churns, for both total
and coarse particle concentrations. Concentrations
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in subsamples from churn 1 were nearly all below
the expected concentration, while subsamples from
churn 2 were all above. The deviations were due
almost entirely to the deviations of the coarse
particle concentrations, as the concentrations of the
fine particles were nearly constant regardless of
which churn was used (although lower than the
expected concentration). A difference between the
churns was not obvious with subsamples of solution
B, in which the sand content of the sediment was
only five percent. Unfortunately, records did not
indicate whether the churns were operated by more
than one person. Thus, it is not possible to rule out
human factors as a possible explanation for the
variation observed (which would be an indication of
a separate problem).

8-liter Churn

No data has been found that addresses this topic
specifically for the 8-L churn splitter.

Piastic Cone

Gray and deVries (1984) incorporated the cone
section of the cone splitter in an autosampler and
evaluated its splitting capability. They performed
10 tests on three different cones. They found that
the volumes of water in subsamples from all three
cones were between +3.5 and -4.2 percent of the
true volume of water. They concluded that there
was no statistically significant difference in the
results from the three splitters.

The Branch of Quality Assurance (1992,
appendix B) ran a series of tests on the plastic cone
splitter. The Branch ran a total of five tests on two
cones in which they added approximately two L of
water, then measured the volume of water from
each outlet. The two cones did not yield
comparable results in terms of precision. One cone
yielded coefficients of variation between splits of
2.6, 2.8, and 3.0 percent, whereas the other cone
yielded results of 7.2 and 6.0 percent. The reason
for these differences are not known. They could be
due to leveling, different operator handling of the
cone, or minor physical differences between the two
cones. The investigators in this study also noted
that one outlet from each cone almost always
yielded a maximum volume compared with the
other outlets.

Teflon Cone

In the study by Capel and Nacionales (1995),
two Teflon cones were compared at one range of
particle size (38 to 63 um) and a particle
concentration of 200 mg/L.. The deviation from the
mean suspended sediment concentration ranged
from -6.8 to 7.7 percent for the first splitter and -
9.5 to 10.4 percent for the second splitter. The
coefficients of variation were 5.2 and 7.7 percent,
respectively. The authors concluded that there was
little systematic difference in the precision of the
two splitters. They also observed no difference
between the coefficients of variation for one splitter
tested with solutions of silt and clay particles in
three size ranges, and for another splitter tested with
six silt and sand particle sizes. The results from
these two cones agreed well. However, since these
devices are individually machined, resulting in
possible physical differences between individual
cones, the degree to which this observation can be
generalized for all Teflon cones is unknown.

Use of the Identical Splitter by Different
Operators

Churn Spiitters

Although there is no data found that specifically
addresses this issue, it is worth noting that the
capability of the churn to consistently split solids
with equal results is very operator dependent. In
early work on the development of the churn,
Delaney and Ong (personal communication) write,
"The sample is mixed with a rate of one round trip
stroke per second when the tank volume is 10 - 14
L. As the tank volume decreases, the stroke rate
should increase so that the paddle velocity remains
the same. The paddle should touch the bottom of
the tank on every stroke. Stroke length should be
as long as possible without breaking the water
surface. IMPORTANT: Failure to use a full stroke
while mixing the sample can produce very
erroneous results in the representative subsamples."
Apparently from this work, the QWB technical
memorandum 78.03 (appendix A) states that "tests
have indicated that it is very important that a
chumning rate of about nine inches per second be
established and maintained during the sample
withdrawal procedure. When faster or slower
churning rates were used, maximum errors of about
3: 45 to = 65 percent were observed, as compared
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with maximum errors of about + 8 to + 15 percent
when using the nine in/sec rate." Such observations
and warnings suggest that the results obtained from
the churn could be extremely operator dependent.

Cone Spilitters

No data has been found that addresses this topic
specifically for the cone splitters.

Leveiing Effects on Cone Spiitter

Capel and Nacionales (1995) stated that "equal
splitting of the water and solids is based on the
premise that whatever falls on the center point of
the cone has an equal chance of making it to any of
the 10 outlet ports. If the cone splitter is not
leveled, then the chance of the water or solids
exiting from the down-side ports will be greater
than the up-side ports and the cone will not work
effectively.” Some of the systematic variations
from adjacent ports observed in the water and solids
splitting capability may be due to artifacts created
by a non-level cone splitter (QWB technical
memorandum 80.17). Figure 10 illustrates the
results of Gray and Ferguson (1990, appendix B)
from tests on the water splitting capability of the
plastic cone. It can be seen that the deviations from
the mean volume show a consistent pattern, with all
of the outlets showing a negative bias located
adjacently and all of the ports showing a positive
bias located adjacently. The quantitative effects of
leveling on the splitting of water, chemicals, and
solids need to be determined and written into future
protocols on the use of the cone splitter.

Effects of Totai Processed Water Voiume
14-liter Churn

No data has been found that addresses this topic
specifically for the 14-L chumn splitter. It is
common practice within the WRD to sample only
several L. and allow at least 4 L to remain in the
churn unused.

8-iiter Churn

No data has been found that addresses this topic
specifically for the 8-L churn splitter.

Piastic Cone

One of the original motivations in the develop-
ment of the cone splitter was the need to split small
volumes of water (QWB technical memorandum
80.17, appendix A). Although no data were
presented, it was assumed that the cone would yield
precise results over a wide range of water volumes.

Durham and McKenzie (1985, appendix B)
conducted a study to evaluate the plastic cone.
Using distilled water, they conducted eleven tests
with 2,500 mL, six tests with 250 mL, and four
tests with 100 mL. The tests with 2,500 and
250 mL of water yielded similar results. All of the
coefficients of variation between splits were in the
range of 1.1 to 4.5 percent. Precision was much
lower for the tests conducted with a volume of
100 mL. The coefficients of variation of these four
tests were 2.2, 2.6, 25.9, and 29.0 percent. This
would suggest that small volumes of water are not
split as effectively in the cone as larger volumes
(>250 mL).

Tefion Cone

Capel and Nacionales (1995) examined the
effect of total water volume on the capability of the
device to split water consistently with similar
results. They processed replicates of 0.6, 0.8, 1, 4,
6, 8, and 9 L of water through the cone splitter and
found that the mean coefficient of variation for all
of the volumes were very similar (3.2 to 4.9
percent).

Effects of Sequentiai Aiiquots from Churn
Spiitter

The Branch of Quality Assurance (1990,
appendix B) evaluated the effectiveness of two 14-L
chumns to split water samples containing sand-sized
and fine particles. The results for total suspended
sediment, and fine and coarse particle concentration
are shown in figure 3. Concentrations showed a
statistically significant (o = 0.1) negative trend with
subsample withdrawal order in several of the trials,
using both parametric regression and the non-
parametric Kendall’s tau test. For churn 2, both the
total mass and the mass of coarse particles
decreased with successive withdrawals for both
sediment mixtures used. For churn 1, concen-
trations of coarse particles in subsamples of solution
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Figure 10. Relative volumes of water between the ten splits from a plastic cone for four trial runs.

B (five percent sand) showed a significant negative
trend with withdrawal order in one of two trials.
To confound matters, subsamples from churn 1,
solution A, had increased concentrations of both
total and coarse particles, although the trend was
not quite statistically significant (p = 0.13). There
was no noticeable trend in fine particle concen-
trations with either churn, implying that the
observed trends in total concentrations were
primarily due to coarse particles.

Effects of Combining Ports from the Cone
Splitter

The idea that tubes from more than one port
may be directed to one sample bottle was originally
suggested in the first QWB technical memorandum
(80.17) on the cone splitter. This procedure has
been subsequently repeated in a WRD field protocol
manual (Ward and Harr, 1990). Although no early
data has been found to verify this practice, the
precaution that there must be no additional back-

pressure resulting from restriction of flow is always
given.

Piastic Cone

No data was found that examined the effect of
combining the ports on the plastic cone splitter, but
from the data discussed in the following section for —
the Teflon cone, it can be assumed to have little
effect on the volume of splits.

Teflon Cone

Capel and Nacionales (1995) examined the
effect of combining ports. They combined the 10
ports to produce an eight-way split (combined two
sets of two ports), a five-way split (combined five
sets of two ports), and a three-way split (combined
two sets of three ports and one set of four ports.)
They reported that the coefficients of variation
between volumes of water in the splits were no
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different when ports were combined compared to
when ports were not combined. The effect of
combined ports on the splitting of solids was not
examined.

CONCERNS RELATED TO INHERENT
CREATION OF CHEMICAL ARTIFACTS

Creation of Artifacts in Particle Size
Distribution

Particles often flocculate and coagulate in
natural waters. The turbulence within the splitters,
especially the churn splitters, could disrupt these
aggregates and create an artificial particle size
distribution. This has not been addressed in any
studies reviewed here. From the study by the South
Platte NAWQA (1993, appendix B, figure 7), the
agreement between the traditional- and cone-
processed samples suggests that this may not be a
significant problem from mass considerations. The
major implications of the disruption of natural flocs
would be reflected in the potential changes in water
chemistry, particularly in the "dissolved" and
"particulate" distributions of chemical constituents.

Gain/Loss of Chemical Due to Air/Water
Transfer

In all of the devices, the water sample is mixed
and exposed to the atmosphere. From the early
documents (QWB technical memorandum 78.03,
appendix A), it was advised that dissolved oxygen
measurements should not be made on a churned
sample because of the possible addition of oxygen
to the water. There has also been an undocumented
rule that water samples that are to be analyzed for
volatile organic chemicals should not be processed
through cone or churn splitters to avoid loss of the
chemicals from the water. The potential for loss of
organic chemicals from splitter-processed water may
also apply to semi-volatile compounds with
relatively high Henry’s Law constants (> 107
atmosphere-meter’/mole; Thomas, 1990). This group
would include many of the polychlorinated biphenyl
congeners and some of the polyaromatic hydro-
carbons, as well as elemental mercury. This
potential problem has not been previously reported.

SUMMARY OF THE INTERPRETATION
OF EXISTING DATA

14-liter Churn

The existing information on the 14-L churn
splitter does not provide a firm understanding of
any aspect of its evaluation. There is a strong
indication that it can be adequately cleaned in the
laboratory for pg/L concentrations of dissolved
inorganic constituents. There is an even stronger
indication that it will not adequately process sand-
sized particles to yield representative subsamples,
but it seems to be able to process finer particles
with much less error.

Many questions remain unanswered on the
overall usefulness of the 14-L churn splitter. The
capability to be cleaned adequately and consistently
in the field and the capability to be cleaned for
particulate and "total" chemical constituents must be
addressed further. In terms of splitting capability,
tests need to be done with environmentally
reasonable particle concentrations for a number
of different churns by a number of different
operators. The questions regarding introduction of
chemical artifacts during processing also remain
unanswered.

The 14-L churn has gained widespread
popularity in the WRD due to ease of use and
versatility. It appears, from the available data, that
this churn is capable of processing fine (silt and
clay) particles and, most likely, dissolved
constituents to yield representative subsamples.

Limitations on the usefulness of the 14-L churn
include its lack of producing equal results during
splitting and its inadequacy in processing sand-sized
particles, including chemical constituents associated
with these particles. Due to its construction
material, it is limited to processing water to be
analyzed for inorganic constituents. It cannot be
used for water that will be analyzed for organic
chemicals, including dissolved and particulate
organic carbon. The size of the 14-L churn makes
it difficult to sterilize, limiting its use for bacterial
analysis as well. The size of the churn also limits
the composited sample that can be collected for
water quality analyses to about 8 to 10 L.
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8-liter Churn

The 8-L churn, like the 14-L churn, has gained
widespread popularity in the WRD due to ease of
use and versatility. There were no studies reviewed
in this report that evaluated the 8-L churn. All
information presented here is extrapolated from
findings on the 14-L churn. For some aspects, such
as cleaning efficiency, this approach is probably
adequate. For concerns about the solids processing
capabilities, however, extrapolation would be very
tenuous due to the different geometries of the two
devices. All aspects of the capabilities of the 8-L
churn seem to be wide open to questions. The
limitations on the use of the 8-L churn include all
of the items mentioned for the 14-L churn and
probably other items that are presently unidentified
due to lack of data.

Plastic Cone

. The existing information on the plastic cone
splitter gives a better understanding of its range of
usefulness than does existing information on the
churn splitters. Many tests by numerous
investigators discussed earlier indicate that the
plastic cone, when used in a laboratory setting, can
produce precise and accurate subsamples in terms of
water volume and suspended solids concentration.
The plastic cone works about as well for sand-sized
particles as it does for finer particles.

Many questions remain unanswered and must be
addressed before an overall evaluation can be made.
There have been no studies that evaluated the
cleaning of the plastic cone for low-level (ug/L)
concentrations of trace elements and nutrients.

Field tests of the plastic cone are also lacking.
Since leveling of the cone is an important factor in
its overall performance, the issue of leveling in the
field must be thoroughly addressed.

The plastic cone has gained only limited
popularity in the WRD due to its awkwardness in
the field. In general, however, the plastic cone
seems to yield superior subsamples over a broad
range of particle sizes, compared to the churn
splitters.

Limitations of the plastic cone include its
awkwardness when used in the field and its
unsuitability for water samples that are analyzed for
organic chemical constituents. From the data
reviewed in this report, it appears that the plastic

cone has the same splitting capability as its Teflon
counterpart, but with less versatility with respect to
the number of analytes for which it can be used.

Teflon Cone

The existing information on the Teflon cone is
perhaps the most extensive of the devices reviewed
here. When used in a laboratory setting, the Teflon
cone can yield precise and accurate subsamples in
terms of water volume and suspended solids con-
centrations. The Teflon cone seems to work well
for particles ranging in size from very fine clay and
silt (1 to 10 pm) to medium coarse sand (125 pm),
but it loses its precision when used with larger
particles. Early results indicate that it can be
adequately cleaned in the laboratory for both trace
organic chemicals and trace elements. However,
many important questions remain unanswered, both
in field use (see the previous section on the plastic
cone) and laboratory and field cleaning.

The Teflon cone has gained wide popularity
within the WRD for research that involves analysis
of water samples for organic chemicals. Because of
its construction material, the Teflon cone is the only
one of the four splitting devices that is able to
process water samples for the complete suite of
chemical constituents (except volatile organic
chemicals). In all other aspects, the Teflon cone
appears to yield results comparable to those of the
plastic cone.

Limitations on the usefulness of the Teflon cone
are largely due to its awkwardness when used in the
field. To obtain numerous water samples of
varying sizes from one site, sampling personnel
often composite water samples in a vessel first, or
repeatedly pour samples through the cone. Both of
these procedures are potential sources of chemical
and biological contamination and may introduce
errors in the splitting of solids. The details of the
field cleaning procedure and use of the Teflon cone
must be examined and a more precise protocol
written and adhered to before this device can be
fully evaluated.

CONCLUSIONS

The proper evaluation of the water sample
splitting devices encompasses a wide variety of
concerns, both chemical and physical. This report
attempts to survey and interpret existing data and
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present it in a systematic framework. From the
existing data, a few of the concerns are adequately
addressed, a few more are partially addressed, many
more can be estimated by extrapolation, but the
majority of the concerns cannot be addressed in this
report. The conclusions in this report summarize
and review the existing information in a useable
manner. Based on this review, however, it appears
that new studies are definitely required to fully
evaluate the splitting capability (water, solids, and
chemicals) of the four devices and to address the
issues of contamination and cleaning.

In general, the existing cleaning and transport
protocols are adequate at the mg/L level, but the
adequacy is largely unknown for trace elements and
organic chemicals at lower concentrations. The
existing data suggests that better results are obtained
when the splitters are cleaned in the laboratory
rather than in the field. Preliminary data indicate
that the Teflon cone can be adequately cleaned for
both trace elements and organic chemicals.

The splitting capability for solids is ultimately
the most important concern from both a physical
and chemical (particulate and "total") perspective.
If natural variability among replicate samples for
concentration of suspended sand is about 10
percent, and of suspended finer materials is about 3
percent, then most of the errors observed in the
laboratory evaluations for both the churn and cone
splitters are encompassed by or close to this natural
variation, with the exception of sand in the churn
splitter. The errors associated with the field tests
are commonly greater than the errors in the
controlled laboratory tests. Two conclusions that
can be reached on the splitting capability of solids
are that more work must be done on all four
devices to characterize and quantify their limitations
and ranges of usefulness, and that the 14-L churn
(and by association, the 8-L churn) is not useful in
obtaining representative splits of sand-sized
particles.
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GEOLOGICAL SURVEY 4351 6016

RESTON, VIRGINIA 220902 QW Branch .
May 12, 1976

QUALITY OF WATER BRANCH TECHNICAL MEMORANDUM NO. 76.17

Subject: WATER QUALITY--Sampling mixtures of water and suspended
sediment in streams

As a result of District reviews, the Quality of Water Branch has
become more aware that principles and methods for sampling mixtures
of water and suspended sediment in streams are not well understood
and, therefore, are not always followed properly. Although proper
methods generally are used in collecting representative samples for
determination of suspended-sediment concentration and particle-size
distribution, they often are ignored when it comes to collecting
representative samples for chemical analyses of mixtures of water
and suspended sediment (so-called whole-water, or unfiltered samples).

Several districts have issued field 1nstruct10ns dealing with methods
~ for collecting samples for analysis of mixtures of water and suspended
- sediment. The subject will be covered fully in a TWRI chapter on

collection of samples for water-quality determinations (now in

preparation). In the meantime, I ask that all Districts review their
field instructions and practlces to see that they conform to the

followlng guidelines.

PRINCIPLE

All samples to be analyzed for determination of "total" concentrations
of constituents in the mixture of water and suspended sediment are to
be coilected in such a manner that they will best represent the water

being transported by the stream.

METHODS WHERE SAND-SIZE SEDIMENTS ARE IN TRANSPORT

When turbulence and mean stream velocities are great emough to support
the transport of sand in suspension [generally greater than about 2 ft/s
(0.6m/s)], sampling for mixtures of water and suspended sediment must
be done using appropriate sediment-sampling equipment and techniques.

In descending order of accuracy, these methods are:
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1. Equal-transit-rate (ETR),

2. Equal-discharge-increment (EDI),
3. Multi-vertical, and

4. Single-vertical.

Equal-transit-rate method.--This method ytields the most accurate sample
of the streamflow. ‘It requires the collection of depth-integrated
samples at 10 to 25 verticals in the cross section (F.I.A.S.P., 1963,
p. 41). Guy and Norman (1970, p. 40) discuss this method and the
conditions under which fewer than ten verticals may be sampled. For
example, for smaller streams or when thezratio of vslocity squared to
depth, V°/D, is less than about 1.2 ft/s® (0.37 m/s“) as few as three
verticals may yield an acceptable sample. _—

Equal-discharge-increment-method.--The EDI method is more complex,. and
generally requires a better knowledge of the flow conditions prior to
sampling. Two to ten verticals generally are sampled in this method
(F.I.A.S5.P., 1963, p. 41). Guy and Norman (1970, p. 31-32) describe

in detail how centroids of equal-discharge increments of flow may be
determined. Sampling by this method may yield samples equal in accuracy
to the ETR method if samples of equal volume are collected at each

eentroid of flow.

Multi-vertical method.--The basis for selection of the number of verticals
to be sampled is mainly intuition. Generally, two to five depth-
integrated samples are collected in the cross section--usually, only
thrce verticals. Discussion and guidelines for this method are found

in the manual by Guy and Norman (1970, p. 30) and in F.I.A.S.P. (1963,

p. 39-40) Report 14.

Single vertical method.--Next to automatic pumping-type samplers, this
method 1s the least accurate. It is the last resort, but its usc may

be necessary under extreme conditions such as rapidly changing stage.

Guy and Norman (1970, p. 27-30) discuss this method and its many short-
comings in relation to the more accurate ETR and EDI methods for sampling

of streamflow transporting sand-size sediments.

Remember that standard depth-integrating sediment samplers should not
be used to sample depths greater than about 15 ft (4.6 m) (Guy and
Norman, 1970, p. 24; F.I.A.S.P., 1963, p. 44). Point-integrating
samplers should be used to sample depths greater than 15 ft (4.6 m).
All district water-quality specialists should be thoroughly familiar
with the two references referred to in this discussion.
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CONDITIONS OF LOW VELOCITY

When mcan stream velocities are low [less than about 2 ft/s (0.6m/s)]
and thc flow is tranqil, generally only fine silt- and clay-sized
particles are in suspension, and sediment concentrations do not vary
greatly either vertically or laterally. Furthermore, s$tandard
suspended-sediment samplers do not fill properly at velocities less
than about 1.5 ft/s (0.5m/s) (OWDC, p. III-18). When such conditions
are documented at a site by discharge measurcments, it usually is
acceptable to collect depth-integrated samples using open-mouth
bottles. The open-mouth bottle commonly used is a narrow-mouth

. bottle, usually onc litre or more in size. It should be weighted so
that it will sink readily to the bottom, taking in sample on the trip
from the surface to near the bottom and back to the surface (Brown
and others, 1970, fig. 2; Beam, 1973). There still is a need for a
more suitable sampler for deep, slowly moving rivers.

Open-niouth bottles used as samplers should be filled by lowering and
raising at several verticals in the cross-section in order to best
sample the vertical and lateral variations in water quality that
frequently. exist in slowly moving waters. Here again, the number of
verticals sampled is largely a matter of intuition, realizing that
large variations in the water quality in the cross section will require
sampling at more verticals than if little variation exists.

COMPOSITING

Samples from several verticals should be composited and then split

into fractions for various types of .field treatment and for different
laboratory analyses. This is easily accomplished using a large clean
jug or bottle. -Care shkould be taken to try to assure uniform mixing
and withdrawal of representative aliquots. A new churn-type sample
splitter has been developed, tested, and ordered; a limited number will
. be available to field offices within the next few months. Samples for
bacterial determination or for analysis of sediment concentration and
particle size analyses should not be composited, but should be left in
the original collecting bottles. Obviously, samples for chemical analyses
should not be composited if separate analyses at different p01nts or
verticals in the cross-section are desired.
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SAMPLING FOR DETERMINATION OF PESTICIDES

Special 1-pint, borosilicate, screw-cap, glass bottles must be used

to collect samples of mixtures of water and suspended sediment for
determination of pesticides and organics. These bottles are stream-
lined versions of the standard sediment (milk) bottles. Use only
freshly cleaned bottles that have been supplied by the Central
Laboratory or EPA pesticide laboratory. These bottles are to be

used in standard depth-integrating or point-integrating suspended-
sediment samplers fitted with metal or teflon/nylon nozzles and

silicone rubber gaskets. Bottles.are to be filled to the shoulders
(standard sediment practice; Guy and Norman, 1970, p. 28-29) and are

not to be composited or transferred. The bottles should be labeled

to indicate the vertical (station) in the cross-section where the .
sample was collected. For low-velocity strcams where open-mouth sampling
can be conducted, samples may be collected as described in the earlier
section of this memorandum on '"conditions of low velocity.! Care should
be taken to avoid touching the lip of the sample container, and to
collect the sample upstream from the body when wading.

A NOTE REGARDING FILTERED SAMPLES

Samples for determinations of "dissolved" constituents are filtered in
the field. Usually it is assumed that solutes are well mixed through-
out a cross-section, and therefore, require somewhat less care in
sampling than do mixtures of water and suspended sediment. However,
non-uniform chemical quality frequently exists in places such as
estuaries, slack-water pools, below dams, and below tributaries, and
an assumption of a well mized system should be used with caution.

As a general rule, unless one has measurements to show that chemical
quality of the constituents being sampled is relatively uniform

(range in variation of specific conductance no more than 10 percent)
throughout a cross-section for flow conditions experienced, it is
best to use caution and'apply the same practices that are recommended
for mixtures of water and suspended sediment.

CHOICES OF CONTAINER MATERIALS

Instructions issued by the Central Laboratories ("Ccntral Laboratory
Parameter List'") specify the types of containers to be used for the
shipment of samples to the laboratories. The types of container
materials specified are intended to prevent contamination of the
samples by their shipping containers. In general, specifications call
for the use of containers made of materials different from those of
the particular constituent for which the lab is to analyze. For
example, plastics are used for inorganic samples (special acid rinsing
for trace metals), and glass is used for organics.
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These same principles of selection of non-contaminating materials
apply also to every piece of equipment that touches the sample,
including the sampler nozzle and gasket, and the compositing container.
Plastic (teflon or nylon) nozzles should be used when sampling for
determination of inorganics; metal nozzles are preferable for
determination of organics, although contamination from teflon or

nylon probably is minimal if the nozzles have been carefully cleaned.
Care should be taken to use silicone rubber gaskets when sampling

for determ1nat1on of trace metals or organics. Samples collected

for inorganic analyses should be composited in elean plastic containers
(acid-rinsed for tracc metals). Samples collected for organtc analyse<
should be composited in elean glass containers.
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COMMENTS INVITED

I hope that every District will review the practices being used by
all of its field people, and will bring this memorandum to the
attention of every field person. Your comments regarding the recom-
mendations and instructions contained in this memorandum are invited.
Please contact your Regional Water Quality Specialist or write to me

through him.
A‘"LJL/

R. J. Pickering
Chief, Quality of Water Branch

~

WRD ‘Distribution: A,B,S,F0,PO
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United States Department of the Interior

GEOLOGICAL SURVEY 4351-6016
RESTON, VIRGINIA 22092 ~ QW Branch

August 16, 1976

QUALITY OF WATER BRANCH TECHNICAL MEMORANDUM NO. 76.24-T

Subject: EQUIPMENT § SUPPLIES: Sample Splitter for Water-Sediment
Samples

Within the next few months, all offices that are involved in the

collection of water-quality samples under the NASQAN program will
be receiving a new type of sample splitter to be used on site to

split samples into the various containers required by the Central
Laboratories system. The attachment to this memorandum describes
the USGS Churn Splitter and presents procedures to be followed in
splitting composited samples.

Research and development of this splitter was carried out for the
Quality of Water Branch by Jack Dewey, assisted by Bruce Delaney and
Kim Ong of the New Mexico District. Experiments have shown that if
proper procedures are followed splits of samples containing up to
5000 mg/1 sand (coarser than 0.062 mm) can be obtained to within

+ 10% of the true concentration.

Splitters are being furnished at this time for use at all NASQAN
sites; however, we recommend that they also be used whenever water-
sedlment sample splitting of large composit samples is required in
the field or laboratory. We plan to have smaller versions (2 gallon
or smaller) available within the next few months.

Those who receive these splitters will find a copy of the instructions
inside. After delivery of the instructions to the manufacturer,
however, we revised the 2nd paragraph of page 2 and the spelling of
"liter."

Because this is the first model, we will welcome comments regard1ng
its wuse and/or improvement.

. ) A
f”f;;zzf;7ﬁz¢>4-4ﬂﬁ*’q’
%‘ R. J. Pitkering
Chief, Quality of Water Branch

Attachment

WRD Distribution: A, B, FO, PO
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Proccdures for Subsampling Water-Sediment Mixtures
(14-Liter Churn Splitter)

General - The water-quality laboratory may requirec 4 to 16 subsamples
of a representative cross-section sample of the water-scdiment mixture
(strcamflow) for water-quality analyses. The cross-section sample is
collccted in l-pint or l-quart bottles using suspended-sediment samplers
at no fewer than three and preferably eight to ten verticals (ETR or

EDI techniques). These samples arc composited into one single representative
cross-scction sampie of the streamflow. This composited sample can
then be split, using the churn splitter, into the required 4 to 16
representative subsamples as exaplined under Prccedure. Samplcs
collected for orqanic analyses (c.g organic carbon, pesticides) should
not. be- camposzted in this container becuase of the possibility of
contamination from the plastic.

14-Liter churn splitter - The churn splitter is a 1/4 inch thick poly-
ethylene cylinder, 10 inches in diameter and 12 inches deep with a 1id.
It has been manufactured for the Survey by a commercial manufacturer.
The valve and spout are polypropylene. The stirring disc is a 3/8 inch
thick polyethylene disk, 9-15/16 inches in diameter with 16 holes,

8 as scallops in-the outer edge and 8 in an inner circle. The handle,
a l-inch diamcter by 18-inch long polyethylene rod, is welded perpendi-
cular to the center of the disk and supported by four ribs. A small
"1ip" on the disc aligns with the valve, -and a guide notch and rib

are provided to maintain the correct alignment. Replacement valves

and spouts are available from the Quality of Water Branch.

Procedure - This procedurc requires a total sample volume of 8 to 14
liters, of which 4 to 10 liters are suitablc for water-scdiment mixture
subsamples. The remaining 4 or more liters may be used for filtered
subsamples if required by the analytical schedule. If not, they may
be discarded. This size churn splitter dees not reliably produce
representative water-sediment mixture subsamples when it contains less
than about 4 Zzters.

Before starting to collect the representative samplc of the streamflow,
label all the subsample containers to be uscd and determine the total
sample volume needed. Add to this.sample volume at least 10% to cover
filter losses and spillage. It is less frustating to throw away a small
amount of sample than to have to go back and collecct another cross-
section sample.

Collect approximatcly one liter of water and thoroughly rinse the
churn splitter.
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Represcentative samples of the strcamflow are collected by using standard
EDI or ETR sampling tcchniques as described in "Ficld Methods for
Measurcment of Fluvial Sediment' TRI Book 3, Chapter C2. Specific
samplc volumes cannot be obtained with sediment samplcers, but properly
collccted pint bottles (approximately two-thirds full) will yield about
1/3 liter each. Only one sediment sample bottle is used over and

over again in collecting the cross-section samples in order to minimize
the amount of sedimcnt lost in transferring samples from the bottles

to the churn splitter. Each time the bottle is filled, thc sample is
poured into the splitter and the bottle is used again so that each
succecding sample washes the sediment left from the previous one into
the splitter. Remcmber that the volume to be used for water-sediment
mixturc subsamples must be "on top of'" the 4 liters of samplec in the
tank from which representative water-sediment mixture subsamples

cannot be obtained.

Suspended-sediment concentration should always be determined whenever
a sample is analyzed for total concentrations of chemical constituents.
The sample for determination of suspended-sediment concentration can

be collected (1) as a separate cross-section sample as if no other
sampling were required, or (2) it may be obtained as a single-bottle
subsample from the churn splitter if the amount of sediment in a single
bottle appears to be sufficient for thc lab to obtain accurate weights of
both the fine and sand fractions. The fieldman can decide whether

(1) or (2) will be used by looking at the first bottle collected to see
whether an appreciable amount of sand settles to the bottom of the
bottle within 20 to 30 seconds; if so, (2) can be used. If in doubt,
always use alternative (1).

When the required volume plus 10% for waste is in the churn splitter,
place all water-sediment mixture subsample containers within easy
reach, so that once started the stirring can be continuous. The sample
should be stirred at a wniiform rate of approximately nine (9) inches

per seccond. As the volume of sample in the tank decreases the round

trip frequency should increase so that the churning disc velocity remains
the same. The disc should touch the bottom of the tank on every stroke,
and the stroke length should be as long as possible without breaking

the water surface. Beforc using the sample splitter for first time,
practice this stroke using tap water. Observe that, as the stroke length
and/or disc velocity is increased beyond thc recommended rate, there is

a sudden change of sound and churning effort which is accompanied by

the introduction of excessive air into the mixture. The introduction

of excessive air into the sample is undesirable because it may tend to
change the dissolved gases, bicarbonate, pH, and other characteristics.
On the other hand, inadequate stirring may result in non-representative
subsamples.
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The samplec in the splitter should be stirred at the uniform churning
rate for about 10 strokes prior to the first withdrawal to cstablish
the desired stirring ratec of nine (9) inches per second and to assure
uniform dispersion of the suspended mattcr. The churning must be
continuous during the withdrawals; thercforc, if a break in withdrawals
is necessary, the stirring ratc must be reestablished before continuing
the withdrawals.

When all of the required water-sediment mixture subsamples have becen
obtained, the remaining portion of thc samplec is used as necessary

for the filtered samples. It will be advantageous to allow the sediment
to scttle out in the mixing tank for a few minutes before pouring the
sample into the filter apparatus. When all of the necessary filtcred
subsamples have been obtained, the mixing tank, churning disc and filter
apparatus should be clcaned thorcughly with deionized water. If
deionized water will not remove all of the residue, clean by using a
small amount of a detergent such as Alconox, rinse with a weak acid
solution ( 4 ml of nitric acid per liter of water), rinse repeatedly
with tap water, and then rinse with deionized water.

Equipment not furnished - 1. A stand to support the mixing tank that
will allow the subsample containers to be placed under the spout.

2. Small supports to hold various sizes of subsample containers such
that the top or cpening is at or ncar the mixing tank spout.

NOTE :When used in compositing samples collected from a bridge or
roadway the 1id should be kept cn at all times except when pouring
sample, in order to protect sample from dust contamination.
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United States Department of the Interior

GEOLOGICAL SURVEY
e . 4351-6016
RESTON, VIRGINIA 22092 QW Branch

December 13, 1976

QUALITY OF WATER BRANCH TECHNICAL MEMORANDUM NO. 77.01

Subject: EQUIPMENT AND SUPPLIES: Sample Splitter for Water-Sediment
Samples.

Recently, new USGS Churn Splitters were distributed to WRD field offices
on the basis of one splitter to each office that operates NASQAN stations.
Unfortunately, we underestimated the count and were about six short; the
shorted offices will be supplied as soon ‘as more splitters are’ received.
Districts requiring additional splitters should contact the Branch.

INSTRUCTIONS FOR USE OF SPLITTERS

A set of "Procedures" was included with each splitter. These are the
same instructions that were distributed to all field offices with QW
Branch Memo 76.24-T on August 16, 1976. ' Also, please see QW Branch Memo
76.17 (May 12, 1976) for general instructions on sampling mixtures of
water and suspended sediment. The QW Branch can provide additional
copies of both memos if they are needed.

CLEANING

The Churn Splitter should be washed with a quality laboratory detergent

and thoroughly rinsed with tap water followed by distilled water prior

to taking it into the field. In addition, churns used for the splitting
of tracc metal samples should be acid washed--let soak for four hours in

a 5% solution of hydrochloric acid, then rinse with tap water and distilled
water. Cleaning between station visits can be accomplished by rinsing
with distilled water after sampling. Then, rinse with sample water

before use. ’
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WHEN TO USE CHURN SPLITTLRS

Use of the Churn Splitter is not limited to samples collected at NASQAN
sites. . All samples to be uscd for analysis of ''total' constitucnts arc
to be collected from multiple verticals to ensure representativencss of
the flow in thc cross section (QW Branch Memo 76.17). Also, samples for
"dissolved' analyses should be collected by the same means unless cross-
sectional uniformity is documented (QW Branch Memo 76.17, p. 4).

The Churn Splitter is designed and tested especially for use in streams
transporting sand-size sediments, Other compositing containers such as
jugs can be used satisfactorily for waters containing only fine matecrials;
however, it is recommended that only the Churn Splitters be used because
they can he cleaned much more easily than can jugs or other similarly

" shaped containers. Samples may be taken from the Churn Splitter for

- analysis of all dissolved and suspended inorganic constituents, including
trace metals, and phytoplankton analysis.

EXCEPTIONS

A statement on pages 4 and 5 of QW Branch Memo 76.17 deals with the
choice of container materials.. The following point is emphasized in the
instructions for use of the Churn Splitter. THE CHURN SPLITTERS ARE
'"MADE OF PLASTIC, AND THEREFORE, SHOULD NOT BE USED IN COMPOSITING
SAMPLES FOR ANALYSES OF ORGANIC SUBSTANCES. Bacteria samples are not
to be taken from the Churn Splitter because it cannot be sterilized
adequately.

SUMMARY

The new USGS Churn Splitter, designed and carefully tested for use in

the field, is particularly well suited for splitting large composite
samples of water-sediment mixture into subsamples of any desired

volume. We believe that they are the best splitters available for

these mixtures, and they are the only acceptable means of splitting
samples containing sand-size materials in the field. The Jones Ore
Splitter is still the most accurate, of course, for use in the laboratory

to split a sample or subsample into.equal volumes.

2 N2

R. J. Pickering
Chief, Quality of Wat ranch

WRD Distribution: A, B, FO, PO
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GEOLOGICAL SURVEY 4351 6016
- / RESTON, VIRGINIA 22092 QW Branch

January 17, 1978

QUALITY O WATER BRANCH TECHNICAL MEMORANDUM NO. 78.03

Subject: EQUIPMENT & SUPPLIES -- Churn Splitters

The USGS churn splitter, first introduced in Quality of Water Branch
Technical lMemo 76.24T, has been in use by our field offices for about a
year. Since its 1ntroductlon, several questions have arisen about its

operation. This memo is intended to answer most of thoce questions.

Question: Yhat is the purpose of thc churn splitter?

The churn splitter was designed to facilitate the withdrawal of a repre-
sentative subsample from a large composite sample of a water-sediment
mixture. For example, samples from several verticals in a stream cross
section, differing slightly from each other in chemical quality and sediment
concentration, can be placed in the churn and be mixed into a relatively
homogenous suspension. Theoretically, any subsample withdrawn from the
churn should be equal in chemical quality and sediment concentration to

any other subsample from the churn.

Question: When should the churn splitters be used?

The chura splitter was designed to be used for compositing and subsampling
of chemic“l-qnality samples that are to be analyzed for "total” or “total
recoverzble” inorganic constituents. Currently, the Central Laboratory
Quulity Assurance Section is evaluating the churn splitter to determine

if it also can be used for organic carbon, radiochemical, or pesticide
residue samples. The results of their evaluation will be annourced in

a later memorandum. Meanwhile, subsamples should not be taken from the
churn splitter for determination of organic carbon, radiochemicals,
pesticide residues, oil and grease, bacteria, or other constituents that
require special handling.

The use of the clhiurn splitter should not be considered to be limited to
NASQAN stations alone. The splitter can and should be used at any cheamical-
quality sampling site where subsampling of a composite water-sediment

sample Is requived. In additicn, the churn splitter can be used for sub-
sampling composited surface-water or ground-water samples that are to

be filtered and analyzed for “dissolved™ constitucents.
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United States Department of the Interior

GEOLOGICAL SURVEY
RESTON. VA. 22092

In Reply Refer To: July 3, 1980
EGS-Mail Stop 412 .

QUALITY OF WATER BRANCH TECHNICAL MEMORANDUM NO. 80.17
Subject: EQUIPMENT AND SUPPLIES--New sample splitter for water-quality samples

Bob Middelburg of the Quality of Water Branch has developed a new sample splitter
called a cone splitter. The cone splitter divides a water sample or sample of a
water-sediment mixture into ten equal parts. The cone splitter was originally
developed for the Urban Hydrology Studies Program for use in splitting samples
taken with an automatic pumping sampler for analysis of chemical and physical
constituents. In addition, the cone splitter will be quite useful in compos-
iting proper proportions of several samples taken throughout a runoff event

into a single discharge-weighted sample that represents the flow event.

Enclosed for your information is an article describing the cone splitter; its
accuracy, application, and procedure for use. The differences in application
between the cone splitter and the churn splitter are noted in the article.- Cone
splitters are currently being distributed to all projects that are part of the
Urban Hydrology Studies Program. Further information regarding the use or
availability of the cone splitter can be obtained by calling Bob Middelburg,
Quality of Water Branch, FTS 928-6834.

e

-7 / .f' /:" K.__

R. J. Pickering
Chief, Quality of Water Branch

Enclosure
Distribution: A, B, S, FO, PO

Key Words: Water quality, instrumentation, subsampling, sample splitting
Superseded memoranda: None
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( /§<\\ One Hundred Yeurs of Earth Science in the Public Service
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Tne USES Cone Spiitter v

Sampling methods have been devysiozed thit csroducz samples that are represen-
tative of flow through a cross-saction. Thase methods frequently conclude
with one bulk volume of water-sediment mixture. Unfor‘una;e]y. preservation
techniques and analytical methcds do not always allow the sutmission of one
sample in a single container t9 tha 1abcratnry for analysis. The sample must
be subdivided, usually within a short time after collection, into a number of
subsamples each of which must be virtually egquivalent in concentration of
suspended and dissolved constituents.

The USGS churn splitter can be usad tc subsamnle a very large volume (8-12
liters) samnle collected for chemical znalysis. It allows obtaining dif-
ferent subsample volumes from ths sample while still maintaining the same
basic chemical and physical properties of the original sample. The churn
splitter has proven to be an invaluable tool for the collection and processing
of composited cross-section samples frcm rivers and streams. The major disad-
vantages of the churn splitter are 1) sample volumes less than about 6 liters
cannot be split, and 2) inocrganic sadiments coarser than 62 um cannot be split
with an accuracy of less than about + 10-15%.

The recent use of automatic samplers has introduced a problem that makes the use
of the churn splittar impractical. Automatic samplers usually collect relatively
fixed sample volumes, most of which ar2 at or below the minimum volume of water
required for proper operation of the smailest available churn splitter. Most
automatic samplers collect only between 3.5 to 3 liters in one sampling cycle,
which is not enough volume for proper usz of & churn splitter. )

The new cone splitter was first developed in December 1979 as a means to reli-
ably subsample samples collected for the Urban Hydrology Studies Program con-
ducted by the U.S. Geological Survey in cooperation with the U.S. Environmental
Protection Agency. Tests have shown that the cone splitter can split samples as
small as 250 mL volume into 10 equal subsamples, each subsample being with + 3
percent of the correct volume and sediment concentration.

Description of Cone Splitter

The cone splitter illustrated in Figure 1 is a pour-through device. A funnel-
shaped reservoir on the top receives the sample and directs it into the split-
ting chamber. Located in the reservoir funnel is a 2 mm-mesh screen which
retains large debris such as leaves that could clog or interfere with the split-
ting process. The screen reduces the vortex action of the water leaving the
funnel and alsc helps mix the sampiz.

Below the funnel is a short section of stand pipe. Its function is to direct
water as a steady stream into the sslitting chamber which contains a cone-shaped
splitting head.

The cone sn11tter housinz is machined from 2 s2lid dblock of Lucite or comparable
material. Ten exit ports have been preciseiy criiled through one common point
at a 45-degree angle frcm the vertical aend spzced at 35-degree intervals around
the circumferenca. The rasultant configuration in the cpl tting chamber is a
notched cone with 10 eaualiy spacecd exit ports ibout its Sase. There are no
flat wells, benches, or surtaces inside the splititing chamber that can retain
material or inta=fare with the scliciing corocsss.
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Figure 1. Cone sample splitter with right portion sectioned for detail.
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The 10 exit ports direct the individual subsamples into distributer tubes
leading to the subsample containers. The tubes are of sufficient size ard
alignment to prevent any back pressure or restriction of flow from the spiit-
ting chamber. They also are kept to a minimum length to prevent submergence
of the end in the subsample. Any restriction of flow from an exit port will
interfere with the rate of split-sample entry into that port, causing a bias
in the splitting.

Evaluating the cone splitter

Two prototype cone splitters were constructed and tested for accuracy and bias.
The tests were conducted using both clear water and prepared sampies of water
and sand-size sediment. In addition, tests were made to determine the effect
of tilting the splitter and of pouring the sample into the splitter at different
rates and orientations.

To test tne accuracy and bias with respect to volume, Bruce M. Delaney of the

New Mexico District sediment laboratory prepared six samples of deionized water
placed in 1-gallon plastic containers, similar to commercially used milk, juice,
and water jugs. The volumes for all observations were determined by weighing to
the nearest 0.1 grams (essentially equivalent to 0.1 mL using deionized water).
Samples were introduced into the splitter by inverting the sample bottle over the
reservoir, allowing it to empty as rapidly as possible. The splitter was

allowed to sit for approximately 1 minute after splitting for draindown before
the subsamples were removed and weighed for volume tests.

The results of the six volume tests are given in Table 1. After weighing each
subsample, it was determined that on the average 2 mL of water was lost during
a splitting process due to droplets of water adhering to various parts of the
splitter. A small bias in the distribution was observed from outlet to outlet.
This was probably due to slight variations during the fabrication process.
‘Table 1 shows that the average discharge from tube No. 8 was consistently high
by 1.5 percent, but this is considered well within acceptable limitations. It
should be noted that the outlet numbers do not correspond to the sequence that
the outlet ports were drilled.

To check the accuracy with respect to volume splits, each subsample was compared
to the mean volume for each split. The maximum error observed was +1.9 percent
(outlet 8, test 6) and the minimum error was -1.7 percent (outlet 2, test 3).

The >tandard error in percent (standard deviation divided by the mean times

100) for each test was 1.1 percent or less. These observations indicate that

the cone splitter is capable of accurately sibdividing a sample into 10 equal
parts by volume within an arbitrary acceptable error limit of + 3 percent.

An additional series of tests were made using a water-sediment mixture to test the
splitter capability to produce subsamples equivalent in physical composition to the
original sample. Six samples were prepared. £ach consisted of 1.0 grams of 62- to
125- um sand, 4.5 grams of 125- to 250- um sand, and 0.5 grams of 250- to 500- um
sand plus deionized water to bring the total sample weight of 2500.0 grams. Using
a suspended-sediment mixture of predominantly sands was considered to be a worst-
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case condition test because sands will not easily stay in suspension as com-
pared to silts or clays. Particle sizes finer than sand (< 62 um) should split
with an accuracy comparable to the volume-test results. If the cone splitter
operates properly, the sediment concentrations of the subsamples should be vir-
tually equivalent for each outlet and should not vary with the variation in
volume from outlets. -

The results of the water-sediment mixture tests shown in Table 2 indicate that
the splitter will subsample samples containing sand-size sediment with a pre-
cision of 2.3 percent as calculated by averaging the standard deviations from
each test. Test 2 produced both the maximum (+5.6, outlet 10) and the minimum
(-4.4, outlet 3) individual subsample errors. Figure 2 shows the plot of the
mean, maximum, and minimum volume and concentration for each outlet. There
does not appear to be any correlation between the variation in sediment-concen-
tration means and vonlume means from outlet to outlet. Variability about the
inean is greater for concentration than for volume, which is expected because
the measurement of sand-size sediment concentration is less precise than measure-
ment of volume alone. -

The 10 subsamples obtained from test 2 were further analyzed for particle-size
distribution. Summary results given in Table 2 show that the percent by weight
of each subsample in the size range 125.to 250 um is well distributed

among the subsamples with a maximum deviation of 3 percent from the mean.

The series of sediment-concentration tests do indicate a possible bias in the
splitter operation, although the error of the bias appears to be acceptable.
When observing the percent variation from the mean concentration,

the outlets having a positive differences are grouped together. For example,
for test 1, table 2, outlets 10, 1, 2, 3, and 4 are all greater than the concen-
tration average and they all represent one side of the splitter outlet ports.
This pattern was observed in the other tests, although it was not always the
same group of outlets that contributed am above-average concentration. This
phenomenon may be attributed to a slight vortex action associated with the
flow through the stand-pipe. The sand leaving the funnel may tend to string
,out into a ribbon rather than mix. Further tests and changes of stand-pipe
and screen designs will be necessary to determine the actual cause. It<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>