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FOREWORD

Environmental measurements are required to determine the quality of the
ambient waters and the character of waste effluents.
The Environmental
Monitoring and Support Laboratory--Cincinnati conducts research to:
1.

Develop and evaluate methods to measure the presence and
concentration of physical, chemical, and radiological pollutants in
water, wastewater, bottom sediments, and solid waste.

2.

Investigate methods for the concentration, recovery, and
identification of viruses, bacteria, and other microbiological
organisms in water, and determine the responses of aquatic organisms
to water quality.

3.

Develop and operate an Agency-wide quality assurance program to
assure standardization and quality control of systems for monitoring
water and wastewater.

4.

Develop and operate a computerized system for instrument automation
leading to improved data collection, analysis, and quality control.

This research project was designed to produce a methods manual of
standardized procedures containing single laboratory precision and bias
statements that can be used to analyze wet acid deposition samples.

Robert L. Booth, Director
Environmental Monitoring and Support
Laboratory--Cincinnati
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ABSTRACT

Local, state, regional, and national precipitation c~emistry networks
been established during the last twenty-:ive years in an effort to assess
temporal and spatial patterns in atmospheric deposition.
These networks have
been implemented with varied objectives but they all involve the collection
and chemical ana~ysis of precipitation.
Interpretation of the data generated
from these varicus measurement programs has beer. complicated oy the different
sampling and analytical protocols that have beer. employed.
This is
particularly true of his~orical data sets that do not include complete
information on the analytical methodologies used, bias and precision of
reported chemical results, or quality assurance practices.
These procedural
dif:erences, combined with a lack of adequate documentation, have resulted in
r.onuniform data sets that make trend analysis difficult.
~ave

To provide the scier.tific cornmur.ity with a set of standardized procedures
for the collection and analysis of precipitation samples, the Illinois State
Water Survey has develo~ed an analytical methods manual for use in acid
deposition studies.
This mar.ual includes detailed methods documentation for
the major inorganic constituents of interest in wet deposition as well as
guidelines for the ccllection, preservation, and processing of samples.
The
importance of a comprehensive quality assurance program is emphasized for all
aspects of a precipitation chemistry measurement system.
The analytical
methodologies include :1a~e atomic absorption spectrophotometry, ion selective
electrode, automated colorimetry, ion cr.romatography, and titrimetric
procedures.
These methods were selected for inclusion based on their
sensitivities, accuracy, and freedom fro~ significant chemical and physical
interferences.
The ir.strumentation required :or :r.ese methods is available in
most laboratories ir.volved with water analyses so that the procedures
described will ~e ~seful to as many researc~ers as possiole.
T~e adoption of
star.dard test procedures wil~ lead to greater comparability between
laboratories reporting precipitaticn cr.emistry cata and will improve the
reliability of data interpretation efforts.
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INTRODUCTION

Standard test procedures for the chemical analysis of wet deposition are
r.ot currently available to the scientific colllJ'l1ur.ity.
As a result, differe~t
ana~ytical techniques historically have been used to produce precipitation
chemistry data.
These techniques often lack the necessary sensitivity and
accuracy for measurement of the trace constituents characteristic of wet
deposition samples.
Comparison of these data for spatial and temporal trend
analyses is therefore difficult and may lead to false conclusions.
An extensive literature review was conducted at the onset of this prOJect
to compile ar. inventory of recent and historical precipitation chemistry
monitoring programs.
Information on study objectives, sampling protocols,
handling procedures, chemical constituents, analytical methodologies, and
quality assurance practices was synthesized to develop an overview of the
c~rrent status of wet deposition monitoring.
It was apparent from this
inventory that differences in sarrpling periods were necessary depending on the
monitoring objectives. Weekly sampling ~ay be acceptable for assessing ar.nual
deposition patterns whereas sequential samples withir. a single event may be
important for obtaining ~nformation on scavenging processes.
Our approach,
therefore, was to develop sampling guidelines that would meet as many study
objectives as possible.
The sampler types and collection vessels commonly
used were also tabulated.
Most of the monitoring networks are already using
similar equipment and collection containers for the analysis of the major
inorganic species in wet deposition so that a consensual standard is already
in place. Our efforts have foc~sed on developing recommendations for the
selection, cleaning, and handling of the collection vessels.
The sample handling and processing protocols used for wet deposition
analyses were also addressed. Minimizing sample cor.tamination and ensuring
the integrity of samples after collection was the primary focus in this area.
Guidelines for reco:nrnended holdir.g times for each of the species detailed in
the methods documentation were developed based on ion stability studies
conducted at the Illinois State Water Survey and other laboratories.
Recommended storage containers and temperatures were also included in this
work.
Physical means of sample preservation by filtration was incl~ded as a
mechanism for stabilizing constituents affected by the presence of alkaline
particulates and/or biological activity.
These guidelir.es are ior. specific
since wet deposition samples are characterized by both cor.servative and
nonconservative chemical species.
The first step in selecting cand~date procedures for inclusion in this
methods manual was to tabulate the methodologies currently being used by major
precipitation chemistry laboratories.
In most cases, these techniques were
similar although differences were apparent in reporting units, method
detection limits, precision, and bias.
Quality assurance protocols were
extremely varied as were the procedures used for presenting quality control
data.
These disparities emphasized the need for a set o: standardized
procedures for both analytical deter~inations and quality assurance data
reporting.
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The nedian concentration of total dissolved species in wet deposition
samples from the National Atmospheric Deposition ?rogram (NADP)/National
Trends Network (NTN) is approximately 90 microequivalents/liter. Methods
selection, therefore, must take into consideration the fact that the majority
of analytes in wet deposition are present at concentrations below one
nilligram/liter. Analytical techniques characterized by sufficiently low
method detection limits are crucial to the accurate determination of these
trace constituents. Cumulative percentile concentration data were tabulated
fron the 1984 NADP/NTN Program for use as a guide in both methods selection
and for recommendir.g appropriate calibration standards in the methods
documentation.
This systematic approach to method selection ensures that the
chemical data generated will be of maximum utility to many users.
The documentation and formalization cf quality assurance protocols is ar.
integral component of the met~ods development process. This includes quality
control at the sampling site, in the laboratory, and in data reportir.g. T~is
manual focuses on the specific central procedures that are necessary to obtain
data with known bias and precision. The use of blind audit solutions,
internal quality control check solutions, control charts, analyte spikes, and
performance audits should all be incorporated into the standard operating
procedures (SOP) for labcratories engaged in wet deposition measurements.
The met~ods contained in this report are conprehensive in their coverage
and include detailed descriptions of the instrumentaticn, reagents,
procedures, quality control protocols, and data reporting requirements for
each analyte.
The documentation has been prepared accordinq to the guidelines
set forth by the USEPA Environmental Monitoring and Support Laboratory (EMSL)
in Cincinnati, Ohio (Kopp, 1983). These guidelines are patterr.ed after the
format used by the American Society for Testir.g and Materials (ASTM, 1983) and
are accepted as the standard to be used in formalizing analytical test
procedures.
Standard methcds of documented bias and precision are now available for
the major inorganic species in wet deposition. The general methodologies
described are already being used by many precipitation chemistry laboratories,
but complete documentation has r.ot previously been available.
By
ir.corporating these test methods as standard operating procedLres,
laboratories ir.vo:ved with wet deposition measurements will be producing data
of si~ilar quality.
This will result in easier data interpretation by various
users and should improve the reliability cf wet deposition ~easurements.

REFERENCES

American Society for Testing and M~terials, Form and Style for ASTM
Standards, ASTM 13-000001-83, 6th Editicn, Baltimore, MD, May 1983.
Kopp, J.F., Guidelines and Fermat for EMSL-Cincir.nati Methods,
USEPA-600/8-83-020, Cincinr.ati, OH, August 1983.
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GLOSSARY

Item

Definition

Abbreviation

Accuracy

The difference between the mean value and
the true value when the latter is known or
assumed. The concept of accuracy includes
both bias (systematic error) and precision
(random error) .

Bias

A persistent positive or negative deviation
of the measured value from the true value,
due to the experimental method.
In practice,
it is expressed as the difference between the
mean value obtained from repetitive testing of
a homogenous sample and the accepted true
value:
Bias = measured value - true value

Control Limits

CL

Statistically derived values that limit the
range of acceptable random error in a
measurement process. They consist of an
upper and lower range of acceptable values
that are defined as +3s from the mean.

Field Blank

FB

An aliquot of reagent water or equivalent
neutral reference material treated as a
sample in all aspects, including exposure
to a collection vessel, holding time,
preservatives, and all other sample
processing and analysis protocols.

Field Duplicates

FD

Two samples taken at the same time and
place under identical conditions that are
treated alike throughout field and
laboratory procedures.
Analysis of field
duplicates indicates the precision
associated with sample collection,
preservation and storage, as well as with
laboratory procedures.

Laboratory Duplicates

LD

Two aliquots of the same sample treated
identically throughout a laboratory
analytical procedure. Analyses of
laboratory duplicates indicate the
precision associated with laboratory
procedures but not with sample collection,
preservation, or storage procedures.

x

Laboratory Spike

A known volume of method analyte that is
added to a sample. T~e concentration of
analyte spiked into the sample usually
approximates the expected concentration
of that analyte in the unspiked sample.
The difference in concentration between the
spiked and the unspiked sample is used to
calculate a method percent recovery.

Mean Bias

I.bias for each sample
total number of replicates (n)

Mean Percent Recovery

I.percent recovery for each sample
total number of replicates (nl

Method Detection
Limit

MDL

The minimum concentration of an analyte
that can be reported with 99% confidence
that the value is above zero. The MDL is
operationally defined as:
MDL

=

st

(n-1,l-a= 0.99)

(1)

w::-iere:
s = standard deviation of
repetitive
~easurements
(>7) of
a solution containing
the analyte at a
concentration near the
MDL.
t

Percent Bias

(n-1,1-a= 0.99)

The difference between the mean value
obtained by repeated testing of a
homogeno~s sample and the accepted true
value expressed as a percentage of the true
value:

whe.!'."e:

V

m

vt
(1)

student's t value
for a one-tailed test
appropriate for a 99%
confidence level and a
standard deviation
estirrate with n-1
degrees of freedo~.

measured value
true value

Glaser, J .A., D.L. Foerst, G.D. McKee, S.A. Quave, arid lv.L. Budde. "Trace
Analyses for Wastewaters''. Environmental Science and Technology, 1981,
Vol. 15, No. 12. pp. 1426-1435.
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An estimate of the bias of an analytical
method determined from analyte spikes of
natural samples. The percent recovery is
calculated as:

Percent Recovery

% Recovery= 100 x

where:

Performance
Evaluation Sample

PES

Precision

[(a - b)/c)

a = measured concentration of
spiked sample
b
measured concentration of
unspiked sample
c
calculated spike
concentration

A sample containing known concentrations
of method analytes unknown to the analyst.
Results of laboratory analyses of these
samples are used to statistically determine
the bias and precision that can be expected
when a method is performed by a competent
analyst.
The degree of agreement of repeated
~easurements of a homogenous sample by a
specific procedure, expressed in terms of
dispersion of the value obtained aoout the
mean value.
It is often reported as a
sample standard deviation (s).

Quality Control
:heck Sample

QCS

Relative Standard
Deviation

RSD

A sample containing known concentrations of
analytes prepared by the analyst or a
laboratory other than the laboratory
performing the a~alysis.
The performing
laboratory uses this sample to demor.strate
that it can obtain acceptable results with
procedures to be used to analyze wet
depcsition samples.
Ar.alyte true values
are known by the analyst.
The standard deviation expressed as a
percentage.
RSD = 100 x (s/x)
where:

s = sample standard deviation
mean value

x
Sensitivity

The method signal response per unit of
analyte.

xii

Standard Deviatior.

s

A number that represents the dispersion of
values around their mean, calculated as:

s

where:

x.

_l

x

n

each individual value
average of all values
= number of values

Statistical Control

The description of a measurement process that
is characterized solely by rar.dom errors.

Traceability

The ability to verify a measurement or
solution with known standards from the
National Bureau of Standards, Washingtcn, DC.

Warning Limits

Zero Standard

WL

Limits used in quality control charts to
indicate that the analytical procedure is
clcse to being out of statistical control.
They consist of an upper and lower range of
values that are defined as ~2s from the mean
value.
A calibration s~andard used to set ~he
instrument response to zero.
It contains
al: of the matrix components of the
remaining calibrants except the method
ar.alyte.
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SAMPLE COLLECTION

The sample collection protocols used for the determination of major
inorganic ions in wet deposition samples are influenced by the study
objectives as well as economic and logistical constraints. The availability
of qualified field personnel, adequate sources of electrical power, and funds
for automated collection devices are all factors in the selection of sampling
protocols. The benefits and limitations of various sampling schemes have been
thoroughly discussed in the literature. The appended list of references
relating to the collection of wet deposition samples has been compiled to aid
the reader when selecting and evaluating sample collection procedures.
General guidelines that should be considered when designing a wet deposition
measurement program are discussed in the following sections.

COLLECTOR DESIGN

Wet deposition samples can be collected using bulk or wet-only design
collectors.
Bulk sampling refers to the collection of both wet and dry
components of atmospheric deposition. The bulk sampling system typically
consists of a bucket or funnel and bottle configuration that is open to the
atmosphere during both precipitation events and dry periods. The funnel and
bottle design is frequently used with a water trap in the tubing leading from
the funnel to the collection bottle to minimize sample evaporation. Open
bucket collectors are susceptible to evaporation, particularly under warm
weather conditions or long exposure periods. The influence of dry deposition
inputs to bulk samples is dependent not only on the ion being determined, but
also on the meteorological conditions and location of the sample collector.
Windy and dusty conditions during a bulk sampling period will result in higher
solution concentrations of terrestrial components sue~ as calcium and
magnesium compared to a wet-only collection device.
The dissolution of these
alkaline materials can lead to additional changes in sample chemistry prior to
analysis.
Bulk sampling procedures can be used, however, for studies that
focus on estimating total atmospheric inputs.
Wet-only collection devices minimize evaporation and the influence of dry
deposition by utilizing an electronic sensing ~echanism that exposes the
collection vessel to the atmosphere only during precipitation events. The
stability of samples collected with this type of device is also enhanced by
the exclusion of slowly dissolving terrestrial components (Peden and Skowron,
1978).
In order to effectively minimize evaporation and dry deposition
inputs, a wet-only sampler should be equipped with a motor-driven,
reciprocating cover that fits tightly over the top of the collection vessel
during dry periods. The pressure of the cover should be strong enough to
sustain a tight seal under high wind conditio~s and the surface of the lid
that is in direct contact with the lip of the collection vessel must be
constructed of an inert, non-contaminating polyolefin material. The
reciprocating cover should be designed to minimize the accumulation of snow or
ice during winter operation to prevent a malfunctior. of the drive motor.
A
rain gauge should be installed at the collection site to continuously monitor
the volume of precipitation collected by a standard rain gauge compared to the
volume collected in the sampler. An event recorder, triggered by the opening
1

and closing of the sampler cover, is also recommended to diagnose malfunctions
in the operation of the collector drive notor and sensing mechanism.

SITING CRITERIA

co:lection sites for regional or background ?recipitation chemistry
studies should be located at least 100 meters fron routine air, ground, or
water traffic.
Over~ead obstructions such as power lines or trees that can
interfere with sample collection should be avoided.
~aintain a horizontal
distance between the sanpling site and any large obstruction (i.e. building,
radio antenna) of at least twice t~e height of the obstructing object.
The
ground surface of the collection site s~ould be firm and covered with grass or
similar vegetative cover.
Periodically check the distancP. between
obstructions such as growir.g trees or newly erected structures and the
collection site.
For a nore complete list of siting criteria re:er to Topal
et al. (1985) and NADP (1984).
Install the collector parallel to the wind
directior. that is characteristic of precipitation events.
Place the sampler
such that the collection vessel is upwir.d of the reciprocating cover and
sensor mec~anism.
Locate the rain ga~ge/event recorder near t~e collector with a horizontal
distance of at least two meters between each instrument.
Pcsition the rain
gauge parallel to bott the collector ar.d the direction of the prevailing winds
to mininize any potential influer.ce on the chemical quality of the
precipitation.

COLLECTIO~

VESSELS

All collection buckets, liners, funnel/bottle apparatuses, and storage
bottles shculd be cor.structed fron a non-contaminating material that will not
adsorb the inorganic ions of interest.
High density (linear) polyethylene,
which has been shown to be a suitable ccllectior. and storage material, is most
widely used for the collectior. and storage of wet depositior. samples.
Other
plastic materials suer. as polypropylene, convent~onal (low density)
polyethylene, and tetrafluoroethyler.e r.ave been Jsed successfully as well.
All contair.ers that will be Jsed for sample collection or storage should be
eval~ated for adsorption/desorption properties on a cor.tinual basis since the
purity of plastic products can vary anor.g manufactJrers and between different
?roduction runs :ram the same ~anLlfacturer.
T~e eva:Jation of the collection
vessel should include the cap or lid that is used to seal the container after
collection. Gasket materials and cap liners that are used to ensure a
watertight seal are potential sources of cor.tamination that must also be
investigated.
Thoroughly rinse all collectior. surfaces with AST~ Type II water prior to
use.
Do not use strong nineral acids or alkaline detergent solutions for
cleaning collection vessels.
Residual acids may remain in t~e polyclefin
~atrix and be s:owly leached back ir.to the saffiple.
Alkaline deterger.ts may
alsc leave resid~es that can affect the sample chemistry.
Wear particle-free,
r.oncontaminating gloves whenever har.dling clean buckets or bucket liners.
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Cap collection bottles after cleaning to prevent contamination from airborne
contaminants.
Air dry collection buckets and liners in a laminar flow clean
air workstation and wrap in polyethylene bags prior to use.
If a laminar flow
workstation is not available, pour out any residual rinse water and bag the
buckets immediately. Do not dry the bucket or liner intericr by any method
other than air drying under a clean air workstation.
Monitor the cleaning
procedure by pouring a volume of reagent water that approximates the median
sample size into the collection vessel. Allow the water to renain in the
sealed or capped collection container for at least 24 hours and determine the
concentrations of the parameters that will ~e measured in wet deposition.
If
any of the analyte concentrations exceed the method detection limit (MDL), a
contamination problem is indicated in the cleaning ?rocedure. Take corrective
action before the sampling containers are used for the collection of wet
deposition.

SAM?LING FREQUENCY

The frequency of sampling is determined by the study objectives.
Event,
daily, and weekly sampling schedules are the most commonly used. Sequential
sanples taken within a single event are also used in studies focusing on
precipitation scavenging processes. Collection periods of longer than one
week are generally not recommended because of the potential for sample
degradation and evaporation.
For a more thorough discussion of sampling
frequency considerations, refer to the appended references.

SAMPLE COLLECTION AND HANDLING

When servicing the collection equipment, always approach the sampler from
the dowr.wind side to prevent possible contamination from clothing, hair, or
dust fragments.
Do not touch any of the collection surfaces when removing or
installing the collection vessel.
Cap or seal all samples at the time of
collection to prevent contamination or loss of sample during transit to a
precessing facility.
Collection vessels sho~ld be brought to t~e sampling
site in clean plastic bags and insta:led i:nmediately after the bag has been
re~oved.
The reciprocating cover of wet-only samplers should be inspected
each time the samplei is serviced to ensure that a tight seal is maintained
between the collection vessel rim and the cover.
The underside of the cover
should be cleaned with ASTM Type II water on at least a monthly basis to
prevent the buildup of dust or dirt that coulo result in sample contamination.
Whenever samples are collected, check the ser.sor mec~anism on the collector
for proper operation.
For rr.ore details on recomnended collector operation and
maintenance, refer to the NADP Instruction Manual for Site Operation (1982).
Field personnel responsible for the collection of samples should be
ir.structed in the procedures that are required tc operate a precipitation
che~istry measurement site.
In addition to operaticn and troubleshooting of
the collection equipment, site operators should be aware of t~e careful
handling techr.iques that are req~ired to prevent sample contamination.
Periodic evaluations of field personnel performance are recoMmended to ensure
that the sample collection and handlir.g protocols are being followed.
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QUALITY ASSURANCE

Wet deposition samples are characterized by very low conce~tra~ion levels
of dissolved constituents.
The median ionic strength of samples collected
from the National Atmospheric Deposition Program (NADP) - Natio~al Trends
Network (N~N) during 1984 was only 90 nicroequivalents per liter.
The dilute
nature of precipitation samples requires t~at a rigorous quality assurance
(QA) program be :allowed to monitor and control the variables that affect
sanple representativeness.
A quality assurar.ce program for precioitation
chemistry measurements should include all aspects of sample collection,
handling, chemical analysis, ar.d data ma~agenent.
Both the theoretical and
practical aspects of QA program planning for wet deposition measi..;rement
systems are thoroughly discussed in the appenced references.
~he methods doci..;~entation provided in this manual includes specific
laboratory quality control procedures that should be followed by analysts
performing chemical determinations of precipitation samples.
These guidelines
represent a minimum level of quality control that is r.ecessary to ensure data
quality.
Additional control procedures may be required depending on the
design of the measurement program.

The verification of laboratory analyses using ion balance and specific
conductance calculations :s an important quality assurance tool that should be
used by all laboratories engaged in wet depo~~tion ~easure~ents~ If+2he m~~or
, Hco
ions in a solution have been deterMined (S0
, Mg ,
, Cl , Ca
, NC
4
+
+
+
+
.
.
3
3
Na , K , H , and NH ) , the equivalent concentrations of measurea anions should
equal the sum of th~ measured catio~s.
The calculation of an ion ratio or ion
balance can be used to de~ect analytical errors as well as a major ion that
has not been detected.
Ior. balances should be determined for all samples and
the results used to identify samples for chemical rear.alysis (Peden, 1983).
Table l provides a corr.p:irison chart of four r.1ethocs tha': are comm:mly used by
precipi':ation chemis~s to deternir.e an ion balance.
Columns or.e and two
represer.t an ion balance calculation expressed as a percentage; columns three
and four represent equivalent ratios.
The formulas used to calcc1late each
ba!ance are provided i..;nder the respective headings.
Although each method
provides similar informa':icn, tr.e use of different calculation procedures can
lead to confusion when co~paring quality assurance data from various
laboratories.
The American Society For Testing :ind Ma~erials (ASTM)
recommends the ~se of the following calculation ir. determining ion balance
data (ASTM, 1983):

Catior.s - P..nior.s

X lCO

Percentage error
Cations + Ar.ior.s

This fornula is similar tc the calculation shown in ':r.e second col~mn of
Table 1 with the order of cations and anior.s reversed in the nunerator.
The
use of the AST~! method for calculation of ion balance data is recor.unended for
all laboratories engaged in precipitation chemistry an:ilyses to facilitate
comparison between researchers.
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Reanalysis criteria can be established in several ways using ion balance
data.
Peden (1983) described the use of ion percent difference data in
conjunction with the total ionic strength of the sample to develop a
three-level criteria that takes into account the higher variability
characteristic of very dilute (< SO microequivalents/liter total ion strength)
samples (Table 2).
ASTM Method D 596 (ASTM, 1983) suggests an acceptable ion
percent difference of +5% for samples containing 25 mg/L total dissolved
solids.
Figure 1 sumrr.arizes the ion. percent differences calculated from samples
collected as a part of the National Atmospheric Deposition Program (NADP)/
National Trends Network (NTN) during 1984. The formula Llsed to calculate the
ion percent difference data was identical to that shown in the second column
of Table 1. The histogran represents over 5000 weekly samples collected
throughout the United States. These data are provided to indicate the range
of val~es that are characteristic of wet deposition samples and to aid
researchers in the development of their own reanalysis criteria.
The ion
percent difference data closely approximate a normal distribution with the
mean value at less than 1% and a standard deviation (s) of approximately 7.5%.
The normality of this distribution, with a mean value near zero ~ercent,
suggests that the use of warnir.g and control limits of
~ 2s and
~ 3s,
respectively, would be appropriate.
Using this approach, samples with ion
percent differences greater than ~23% (3s) would be selected for chemical
reanalysis.
This procedure can also be used on a site specific basis after
sufficient da~a have been collected to calculate a mean and standard deviation
of t~e ion percent difference for each collection site.

x

x

Specific conductance data car. also be used as a quality assurance check
to verify the accuracy of analytical meas~rements. A calculated specific
concuctar.ce can be determined by multiplying the ion concentrations by their
equivalent conductance factors and summing the individual ion contributions
(Topal et al., 1985).
If the najor ions in a precipitation sample have been
analyzed, the calculated anc ~easured specific conductance values should
agree.
A specific conductance percent difference calculation is made in an
analogous nanner to the ion percent difference calculation:

Calculated -

~easured

Conductance

x

Conductance ?ercent difference

100

Measurec Conductance

The conductance percent difference data can be used to develop a second
set of criteria for the selection of samples for chemical reanalysis. The
approach used by Peden (1983) for samples collected from the NADP/NTN
monitoring network uses a three level rejection criteria based on the
magnitude of the measured specific conductance combined with the calculated
percentage difference (Table 3).
Figure 2 represents a conductance percent
difference histogram from the same 1984 NADP/NTN data set.
Assuming that the
measured concentration values that were used to generate these data are
correct, the negative mean percent difference of 8.8% with a standard
deviation (s) of 9.5% is an indication that all of the ions that contribute to
the sample specific conductance have not been determined.
Trace metals,
fluoride, bromide, and organic acid anions are not routinely measured as a
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of this monitoring network although they would be included as a component
of the measured conductance.
Conductance percent difference values tabulated
from the Utility Acid Precipitation Study Program (UAPSP) (Electric Power
Research Institute, 1983) indicated a median conductance difference of -0.8%
with greater variability at low specific conductivities.
Positive conductance
percent differences (~10%) are an indication that one or more of the
concentration values used in the calculation are suspect.
The histogram presented in Figure 2 does not approximate a normal
distribution, but is negatively skewed.
The use of statistical control limits
is not a valid diagnostic tool under these conditions.
These data can be
used, however, as a guide in the development of laboratory specific reanalysis
criteria.
When combined with ion balance data, conductance verification
procedures provide the necessary information to monitor the overall
performance of laboratory analyses.
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Table 1.

Comparison of Ion Balance Calculation Methods

Ion Percent Difference
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Table 2.

Chemical Reanalysis Criteyia using Ion
Percent Differe~ce Data (from Peden, 1983)

If Anions + Cations (ueq/L) Are:

And Ion Percent Differenceais:

<50

>+60

>50<100

>+30

>100

>+15

Anion - Cation (ueq/L)
a.

Ion

Percen~

Difference

100 x
Anion

Table 3.

+

Cation (ueq/L)

Reanalysis Criteria Using Ccnd~ctance
Percent Differer.ce Data (from ?ede~, 1983)
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And Conductance % Differenceais:

If Measured Conductance (uS/cm) Is:
<5
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>5<30

>30

>30

>20

Calculated a.
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Conductance

x

Conductance percent difference
Measured Conductance

14

100

Figure 1.

Ion Percent Difference Histogram for
1984 NADP/NTN Wet Side Samples.
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Conductance Percent Difference Histogram
for 1984 NADP/NTN Wet Side Samples.
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METHODS SUMMARY

The methods selected for inclusion in this manual represent the
major inorganic ions common to wet deposition samples. Most of the
instrumental procedures described are r.ow being used by laboratories engaged
ir. precipitation chemistry research.
Detailed descriptions of test procedures
with documentation of method detection limits, bias, and precision have not
previously been available. As a resul~, data obtained from different
laboratories reflected significant variations in bias, precision, reporting
units, and quality control information. The purpose of this analytical
methods manual is to provide the analytical chemistry community with
standardized test procedures for the analysis of wet deposition samples.
Specific quality control protocols that are necessary to generate high quality
data are an integral part of the analytical methodologies.
Table l presents a percentile concentration summary of the eleven
parameters measured in conjur.ction with the NADP/NTN precipitation chemistry
network.
These data, which include over 5000 weekly samples collected during
1984, were used extensively in the selection and evaluation of appropriate
methodologies to include in this ~anual. The percentile concentrations were
also used as a guide in the selection of spike recovery and quality control
check sample concentrations. The suggested calibration standards and working
concentration range for each method were selected to ir.clude at least 95% of
the samples for each constituer.t. This selection of working ranges minimizes
the need for sample dilutions while still providing precise measurements for
the most dilute solutions.
The test methodologies include flame atomic absorption spectrophotometry,
ion chromatography, automated colorimetry, titrimetry, and ion selective
electrode procedures.
In some cases, more than one method has been provided
for a given analyte to provide alternative procedures if a specific type of
instrumentation is not available.
A comparison of detection limits,
concentration rar.ges, bias, and precision for each analyte with two or more
methodologies is presented in Table 2.
These data are included as an aid in
the selection o: appropriate test procedures.
For additional information on
chemica! interferences, analysis ti~e, and sample volume requirements, refer
tc the detailed ~ethods descriptions.
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Table l.

00

Ca (mg/L)
Mg (mg/L)
K (mg/L)
Na (mg/L)
NH
(mg/I.)
4
NO l (mq/L)
Cl (mq/L)
so 4 (mg/L)
PO
(mg/L)
4
pH (pH units)
Conductance (uS/cm)

Source:

5th

Min.

Paramct~r

.....

Percentile Concentration Values of Chemic~) and
Physicctl Parameters Me~sured ln Wet Deposition

1984

<o.oog

0.030

<0.003
<0.003
<O. OCH
<0.02
<0.02
<0.02
((). 10
<0.00.l
2.98

0. 01

1.6

j

0.008
0.027
<0.02
0.15
0.06
0.39
<0.003
4. 01
3. 7

10th

25t.h

50th

75th

90th

0.0'>0
0.016
0.010

0.080
0.026
0.017
0.059

0.170
0.047

0. 180
0.094
0.061
0.7.69
0.40
1.99
0.39
2.65
<0.003
5.46
26.9

0.760
0.201
0.125
0.625
0.69

O.<H5

<0.02
0.27
0.08
0. '10 .

<0.003
4.15
5. ()

O.OR
0.58
0.11
0.83

<O.OOJ
4.38
8.5

o.o.rn
0.118
0.19
1.13

0.19
l. 49
<0.003
4.80
15.2

3.13

O.<:l1
4.27
0.006
6.08

42.4

95th

Max.

l. 20
0.296
0. 186
1.05
0.95
4.11
1. 63
5.68
0.009
6.34
54.2

22.flO
2.29
5.81
10.80
1.45
27.J'J
37.81
45. 72
12.60
7.85
566.8

National Atmc1spheric Deposilion Program (NADP)/ National Trends Network (NTN)

Nurnhcr ot samples (n) =- '>450

'l'ilb IP 2.

Analyte

Ammoni11m

Method

IC

b

AC

......

ISE

\()

Calcium

F/\/\S

I Cb

Chloride

IC

Compan son of Method Detect ion Limits, Bids, dnd Precision for Flame
Atomic Ahnorption Spectrophotometry (FAAS), Ion Chromatogrdphy (IC),
Automc.1ted Colorimetry (AC), and Ton Selective Electrode (ISF.).

Method
Detection Limit,
mq/L

Con~entraLion

Range,
mg/L

Theoretical
Concenlralion,
mg/L

a

-5.3
0.0
-6.l
l. 6

0.02
0.02
0.05
0.03

11. l
5.6

-0.01
-0.01

-5.6
-2.6

0.02
0.02

10.6
6.6

14 ')
145

-0.002
0.007

-3. 8
l. 7

0.002
0.003

3.9
0.7

7
7

0.005
-0.001

9.4
-0.2

0.006
0.045

10. 3

0.063
0.400

0.03

O.Oi - 2.00

0. 19
0.36
0.98
l. 22

215
82
224
81

-0.01
0.00
-0.06
0.02

0.05 - 2.00

0.18
0.39

12
12

0.007 - 3.00

0.053
0.406
0.053
0.406

0.007

0.02

0. 03

0.02 -

LOO

0.03 - 2.00

0.03

O.OJ - 2.00

%

16.4
8.0

0. 03 - l. 00

0.05

Precision,
RSD,
mg/L
%

s,

0.011
0.032

7
7

0.004
0.000

0.03

6.4
0.0

5.4
2.4

11.1

l. 78

132
479
255

0.01
0.02
0.10

5. fl
2.4
5.6

0.02
0.03
0.05

10.5
3.4
2.7

0.85
l . 78

105
105

0.03
0.09

3.5
5.1

0.02
0.03

2.]
1.6

0.18
0.8~

AC

n

Rias,
mg/L

Table 2.

Method
Detection Limit,
Analyte

Magnesium

Method

F/\/\S

TC

b

mg/L

(continued)

Concentration
Theoretical
Range,
Concentration,
mg/I.
mg/L

n

a

Bids,
mg/L

Precision,
RSD,
mg/L
%

s,

%

0. 002 - l. 00

(). ()18
0.084

145
145

-0.001
-0.001

-5.6
-1. 2

0.001
0.001

5.9
1. 2

0.02

0. 02 - 1. 00

0.018
0.084

7
7

0.008
0.001

44.4
1. 2

0.008
0.018

30.8
21 . :;>

0.002

Nitrate

IC

0.03

0.03 - 5.00

0.80
3.54

485
415

0.01
0.10

1. 2
2.8

0.02
0.12

2.5
3. 3

Nitrate-Nitrite

AC

0.02

0.02 - 5.00

0.62
0.80
3.17
J.54

88
24
88
23

0.01
-0.02
-0.06
-0.10

1.6
-2.5
-1. 9
-2.8

0.02
0.01
0.07
0.05

2.2
1. 4

0.05
0.15

10

0.00
0.00

0.0
0.0

0.00
0.01

0.0
6.7

N

0

Orthophosphate

IC

ACb

0.02

0.02

0.02 - 0.25

0.02 - 0.25

0.031
0.062
0.123
0.215

10

151
161
84
74

-0.005
-0.007
-0.006
-0. 010

-16.1
-11. 3
-4.9
-4.6

0.007
0.008
0.006
0.010

3.2
l. 3

26.9
14.5
5.1
4.9

Table 2.

Method
U~tection

Analyte

Potdssium

MP.thod

0.001

FAAS

rcb

Sodium

N

......

Sulfate

FAAS

mg/L

0.01

c

0.003

Limit,

(continued)

Concentration
Theoretical
Ranqe,
Concentrdtion,
mg/L
m4/L

<l
Tl

Bias,
m4/L

%

Precision,
RSD,
s,
%
mq/L

0. 003 - l. 00

0.021
0.098

127
122

-0.001
-0.003

-4.8
-3.1

0.001
0.001

5.0
1.0

0.01 - 1.00

0.021
0.098

7
7

0.003
0.000

14. 3
0.0

0.004
0.005

16.7
5.1

0.003 - 1.00

0.082
0.465

123
122

0.002
0.014

2.4
1.0

0.001
0.003

l. 2
0.6

7
7

0.008
-0. 011

9.8
-2.4

0.009
0.019

10.0
4.2

!Cb

0. 0.1

0.03 - LOO

O.OH2
0.465

IC

0.03

0.03 - 8.00

0.72
0.94
3.60

.l40
482
122

0.00
-0.02
0.09

0.0
-2.1
2.5

0.03
0.03
0. 11

4.2
3. 3
3. 0

l\C

0.05

0.05 - 6.00

0.94
7.20

170
172

-0.04
-0.07

-4. /.
-1. 0

0.06
0.11

6.7
l. 5

A portion ot the above ddta was obtained trom records of measurem<'!nts made under the direction of the
N/\DP/NTN quality assurctnce proqram.
a.
b.
c.

Number of replicates
Concentrations dre significant to two d0.cimal places
589.0 nm wavelength setting
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1.

2.

SCOPE AND APPLICATION
1.1

This method is applicable to the determination of specific
conductance in wet deposition samples by electrolytic measurement
using a conductance cell as the sensor.

1.2

The term "wet deposition" is used in this method to designate rain,
snow, dew, sleet, and hail.

1.3

Figure 1 represents a cumulative frequency percentile specific
conductance plot obtained from analyses of over five thousand wet
deposition samples. These data may be used as an aid in the
selection of calibration standards. The operating range of this
method is 0.10-1000 uS/cm. Most wet deposition samples have
a specific conductance in the range of 5 to 50 uS/cm.

SUMMARY OF METHOD
2.1

Specific conductance is a numerical expression of the ability of an
aqueous solution to carry an electric current. This ability depends
on the presence of ions, their total concentration, mobility, and
valence.
Conductance is also a function of the relative
concentrations of the ions in solution and of the solution
temperature. The physical measurement made in a laboratory
determination of specific conductance is resistance, expressed as:
R = K ( l/a)

where:

2
a = cross section of conductor (cm )
length of conductor (cm)
1
Measured Resistance
K
cell co~stant
Specific Resistance

Specific resistance is the resistance of a cube 1 cm on an edge.
Since commercially available conductance cells measure a given
fraction of the specific resistance, it is necessary to include the
cell constant when determining specific conductance.
The conductance
meter and the associated cell are calibrated using potassium chloride
solutions of known specific conductances comparable to that found in
wet deposition samples.
3.

DEFINITIONS
3.1

ELECTRICAL CONDUCTANCE -- the reciprocal of the resistance in ohms
measured between opposite faces of a centimeter cube of an aqueous
solution at a specified temperature (14.1).

3.2

For definitions of other terms used in this method, refer to the
glossary.
For an explanation of the metric system including units,
symbols, and conversion factors see American Society for Testing and
Materials (ASTM) Standard E 380, "Metric Practices" (14.2).
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4.

5.

6.

INTERFERENCES
4.1

The conductance cell reliably measures specific conductance in
nearly all aqueous solutions and in general is not subject to
solution interferences from color, turbidity, oxidants, or
reductants.

4.2

Exposure of samples to laboratory atmosphere can result in the
absor!?t ion of carbon dioxide, amrr.or.ia, and other gases by the
solutior. being analyzed. With this absorption of additional
electrolytes, the measured conductance of the sample is elevated.
To
mir.imize errors, keep all sample aliquots tightly covered prior to
analysis.

4.3

Organic materials dispersed in water will affect the cell constant
and the accuracy of measurements by coating the electrode surface.
To remove these coatings, refer to the manual accompanying the
conductance cell for the manufacturer's recommendations for
cleaning the cell.

SAFETY
5.1

The calibration standards, sample types, and most reagents used in
this method pose no hazard to the analyst. use a fume hood,
protective clothing, and safety glasses when handling concentrated
nitric acid (Sect. 7.4).

5.2

Follow American Chemical Society guidelines regarding the safe
handling of chemicals used in this method (14.3).

APPAR~TUS

6.1

EQUIP~·lEN'!'

SPECIFIC CONDUCTA~CE METER -- Select an instrument equip?ed with a
manual or electrically balanced cor.ductar.ce hridge, powered by
battery or 110 V AC line.
If battery powered, however, the meter
must have a battery check feat~re.
Select an instrument capable of
measuring conductance with an error not exceeding 1% or 1 uS/cm,
whichever is greater.
The meter used must have a range of
C.l-1000 uS/cm and readability to 0.1 uS/cm sensitivity.
6.1.l

6.3

AND

Check the eiectror.1c cali~ration of the meter ~onthly ar.d
adjust when necessary. This may be accon~lished either through
use of an internal calibration feature or an external
calibration set.

SPECIFIC CONDUCTANCE CELL -- Conductar.ce cells are available in
pipette, flow-through, cup, or unmersion form.
Select a cell having
a constant of 1.0 or 0.1.
A sample vo:ume requirement of 10 mL or
less is desirable.
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7.

6.3.1

When not in use, rinse the cell thoroughly with water (Sect.
7.2) and store according to manufacturer's guidelines.

6.3.2

If readings become erratic, refer to the manual accompanying
the cell for the manufacturer's recommendations.

6.4

THERMOMETER -- Select a thermometer cagable of being read to the
0
nearest 0.1°c and covering the range 0 -4o c.

6.5

LABORATORY FACILITIES -- Laboratories used for the analysis of
wet deposition samples should be free from external sources of
contamination. The use of laminar flow clean air workstations is
recommended for sample processing and preparation to avoid the
introduction of airborne contaminants. Samples should always be
capped or covered prior to analysis. A positive pressure
environment within the laboratory is also recommended to minimize
the introduction of external sources of contaminant gases and
particulates. Windows within the laboratory should be kept closed
at all times and sealed if air leaks are apparent. The use of
disposable tacky floor mats at the entrance to the laboratory is
helpful in reducing the particulate loading within the room.
Maintain laboratory temperature within +3°c.

REAGENTS AND CONSUMABLE MATERIALS
7.1

PURITY OF REAGENTS -- Use reagent grade chemicals for all solutions.
All reagents shall conform to the specifications of the Committee on
Analytical Reagents of the American Chemical Society, where such
specifications are available.

7.2

PURITY OF WATER -- Use water conforming to ASTM Specification D
1193, Type II (14.4). Point of use 0.2 micrometer filters are
recommended for all faucets supplying ASTM Type II water to prevent
the introduction of bacteria and/or ion exchange resins into
reagents, standard solutions, and internally formulated quality
control check solutions.

7. 3

POTASSIUM CHLORIDE REFERENCE SOLUTION (5.0 x 10
N) -- Dissolve
37.28 mg anhydrous potassium chloride (KCl), dried at 105°C for one
hour, in water (Sect. 7.2) and dilute to 1 L. This solution has a
specific conductance of 73.9 us/cm at 25°c. Store the reference
solution at room temperature in a tightly sealed high density
polyethylene or polypropylene container for a period not exceeding
one year.

-4

7.3.l

Determine if the meter reading is linear throughout all range
settings using the reference solution described above.
If
not, recalibrate the meter at higher and/or lower settings as
needed with different concentrations of KCl reference solution
prepared according to Table 2.
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7.4

7.5

8.

-5
QUALITY CONTROL CHECK SAMPLE (5.0 x 10
N HN0 ) -- Dilute 1.0 mL
3
of concentrated nitric acid (HN0 , sp gr 1.42) to l L with water
3
(Sect. 7.2). Dilute 3.2 mL of this stock solution to 1 L with water.
The resulting solution has a conductance of 21.8 uS/cm at 25°c.
Store at room temperature in a high density polyethylene or
polypropylene container for a period not exceeding one year.
SAMPLE CONTAINERS -- Use glass or disposable polyolef in sample cups
if the conductance cell selected requires a sample container.
Rinse
the sample cups a minimum of three times with water (Sect. 7.2)
before use.

SAMPLE COLLECTION, PRESERVATION AND STORAGE
8.1

Collect samples in high density polyethylene (HOPE) containers that
have been thoroughly rinsed with ASTM Type II water (7.2).
Do not
use strong mineral acids or alkaline detergent solutions for cleaning
collection vessels.
Residual acids may remain in the polyethylene
matrix and slowly leach back into the sample.
Alkaline detergents
may also leave residues that may affect the sample chemistry.
Cap
collection bottles after cleaning to prevent contamination from
airborne contaminants.
Air dry collection buckets in a laminar flow
clean air workstation and wrap in polyethylene bags prior to use.
If
a laminar flow workstation is not available, pour out any residual
rinse water and bag the buckets immediately.
Do not dry the bucket
interior by any method other than air drying in a laminar flow clean
air workstation.

8.2

The frequency of sample collection and the choice of sampler design
are dependent on the monitoring objectives.
In general, the use of
wet-only samplers is recommended to exclude dry deposition
contributions, minimize sample contamination, retard evaporation,
and enhance sample stability.
Sample collection frequency may vary
from sequential sampling within a wet deposition event to weekly
sampling periods.
Collection periods of more than one week are not
recommended since sample integrity may be compromised by longer
exposure periods.

8.3

The dissolution of particulate materials and the presence of
microbial activity will affect the stability o: the ions in wet
deposition samples (14.5).
This instability can result in either an
increase or a decrease in specific conductance of the solution.
Measurements of conductance should be made immediately after sample
collection and thermal equilibration with calibration standard(s).
Refrigeration of samples at 4°c will minimize but not prevent
changes in specific conductance.
8.3.1

Filtration of samples through a 0.45 micrometer membrane
leached with water (Sect. 7.2) is effective at stabilizing
changes in conductance that result from the dissolution of
alkaline particulate matter (14.5).
Monitoring of the
filtration procedure is necessary to ensure that samples are
not contaminated by the membrane or filtration apparatus.
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9.

10.

CALIBRATION AND STANDARDIZATION
0

9.1

Bring all standards and samples to ambient temperature,

9.2

Rinse the specific conductance cell at least three times with the
same volume of KCl standard as the aliquot to be measured. Measure
the conductance of a fourth portion of the KCl standard. The
conductance measured for the calibration solution must agree within
~2 us/cm of the nominal value.

9.3

CELL CONSTANT

(+l C).

9.3.1

If the meter selected requires that a cell constant be
calculated, use the equations provided in Sect. 12.2.

9.3.2

If the specific conductance of the reference solution is
incorporated into the meter for direct readout of conductance,
follow the manufacturer's guidelines for calibration.

QUALITY CONTROL
10.l

Each laboratory using this method should develop formalized quality
control protocols to continually monitor the bias and precision of
all measuremer.ts. These protocols are required to ensure that the
measurement system is in a state of statistical control. Estimates
of bias and precision for wet deposition analyses cannot be made
unless these control procedures are followed.
Detailed guidelines
for the development of quality assurance and quality control
protocols for wet deposition measurement systems are published in a
manual availaole from the United States Environmental Protection
Agency, Research Triangle Park, NC 27711 (14.6).
Included in this
manual are procedures for the development of statistical control
charts for use in monitoring bias and precision as well as
recommendations for the introduction of reagent blanks, laboratory
duplicates, field duplicates, spike samples, and performance
evaluation samples. These guidelines are to be used by all
laboratories involved with wet deposition measurements.

10.2

ESTABLISHMENT OF WARNING AND CONTROL LIMITS -- Warning and control
limits are used to monitor the analyses of quality cont~ol check
samples (QCS) .
10.2.1

Quality Control Check Samples (QCS) -- Calculate warning
and control limits for QCS solutions from a minimum of ten
analyses performed on ten days to provide a realistic
estimate of the method variability.
Calculate a standard
deviation (s) for the measured cor.ductance of each QCS
solution. Use the certified or NBS traceable specific
conductance as the mean (target) value (x) for determining
control limits.
A warning limit of x ~ 2s and a control
limit of x + 3s should be used. Constant positive or
negative measurements with respect to the true value are
indicative of a method or procedural bias.
If the measured
conductance for the QCS solutions fall outside of the +3s
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limits, recalibrate the system and reanalyze all samples
from the last time the system was in cor.trol.
If two
successive QCS conductance measurements are outside of the
~2s limits, verify the meter calibration according to
Sect. 10.5 before continuing with sample measurements.
The
standard deviations used to generate the QCS control limits
s~ould be comparable to the single operator precision
reported in Table 1. Reestablish r.ew warning and control
limits whenever instrumental operating conditions are
varied or QCS concentrations are changed.
10.2.2

All warning and control limits should be reevaluated on a
continual basis as additional data are collected during
routine analyses.
The limits should be broadened or
narrowed if a recalculated standard deviation under similar
operating conditions provides a differe~t estimate of the
procedure variability.

10.3

Monitor the cleaning procedure by pouring a volume of water (Sect.
7.2) that approximates the median sample size into the collection
vessel. Allow the water to remain in the sealed or capped
collection container for at least 24 hours and determine the
specific conductance of the solution.
If the measured conductance
is greater than 3 uS/cm, a contamination problem is indicated in
the cleaning procedure. Corrective action should be taken before
the samplir.g containers are used for the collection of wet
deposition.

10.4

Conductance cells used for the measurement of wet deposition
samples should not be used for other sample types.
Strongly acidic
or basic solutions may cause cell degradation and result in biased
measurements.
Similarly, samples characterized by high
concentrations of organic matter may leave a residue on the cell
resulting in inacc~rate measurements.

lG.5

Verify the meter calibration after every ten samples and at the end
of each day's analyses.
If the measured conductance falls outside
of tr.e limits described in Sect. 9.2, recalibrate the conductance
meter assembly and reanalyze t~ose samples analyzed since the last
ca~ibration.

10.6

Deternine the conductance of a quality control c~eck sample (QCS)
after the meter ar.d cell asse:nbly have been calibrated. This
sample may be formulated in the laboratory, obtained from the
National Bureau of Standards (NBS Standard Reference Material 2694,
Simulated Rainwater), or the Cnited States Environmental Protection
Agency (NBS Traceable Reference Material) . Verify the accuracy of
internally formulated QCS solutions with an NBS traceable standard
before acceptance as a quality control check.
The check sample
selected should approximate the conductance of the samples to be
analyzed.
If the measured value for the QCS is not within the
specified limits of the control solution, measure a second aliquot.
Failure to obtain acceptable results on the second aliquot
indicates a problem with the cell or meter.
Check the conductance
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meter according to the manufacturer's guidelines.
If a cell
problem is indicated, replace the cell and repeat the calibration
procedure before measuring the QCS again.
Plot the data obtained
from the QCS checks on a control chart for routine assessments of
bias and precision.
10.6.l

11.

The conductance of the QCS should be measured after every
ten samples or after completion of a batch of samples
consisting of less than ten.
If the QCS measurement is out
of the predetermined control limits, check the calibration
and recalibrate if it ~as shifted by more than 2 uS/cm.
Recheck the QCS and reanalyze all samples from the last
time the measurement system was in control.

10.7

Submit a Field Blank (FB) to the laboratory for every 20 samples.
The FB may consist of a water sample (Sect. 7.2) or a known
reference solution that approximates the concentration levels
c~aracteristic of wet depositior..
The FB is poured into the
sampling vessel at the field site and undergoes identical
processing and analytical protocols as the wet deposition
sample(s).
Use the analytical data obtained from the FB to
determine any contamination introduced in the field and laboratory
handling procedures. The data from the known reference solution
can be used to calc~late a system precision and bias.

10.8

Participation in performance evaluation studies is recommended for
wet deposition chemistry laboratories.
The samples used for these
performance audits should contain the analytes of interest at
concentrations withir. the normal working range of the method.
The
true values are unknown to the analyst.
Perfor~ance evaluation
studies for wet deposition chemistry laboratories are conducted
semiannually by the USEPA Performance Evaluation Branch, Quality
Ass~rance Division, Research Triangle Park, NC
27711.

PROCSDURE
11.1

Determine the temperature of the wet depos1ticn sample to be tested
and bring all standards and samples to ambient temperature,
(+1°C).

11.2

Calibrate the conductance assembly as described in Sect. 9.

11.3

After the cell and me~er are calibrated, measure the QCS.
If the
measured value for the QCS is not within the specified limits
(Sect. 10.2.l), refer to Sect. 10.6.

11.4

Rinse the cell at least three times with the same volume of water
(Sect. 7.2) as the sample aliquot to be measured, discarding each
rinse.
Determine the specific conductance of a fourth portion of
the water to the nearest 0.1 uS/cm.
If the corrected specific
conductance exceeds 1.0 uS/cm, the water is not suitable for use in
specific conductance measurements.
Discard the water and any
standard solutions or quality control check samples that have been
prepared using that water.

120.6-9

11.5

Rinse the cell at least three times with the same volume of water
(Sect. 7.2) as the sample aliquot to be measured, discarding each
rinse.
Rinse the cell with an aliquot of the wet deposition sample
to be measured. Discard the rinse solution.
Determir.e the
specific conductance of a second portion of the sample.
Note: When the same sample aliquot must be Jsed for further
ar.alyses, measure the specific conductance prior to all other
determinations.
Measurement of pH especially must be postponed.
Leakage of reference solution from a pH reference cell will alter
the measured value of the specific conductance of the solution
( 14. 7) .

12.

CALCULATIONS
12.1

If the meter selected has a :eature that allows adjustmer.t of the
direct reacout of the specific conductance standard to the
theoretical value, no calculations are required.

12.2

CELL CONSTANT -- If the meter selected requires that a cell
constant be calculated, follow the instructions provided below:
12.2.1

Compute the corrected cell constant, KC, that includes
the calculation for the cell constant, K, and temperature
0
cor~ection to 2s c, using the conductance value obtained
in Sect. 9.2 and the following equation:
74 uS/c!71

where:

12.2.2

KCl

~1

conductance value measured :or the KCl
standard (uS/c~)

Determine the corrected specific conductar.ce for the
water (Sect. 7.2) usir.g the corrected cell constant, the
condJctar.ce value measured in Sect. 11.4, and the following
equation:
W

C

where:

w
c

= K

C

x W

M

Corrected specific conductance value for the
water sample (uS/cm)
Speci:ic conductance value measured fer the
water sample {uS/cm)
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12.2.3

Determine the corrected sample conductance using the
following equatior., the corrected cell constant, and the
conductance value measured in Sect. 11.5.

where:

12.3
13.

Corrected specific conductance value for the
wet deposition sample (uS/cm)
Specific conductance value measured for the
wet deposition sample (uS/cm)

Report specific conductance to the nearest tenth in units of uS/cm.

PRECISION AND BIAS
13.1

14.

SC

Single operator precision ar.d bias were determined from
measurements of quality control check samples that approximated the
conductance range of wet deposition samples. The results are
tabulated in Table 1.
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Table 1.

Theoretical
Conductance,
uS/cm

Single-Operator Bias and Precision of. Specific
Conductance Measurements Determined from
Quality Control Check Samples.

Mean Measured
Conductance,
uS/cm

n

a

Bias,
uS/cm
%

Precision
s,
RSD,
uS/cm
%

21.8

22.0

80

0.2

1.0

O.J

1. 4

128.0

128.2

9

0.2

0.1

2.0

1.6

The above data were obtained from the records of conductance measurements
made under the direction of the NADP qu~5ity assurance program.
The quality
control solutions used were a 5.01 x 10 N nitric acid solution having a
0
calculated specific conductance of 21.8 uS/cm at 2s c and a simulated
rainwater solution (Research Material #8409-II) ~rovided by the National
Bureau of Standards.
a.

Number of replicates.
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Table 2.

Specific Conductance of KCl Solutions at 25°c
as a Function of the Molar Concentration.

Specific
Conductance,
us/cm

Concentration,
moles of KCl/L

0.0001
0.0002
0.0003
0.0004
0.0005
0.0006
0.0007
0.0008
0.0009
0.0010

14.89
29. 71
44.47
59.20
73.89
88.55
103.19
117. 80
132. 38
146.95
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Figure 1.

Percentile Concentration Values Obtained from
Wet Deposition Samples: Specific Conductance
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1.

2.

SCOPE AND APPLICATION
1.1

This method is applicable to the determination of pH in wet
deposition samples by electrometric measurement using either a pH
half cell with a reference probe or a combination electrode as the
sensor.

1.2

The term ''wet deposition" is used in this method to designate rain,
snow, dew, sleet, and hail.

1.3

Figure 1 represents a cumulative frequency percentile pH plot
obtained from analyses of over five thousand wet deposition samples.
These data may be used as an aid in the selection of appropriate
calibration buffers.

SUMMARY OF METHOD
2.1

Electrodes approximate the pH of a solution by the Nernst equation
that relates the potential measured by the pH electrode in a standard
buffer solution to that measured in an unknown sample:
(E - E )F
pH

where:

pH
s
E
E

Fs
R
T

pH

s

s

+

2.3026 RT

pH of the standard buffer solution
potential measured in an unknown sample
potential measured in the buffer solution
Faraday's constant
gas constant
absolute temperature (T(°C) + 273)

Values of the factor F/(2.3026 RT) at different temperatures are
provided in Table 1. The pH meter and the associated electrode(s)
are calibrated with two reference buffer solutions that bracket
the anticipated sample pH.
The pH of t~e wet deposition sample is
determined from this calibration.
3.

DEFINITIONS
3.1

pH -- the negative logarithm to the base ten of the conventional
hydrogen ion activity (14.1):
pH = -log[H + ]

3.2

For definitions of other terms used in this method, refer to the
glossary.
For an explanation of the metric system including units,
symbols, and conversion factors see American Society for Testing and
Materials (ASTM) Standard E 380, "Metric Practices'' (14.2).
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4.

INTERFERENCES
4.1

The pH meter and the associated electrode(s) reliably measure pH in
nearly all aqueous solutions and in general are not subject to
solution interferences from color, turbidity, oxidants, or
reductants.

4.2

The true pH of an aqueous solution is affected by the temperature.
The electromotive force between the glass and the reference electrode
is a function of temperature as well as pH.
Temperature effects
caused by a change in electrode output can be compensated for
automatically or manually depending on the pH meter selected.

4.3

Organic materials dispersed in water appear to poison the glass
electrode, particularly when analyzing low ionic strength solutions.
Difficulty encountered when standardizing the electrode(s), erratic
readings, or slow response times may be an indication of
contamination of the glass bulb.
To remove these coatings, refer to
the manual accompanying the probe for the manufacturer's
recommendations.

4.4

When analyzing samples that have low ionic strengths, such as wet
deposition, an effect known as ''residual junction potential" can lead
to errors as large as 0.1 pH units (14.3). This error occurs when
the junction potential of the sample differs greatly from that of the
standard. These conditions are frequently met in wet deposition
analyses when the pH electrode(s) is calibrated with high ionic
strength standard reference buffers. This error is reduced by using
a reference electrode with a ceramic junction.

4.5

When measuring the pH of wet deposition, the sample may be agitated
to speed electrode response. Care must be taken, however, to avoid
introducing a source of error known as ''residual streaming potential"
that can result in a significant difference between the stirred and
unstirred pH of the sample (14.4).
The magnitude of the streaming
potential is dependent on the electrode(s) and on the stirring rate.
Differences in pH for stirred and unstirred wet deposition samples
when the electrode assembly has been calibrated only with quiescent
reference standards average 0.05 pH units at a stirring rate of
4 revolutions per second.
4.5.1

Eliminate the errors associated with residual streaming
potentials by agitating all calibration standards and wet
deposition samples thoroughly to speed electrode response and
then allowing each aliquot to become quiescent before taking
a pH reading.

4.5.2

If magnetic stirring is used, take care not to contaminate
the sample when inserting the stirring bar.
Maintain an air
space between the surface of the stirring motor and the sample
container to prevent heating the wet deposition sample.
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5.

6.

SAFETY
5.1

The reference buffer solutions, sample types, and most reagents used
in this method pose no hazard to the ar.alyst.
Use a fume hood,
protective clothing, and safety glasses when handling concentrated
nitric (Sect. 7.4) and hydrochloric acids (Sect. 7.5.1) and sodium
hydroxide (Sect. 7.5.3-7.5.4).

5.2

Follow American Chemical Society guidelines regardir.g the safe
handling of chemicals used in this method (14.5).

APPARATUS AND EQUIPMENT
6.1

LABORATORY pH METER -- The meter may have either an analog or
digital display with a readability of O.Cl pH units.
A meter that
has separate calibration and slope adjustment features and is
electrically shielded to avoid interferences from stray currents or
static charge is necessary.
It may be powered by battery or 110 V AC
line; if battery powered, the meter must have a battery check
feature.
A temperature compensator control to allow accurate
measurements at temperatures other than 25°c is desirable.

6.2

SENSING ELECTRODE -- Select a sensing electrode constructed of
general purpose glass.
This electrode type is characterized by
low resistance, quick response, and has a reliable range of 0-14 pH
units.
Refer to the man~al accompanying the probe for the
manufacturer's recommendations on electrode storage.

6.3

REFERENCE ELECTRODE -- The reference electrode recommended for wet
deposition ar.alysis is one equipped with a ceramic junction.
The
ceramic construction minimizes dif ferer.ces in potential between high
ionic strength b~ffers and low ionic strength samples thus reducing
errors from residual junction potential (14.3).
A reference probe
equipped with a ceramic junction in an annular ring configuration
generates a more stable potential in less time due to a higher flow
of internal electrolyte into t~e solution. Single pore ceramic frit
junctions also provide adequate electrolyte flow.
Table 2 lists
suitable reference electrodes that have been found to be
satisfactory.
Other electrodes having similar charac~eristics are
also suitable.
Refer to the mar.ual acco~panying the probe for the
manufacturer's recommendations on electrode storage.

6.4

COMBINATION ELECTRODE -- The combination electrode combir.es the
indicating and reference elements in a single unit.
Since sample
volume requirements are a consideration w~er. analyzing wet deposition
samples, combination electroces are more convenient than separate
glass and reference electrodes. Refer to the manual accompanying
the probe for the manufacturer's recor.unendations on electrode
storage.
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7.

6.5

TEMPERATURE CONTROL -- To ensure accurate results, use either a
constant temperature water bath, a temperature compensator, or a
thermometer to verify that all standards and samples are maintained
at temperatures within +1°c of one another.
If a thermometer is
0
used, select one capable of being read to the nearest i c and
0
0
covering the range 0 -40 C.

6.6

STIRRING DEVICE (optional) -- electric or water-driven.
If an
electric stirrer is selected, leave an air gap or place an insulating
pad between t~e stirrer surface and the solution container to
minimize heating of the sample.
Use a TFE-fluorocarbon-coated
stirring bar.

6.7

LABORATORY FACILITIES -- Laboratories used for the analysis of wet
deposition samples should be free from external sources of
contamination. The use of laminar flow clean air workstations is
recommended for sa~ple processing ar.d preparation to avoid the
introduction of airborne contaminants.
Samples should always be
capped or covered prior to analysis. A positive pressure
environment within the laboratory is also recommended to minimize
the introduction of external sources of contaminant gases and
particulates. Windows within the laboratory should be kept closed
at all times and sealed if air leaks are apparent.
The use of
disposable tacky floor mats at the entrar.ce to the laboratory is
helpful in reducing the particulate loading within the room.

REAGENTS AND CONSUMABLE MATERIALS
7.1

PURITY OF REAGENTS -- Use reagent grade chemicals for all solutions.
A:l reagents shall conform to tte specifications of the Committee on
Analytical Reagents of the Americar. Chemical Society (ACS) where such
specifications are available.

7.2

PURITY OF WATER -- Use water conforming to ASTM Specification D
1193, Type II (14.6).
Poir.t of use 0.2 micrometer filters are
recoll\J:lended for all faucets supplying ASTM Type II water to prevent
the introduction of bacteria and/or ior. exchange resins in~o
reagents, standard solutions, a~d internally formulated quality
control check solutions.

7.3

5
QUALITY CONTROL CHECK SAMPLE (QCS) (5.0 x 10- ~ HNO ) -- Dilute
1.0 mL of concentrated nitric acid (HN0 , sp gr l.42f to 1 L with
3
water (Sect 7.2). Dilute 3.2 mL of this stock solution to l L with
water (Sect 7.2). The resulting solution has a pH of 4.30 ~ 0.10
at 25°c.
Store at room te~perature in a ~igh density polyethylene
or polypropylene container.
This solutio~ is stable for one year.

150.6-6

7.4

7.5

8.

REFERENCE BUFFER SOLUTIONS -- Table 3 identifies each buffer salt by
its National Bureau of Star.dards (NBS) number and provides a
recommended drying procedure prior to use.
Store the reference
buffer solutions in polyethylene or chemical-resistant glass bottles
and replace after one year or sooner if a visible change
such as the development of colloidal or particulate materials is
observed.
7.4.l

Phthalate Reference Buffer Solution (0.02 N HCl, 0.05 N
KHC H 0 ) -- Add 83.0 mL of concentrated hydrochloric
aci~ 1H~l, sp gr 1.19) to water (Sect. 7.2) and dilute to
l L.
Dissolve 10.20 g of potassium hydrogen phthalate
(KHC ~ o ) in 22.3 mL of the hydrochloric acid solution
8 4 4
and dilute to l L with wate~ (Sect. 7.2). This solution has
0
a pH of 3.00 at 25 C.

7. 4. 2

Phthalate Reference Buffer Solution (0.05 N KHC H o ) -
8 4 4
Dissolve 10.12 g of potassium hydrogen phthalate
(KHC H o ) in water (Sect. 7.2) and dilute to 1 L.
This
8 4 4
0
solution has a pH of 4.00 at 25 C.

7. 4. 3

Phosphate Reference Buffer Solution (0.005 N NaOH, 0.05 N
KH Po ) -- Dissolve 4.00 g of sodium hydroxide (NaOH) in
2 4
water (Sect. 7.2) and dilute to l L.
Dissolve 6.80 g of
potassium dihydrogen phosphate (KH Po ) in 56.0 mL of the
2
hydroxide solution and dilute to 1 L ~ith water (Sect. 7.2).
0
This solution has a pH of 6.00 at 25 C.

7.4.4

Phosphate Reference Buffer Solution (0.03 N KaOH, 0.05 N
KH Po J -- Dissolve 40.0 g of sodium hydroxide (NaOH) in
2 4
water (Sect. 7.2) and dilute to 1 L. Dissolve 6.80 g o:
potassium dihydroger. phosphate (KH Po 1 ir. 29.l ~L of the
2 4
hydroxide solution and dilute to 1 L with water (Sect. 7.2).
0
This solution has a pH of 7.00 at 25 c.

7.4.5

Commercial Buffer Scl~tions -- Commercially available buf:er
solutions traceable to NBS buffers are adequate for
standardization. These commercial ~uffer solutions usually
have pH values near 3, 4, 6, ar.d 7, the exact pH and use
~emperature being provided by the supplier of the specific
buffer.

SAMPLE CONTAINERS -- Use glass or polyolefin sample cups that have
been thoroughly rinsed with water (Sect. 7.2) before use.

SAMPLE COLLECTION, PRESERVATION AND STORAGE
8.1

Collect samples in high density polyethylene (HOPE) containers tha~
have been thoroughly rinsed with water (Sect. 7.2). Do r.ot use
strong mineral acids or alkaline detergent solutions for cleaning
collection vessels.
Residual acids May remain in the polyethylene
matrix and slowly leach back into the sample. Alkaline detergents
may also leave residues that may affect the sample chemistry. Cap
collection bottles after cleaning to prevent contamination from
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airborne contaminants. Air dry collection buckets in a laminar flow
clean air workstatior. ar.d wrap in polyethylene bags prior to use.
If
a laminar flow workstation is not available, pour out any residual
rinse water and bag the buckets immediately.
Do not dry the bucket
interior by any methcd other than air drying in a laminar flow clean
air workstation.

9.

8.2

The frequency of sample collection and the choice of sampler design
are dependent on the monitoring objectives.
In general, the use of
wet-only samplers is recommended to exclude dry deposition
contributions, minimize sample contamination, retard evaporation,
and enhance sample stability.
Sample collection frequency may vary
from sequential sampling within a wet deposition event to weekly
sampling periods. Collection periods of more than one week are not
recommended sir.ce sample integrity may be compromised by longer
exposure periods.

8.3

The dissolution of particulate materials ar.d the presence of
microbial activity will affect t~e stability of hydrogen ions (pH)
in wet deposition samples (14.7, 14.8). This instability generally
results in a decrease ir. hydrogen ions (higher pH).
Measurements of
pH should be made immediately after sample collection and thermal
eguilibration with calibratior. buffers.
Refrigeration of samples at
4 C will minimize but not prevent a decrease in the hydrogen ion
content.
8.3.l

Filtration of sanples through a 0.45 micrometer membrane
leached with water (Sect. 7.2) is effective at stabilizing pH
values that are influenced by the dissolution of alkaline
particulate matter (14. 7).
Monitoring of the filtration
procedure is necessary to ens~re that samples are not
contanir.ated by the rr.embrane or filtration apparatus.

8.3.2

A biocide such as chloro:orm (CHC1 ) may be used to
3
stabilize the organic acid conponent of the measured pH
and to prevent pH changes due to biological reactions on
other sample constituents (14.8). Add the chloroform (0.5 mL
per 250 mL sample) tc a separate sample aliquot t~at will be
used only for the measurement of pH.

CALIBRATION AND STANDARDIZATION
9.1

Turn on the meter and allow it to warm up according to manufacturer's
instructions.

9.2

If necessary, add fillir.g solution to the electrode before usir.g.
Maintain the filling so!ution level at least one inch above the level
of the sample surface to ensure proper electrolyte flow rate.

9.3

Determine the temperature of the wet deposition sample. Allow
sample, buffers, and QCS solutions to reach room temperature before
making pH measurements or bring the temperature of all solutions to
within +1°c of each other.
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9.4

Select two reference buffer solutions that bracket the anticipated
pH of the wet deposition sample. The difference between the
nominal pH values of the two buffers should not exceed three pH
units. Buffer solutions with pH's of 7.00 and 4.00 are recommended
for wet deposition samples.

9.5

CALIBRATION FUNCTION

9.6

9. 7

9.5.1

Ri~se the electrode(s) with three changes of water (Sect. 7.2)
or with a flowing stream from a wash bottle. Disoense two
aliquots of the buffer with the higher pH into separate, clean
sample cups.
Insert the electrode(s) into one aliquot for
30 seconds.

9.5.2

Remove the electrode(s) from the first aliquot and insert
directly into the second. Allow either two minutes for
equilibration or allow sufficient time for the reading to
remain steady within ~0.01 pH units for 30 seconds.

9.5.3

Adjust the calibratior. control until the reading corresponds
to the temperature corrected value of the reference buffer
solution.

SLOPE FUNCTION
9.6.1

Rinse the electrode(s) with three changes of water (Sect. 7.2)
or with a f lowi~g stream from a wash bottle. Dispense two
aliq~ots of the second reference buffer solution into
separate, c~ean sample cups.
Insert the electrode(s) into or.e
aliquot for 30 seconds.

9.6.2

Remove the electrode(s) from the first aliquot and insert
directly into the second. Allow the system to equilibrate as
cirected in Sect. 9.5.2.

9.6.3

Adjust the slope function until the reading corresponds to
the temperature corrected value of the reference buffer
solution.

CALIBRATION CHECK
9.7.1

Remove the electrode(s), rinse thoroughly, a~d place into the
first reference ouffer solution.
If the pH does not read
within ~0.01 ur.its of the temperature corrected value,
repeat the calibration proced~re until the buffers agree.
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10.

QUALITY CONTROL
10.l

Each laboratory using this method should develop formalized quality
control protocols to continually monitor the oias and precision of
all measurements.
These protocols are required to ensure that the
measurement system is in a state of statistical control. Estimates
of bias and precision for wet deposition analyses cannot be made
~nless these control procedures are followed.
Detailed guidelines
for the development of quality assurance and quality control
protocols for precipitation measurement systems a~e published in a
manual available from the United States Environmental Protection
Agency, Research Triangle Park, NC 27711 (14.9).
Included in this
manual are procedures for the development of statistical control
charts for use in monitoring bias and precision as well as
recommendations for the introduction of reagent blanks, laboratory
duplicates, field duplicates, spike samples, and performance
evaluation samples.
These guidelines are to be used by all
laboratories involved with wet deposition measurements.

10.2

ESTABLISHMENT OF WARNING AND CONTROL LIMITS -- Warning and control
limits are used to monitor the analyses of quality control check
samples (QCS).
10.2.1

Quality Control Check Samples (QCS) -- Calculate warning
and cor.trol limits for QCS solutions from a minimum of ten
analyses performed on ten days to provide a realistic
estimate of method varia~ility. Calculate a standard
deviation (s) for the pH measurements for each QCS
solution.
Use the certified er NBS traceable pH value as
t~e mean (target) value (xJ for determining the control
limits.
A warning limit of ~2s and a control li~it of
+3s should be used. Constant positive or negative
measurements with respect to the true value are indicative
of a method or procedural bias.
If the pH measurements for
the QCS solutions fall outside of the ~3s limits,
recalibrate the system and reanalyze all samples f~om the
last time the system was in control.
If two successive QCS
pH measurements are outside of the ~2s limits, verify the
meter calibration according tc Sect. 10.5 before continuing
with sample measurements.
The standard deviations used to
gene~ate the QCS control limits should be comparable to the
single operator p~ecisior. reported in Table 4.
Reestablish
~ew warning and control limits whenever instrumental
operatir.g conditions are varied or QCS concentrations are
changed.

10.2.2

All warning and control limits should be reevaluated on a
continual basis as additional data are collected during
routine analyses.
The limits should be broadened or
narrowed if a recalculated standard deviation under similar
operating cor.ditions provides a different estimate of the
procedu~e variability.
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10.3

Monitor the cleaning procedure by pouring a volume of water (Sect.
7.2) that approximates the mediar. sample size into the collection
vessel. Allow the water to remain in the sealed or capped
collection contai~er for at least 24 hours and determine the
solution pH.
If the measured pH is not within the range of
5.4-6.0, a contamination problem is indicated in the cleaning
procedure. Corrective action should be taken before the sampling
containers are used for the collection of wet deposition.

10.4

Electrodes used for the measureme~t of wet deposition samples
should not be used for other sample types. Strongly acidic or
basic solutions may cause electrode degradation and result in
biased measurements and/or slow response in precipitation samples.
Similarly, samples characterized by high concentrations of organic
matter may leave a residue on the glass sensing bulb resulting in
slow electrode response.

10.5

Verify the meter calibration after every ten samples and at the end
of each day's analyses using both reference buffer solutions. The
pH measured for the calibration buffers must agree within ~0.02
of the temperature corrected value reported for each buffer.
If
the measured pH of either buffer falls outside of these limits,
recalibrate the electrode/meter assembly and reanalyze those
samples analyzed since the last time the system was in control.

10.6

Deter~ine

the pH of a quality control check sample (QCS) after the
and electrode assembly have been calibrated. This sample may
be formulated in ~he laboratory, obtained from the National Bureau
of Standards (NBS Standard Reference Material 2694, Simulated
Rainwater), or the United States E~vironmental Protection Ager.cy
(NBS Traceable Reference Material). Verify the accuracy of
internally formulated QCS sol~tions with an NBS traceable standard
before acceptance as a quality control check. The check sample
selected must be within the range of the calibration buffers and
should approximate the pH ranqe of the samples to be analyzed.
If
the measured value for the QCS is not within the specified li~i~s
of the control solution, measure a second aliquot.
Failure to
o~tain acceptable results on the second aliquot ir.dicates a problem
with the electrode or meter. Check the pH meter according to the
ffiar.ufacturer's guidelines.
If an elec~rcde problem is indicated,
replace the electrode and repeat the calibration procedure before
measuring the QCS again.
Plot the data obtained from the QCS
checks on a control chart for routine assessments of bias and
precision.

~eter

10.6.1

QCS measurements should be made after every ten samples
or after completion of a batch of samples consisting of
less than ten.
If the QCS measurement is out of the
predetermined control limits, check the calibration buffers
and recalibrate if any one of the buffer values has shifted
by more than 0.02 pH units.
Recheck the QCS and reanalyze
all samples from the last time the measurement system was
in control.
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11.

10.7

Submit a Field Blank (FB) to t~e laboratory for every 20 samples.
The FB may consist of a water sample (Sect. 7.2) or a known
reference solution that approximates the concentration levels
characteristic of wet deposition. The FB is poured into the
sampling vessel at the field site and undergoes identical
processing and analytical protocols as the wet deposition
sample(s).
Use the analytical data obtained from the FB to
determine any contamination introduced in the field and laboratory
handling procedures. The data from the known reference solution
can be used to calculate a system precision and bias.

10.8

Participation in performance evaluation studies is recommended for
precipitation chemistry laboratories. The samples used for these
performance audits should contain the analytes of interest at
concentrations within the normal working range of the method. The
true values are unknown to the analyst.
Performance evaluation
studies for precipitation chemistry laboratories are conducted
semiannually by the USEPA Performance Evaluation Branch, Quality
Assurance Division, Research Triangle Park, NC 27711.

PROCEDURE
11.1

Bring all buffers, solutions, and samples to ambient temperature
making sure ar.y necessary compensation is made for deviations in
temperature (Sect. 6.5).

11.2

Calibrate the electrode assembly with two reference buffer
solutions as described in Sect. 9.1-9.7.

11.3

After the electrode(s) and meter are calibrated, analyze a QCS
sample.
If the measured value for the QCS is not within the
specified limits (Sec~. 10.2.1), refer to Sect. 10.6.

11.4

SAMPLE ANALYSIS
11.4.1

Rinse the electrode(s) with three changes of water (Sect.
7.2) or with a flowing stream from a wash bottle. Dispense
two aliquots of wet deposition sample into separate, clean
sample cups.
Insert the electrode(s) ir.to or.e aliquot for
30 seconds.

11.4.2

Remove the electrode(s) from the first aliquot and insert
directly into the second, once again allowing the system
time to stabilize.
Record the pH measurements when
readings differ by no more thar. ~0.01 pH units within a
30 second period.
Record the pH and the temperature of the
sample.
Note: The time necessary for the system response to
stabilize depends on the pH of the sample. As Figure 2
illustrates, the pH electrode response time is usually
three to five minutes for samples with a pH~5.5.
For
samples with pH>5.5, a stable response is usually generated
in five to seven minutes.
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12.

CALCULATIONS
12.1

13.

PRECISION AND BIAS
13.1

14.

Most pH meters are calibrated in pH units and the pH of the sample
is obtained directly by reading the meter scale.
Record pH
measurements to the nearest hundredth of a pH unit and sample
temperature to the nearest degree.

Single-operator precision and bias data were obtained using three
quality control check samples. The results are tabulated in
Table 4.
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Table 1.

Values for F/(2.3026 RT) at Different
Temperatures.

F/ (2. 3~f6 RT)

Temperature,

oc

I

v

0
5
10
15
20
25
30
35
40
45

18.4512
18 .1195
17.7996
17.4907
17.1924
16.9041
16.6253
16.3555
16.0944
15.8414

The above data were calculated using
a precise value of the logarithmic
conversion factor (2.302585) and values
of the fundamental constants.

F
R
T

96,487.0 C/eq
8.31433 J/K mol
273.15 + 0 c
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Table 2.

Manufacturer

Suitable pH Reference Electrodes for the
Analysis of Wet Deposition Samples. ·

Model
Number

Electrode Type

Beckman

39417

glass bodied with ceramic
junction (calomel)

Corning

476109

glass bodied with ceramic
junction (calomel)

Orion (Ross)

800500

glass bodied reference half
cell
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Table 3.

NBS Standard Sample
Designation

National Bureau of Standards (NBS) Salts for
Reference Buffer Solutions.

Buffer Salt

Drying
Procedure

186-1-c

potassium dihydrogen phosphate

2 h in oven at
130°c

185-f

potassium hydrogen phthalate

2 h in oven at
110°C

The buffer salts listed above can be purchased from the Office of
Standard Reference Materials, National Bureau of Standards, Washington, D. C.
20234.
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Table 4.

Single-Operator Bias and Precision of pH Measurements
Determined from Quality Control Check Samples.

Theoretical
pH

Mean
Measured pH

3.61

3.63

4.30
5.60

. .
b
P recision,

.
b
Bias,
%

s,
pH

RSD,

pH

15

0.02

0.6

0.01

0.3

4.32

72

0.02

0.5

0.01

0.2

5.42

80

-0.18

-3.2

0.04

0.7

n

a

%

The above data were obtained from records of pH measurements made under
the direction of ~he NADP quality assurance program. The solutions used were
a National Bureau of Standard (NBS) sirnula~5d rainwater sample (Research
Material #8409-11, pH = 3.61), a 5.01 x 10
N nitric acid solution
(pH= 4.30), and a 0.0005 M potassium chloride solution (pH= 5.60).
a.
b.

Number of replicates.
Calculations of bias and precision data were rr.ade using hydrogen ion
concentrations.
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Figure 1.

Percentile Concentration Values Obtained from
Wet Deposition Samples: pH
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Figure 2.

Time Required to Obtain Stable pH Response in Wet
Deposition Samples.
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1.

2.

SCOPE AND APPLICATION
1.1

This method is applicable to the determination of calcium,
magnesium, potassium, and sodium in wet deposition by flame atomic
absorption spectrophotometry (FAAS).

1.2

The term ''wet deposition" is used in this method to designate rain,
snow, dew, sleet, and tail.

1.3

The method detection limits (MDL) for the above analytes determined
fro~ replicate analyses of quality control check solutions containing
0.053 rng/L calcium, 0.018 mg/L magnesium, 0.012 mg/L sodium, and
0.013 rng/L potassium are 0.007, 0.002, 0.003, and 0.003 mg/L,
respectively. The concentration rar.ge of this method is outlined in
Table 1.

1.4

Figure 1 represer.ts cumulative frequency percentile concentration
plots of calcium, magnesium, potassium, ar.d sodium obtained from the
analysis of over five thousand wet deposition samples. These data
should be considered during the selection of appropriate calibration
standard concentrations.

SUMMARY OF METHOD
2.1

solution containing the element(s) of interest is aspirated as a
fine mist into a flame where it is converted to an atomic vapor
consisting of ground state atoms.
These ground state atoms are
capable of absorbing electromagnetic radiation over a series of
very narrow, sharply defined waveler.gths.
A distinct line source of
light, usually a hollcw cathode lamp specific to the metal of
interest, is used to pass a beam through the flame.
Light from the
source beam, less whatever intensity was absorbed by the atoms of the
metal cf interest, is isolated by the monochromator and measured by
the photodetector.
The amount of light absorbed by the analyte is
quantified by comparing the light transmitted through the flame to
light transmitted by a reference beam.
The amount of light absorbed
in the flame is proportional to the concentration of the metal in
solution. The relationship between absorption and concentration is
expressed by Beer's Law:
A

log(I /I)
0

where:

I

Io

a
b
c
A

=

abc

=A

incident radiant power
transmitted radiant power
abscrptivity (constant for a given system)
sample path lengt~
concentration of absorbing species (mg/L)
absorbance

The atomic abscrption spectrophotometer is calibrated with standard
solutions containing known concentrations of the element(s) of
interest. Calibration curves are constructed from which the
concentration of each analyte in t~e ur.known sample is determined.
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3.

DEFINITIONS
3.1

ABSORBANCE (A) -- the logarithm to the base ten of the reciprocal
of the transmittance, (T):
A

0.0044 A

log(l/T)
the absorption of 1% of
the transmitted light.

The absorbance is related to the analyte concentration by Beer's Law
(Sect. 2.1) where l/T = I /I
0

4.

3.2

ATOMIC ABSORPTION -- the absorption of electromagnetic radiation by
an atom resulting in the elevation of electrons from their ground
states to excited states.
Atomic absorption spectrophotometry
involves the measurement of light absorbed by atoms of interest as a
function of the concentration of those atoms in a solution.

3.3

SPECTRAL BANDWIDTH -- the wavelength or frequency interval of
radiation leaving the exit slit of a monochromator between limits set
at a radiant power level half way between the continuous background
and the peak of an emission line or an absorption band of negligible
intrinsic width (14.1).

3.4

SPECTROPHOTOMETER -- an instrument that provides the ratio, or a
function of the ratio, of the radiant power of two light beams as a
function of spectral wavelength.
These two beams may be separated
in time and/or space.

3.5

For definitions of other terms used in this method, refer to the
glossary.
For an explanation of the metric system including units,
symbols, and conversion factors see American Society for Testing and
Materials (ASTM) Standard E 380, "Metric Practices" (14.2).

INTERFERENCES
4.1

Chemical interference is the most frequently encountered
interference in atomic absorption spectrophotometry. A chemical
interference may prevent, enhance, or suppress the formation of
ground state atoms in the flame.
For example, in the case of
calcium determinations, the presence of phosphate or sulfate can
result in the formation of a salt that hinders proper atomization of
the solution when it is aspirated into the flame.
This decreases the
number of free, ground state atoms in the flame, resulting in lowered
absorbance values.
Aluminum can cause a similar interference when
measuring magnesium. The addition of appropriate complexing agents
to the sample solution reduces or eliminates chemical interferences
and may increase the sensitivity of t~e method.
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5.

4.2

Alkali metals such as sodium and potassium may undergo ionization in
an air-acetylene flame resulting in a decrease in ground state atoms
available for measurement by atomic absorption.
Addition of a large
excess of an easily ionizable element such as cesium will eliminate
this problem, since cesium will be preferentially ionized.
The
preferential ionization of the cesium solution results in an enhanced
atomic absorption signal for both potassium and sodium (14.3).

4.3

If a sample containing low concentrations of the metal being
measured is analyzed immediately after a sample having a
concentration exceeding the highest calibration standard, sample
carry-over will result in elevated readings.
To prevent this
interference, routinely aspirate water (Sect. 7.2) for about 15
seconds after a high concentration sample. Depending on the
concentration of metal in the last sample analyzed, it may be
necessary to rinse for longer time periods.
Complete purging of the
system is ascertained by aspirating water until the absorbance
readout returns to the baseline.

4.4

Wet deposition samples are characterized by low ionic strength and
rarely contain enough salts to cause interferences due to
nonspecific background absorbance.
The use of background correction
techniques is not necessary and will decrease the signal to noise
ratio and lessen precision.

SAFETY
5.1

The calibration standards, sample types, and most reagents used in
this method pose no hazard to the analyst.
Use a fume hood,
protective clothing, and safety glasses when handling concentrated
hydrochloric acid (Sect. 7.5-6).

5.2

Use a fume hood, protective clothing, and safety glasses when
preparing the lanthanum solution.
The reaction between the lanthanum
oxide and acid (Sect. 7.7) is extremely exothermic.

5.3

A permanent ventilation system is required to eliminate the large
quantity of hot exhaust gases produced during instrument operation.
Since acetylene is a flammable gas, take precautions when using it.
To avoid explosions, never pass acetylene t~rough copper or
high-copper alloy (brass, bronze) fittings or piping.

5.4

The operator must wear safety glasses to avoid eye damage from the
ultraviolet light emitted by the flame.

5.5

To avoid in-line explosions, do not allow the pressure of ace5ylene
being delivered to the instrument to exceed 15 psig (10.6 g/m ) .
In the event of a flashback, turn off the gas control switch, the
instrument power, and the gas tanks.

5.6

Follow manufacturer's operating guidelines carefully when optimizing
gas flow rates.
Too low gas flow rates can result in a combustion
within the gas mixing chamber and therefore a flashback.
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6.

5.7

Check that the drain tube from the gas mixing chamber, fitted with a
safety trap, is filled with water before igniting the flame.
Keep
the drain tube filled to prevent explosion in the chamber. The
safety trap may be either looped or valved.

5.8

Avoid any contact with a hot burner head.
result.

5.9

Follow American Chemical Society guidelines regarding safe handling
of chemicals used in this met~od (14.4).

Serious tissue burns will

APPARATUS AND EQUIPMENT
6.1

6.2

ATOMIC ABSORPTION SPECTROPHOTOMETER -- Select a double-beam
instrument having a dual grating monochromator, photodetector,
pressure-reducing valves, adjustable spectral bandwith, wavelength
range of 190-800 nm, and provisions for interfacing with a strip
chart recorder or a suitable data system.
6.1.1

Burner -- Use a long path, single slot air-acetylene burner
head supplied by the manufacturer of the spectrophotometer.

6.1.2

Hollow Cathode Lamps -- Single element lamps are recommended.
Multi-element lamps are available but are not recommended.
They generally have a shorter lifespan, are less sensitive,
require a higher operating current, and increase the chances
of spectral interferences. When available, electrodeless
discharge lamps (EDL) may also be used.

6.1.3

Monochromator -- To increase sensitivity of calcium and
potassium determinations, use a monochromator equipped with a
blaze grating in the range of 500-600 nm (14.5).
For the
analysis of sodium and magnesium, a blaze grating in the range
of 200-250 nm is adequate.

6.1.4

Photomultiplier Tube -- A wide spectral range (160-900 nm)
Select a red-sensitive phototube to
phototube is recommended.
detect potassium at 766.5 nm and to increase sensitivity to
calcium at 422.7 nm.

The first time any glassware is used for making stock solutions and
standards, clean with 0.6 N HCl and rinse thoroughly with water
(Sect. 7.2) before use.
~aintain a set of Class A volumetric flasks
to be used only when making dilute working standards for the analysis
of wet deposition samples.
Store filled with water (Sect. 7.2) and
covered.
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6.3

7.

LABORATORY FACILITIES -- Laboratories used for the analysis of
wet deposition samples should be free from external sources of
contamination. The use of laminar flow clean air workstations is
recommended for sample processing and preparation to avoid the
introduction of airborne contaminants.
If a clean air bench is
unavailable, samples must be capped or covered prior to analysis. A
positive pressure environment within the laboratory is also
recommended to minimize the introduction of external sources of
contaminant gases and particulates. Windows within the laboratory
should be kept closed at all times and sealed if air leaks are
apparent. The use of disposable tacky floor mats at the entrance to
the laboratory is helpful in reducing the particulate loading within
the room.

REAGENTS AND CONSUMABLE MATERIALS
7.1

PURITY OF REAGENTS -- Use chemicals of reagent grade or better for
all solutions. All reagents shall conform to the specifications of
the Committee on Analytical Reagents of the American Chemical Society
(ACS} where such specifications are available.

7.2

PURITY OF WATER -- Use water conforming to ASTM Specification D
1193, Type II (14.6). Point of use 0.2 micrometer filters are
recommended for all faucets supplying water to prevent the
introduction of bacteria and/or ion exchange resins into reagents,
standard solutions, and internally formulated quality control check
solutions.

7.3

ACETYLENE (C H } -- Fuel -- Minimum acceptable acetylene purity
2 2
is 99.5% (v/v) . Change the cylinder when the pressure reaches
2
75 psig (53 g/m ) if the acetylene is packed in acetone.
Pre-purified gr~des that contain a proprietary solvent can be used to
30 psig (21 g/m } before replacement. Avoid introducing these
solvents into the instrument. Damage to the instrument's plumbing
system can result.
Solvent in the system is indicated by abnormally
high pulsating background noise. To prevent solvent carryover, allow
acetylene cylinders to stand for at least 24 hours before use.
CAUTION: Acetylene is a highly flammable gas.
Follow the
precautions in Sect. 5.3-6 regarding safe operating pressures,
suitable plumbing, and operator safety.

7.4

CESIUM SOLUTION (1.0 mL = 100.0 mg Cs} -- Ionization Supgressant -
Dissolve 126.7 g of cesium chloride (CsCl}, dried at 105 C for one
hour, in water (Sect. 7.2) and dilute to 1 L.
Store at room
temperature in a high density polyethylene or polypropylene
container. Add to samples and standards as directed in Sect. 9.4 and
11.4 for the determination of potassium and sodium.

7.5

HYDROCHLORIC ACID (6.0 N} -- Carefully add 1 volume of concentrated
hydrochloric acid (HCl, sp gr 1.19) to an equal volume of water
(Sect. 7.2).
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7.6

HYDROCHLORIC ACID (0.6 N) -- Add 50 mL of concentrated hydrochloric
acid (HCl, sp gr 1.19) to 900 mL of water (Sect. 7.2) and dilute to
1 L.

7.7

LANTHANUM SOLUTION (1.0 mL = 100.0 mg La) -- Releasing Agent -- In a
glass 1 L volumetric flask, place 117.0 g of lanthanum oxide
(La o ), dried at 105°c for one hour.
Add 6 N HCl very
2 3
carefully to the solid in increments of about 0.5 mL.
Cool the
solution betweer. additions.
Continue adding the acid solution to the
flask in increasing increments until a total of 500 mL of 6 N HCl has
been added.
Dilute to 1 L with water (Sect. 7.2).
Store at room
temperature in a high density polyethylene or polypropylene
contai~er.
Add to samples and standards as directed in Sect. 9.4.3
and 11.4 for the determination of calcium and magnesium.

CAUTION:
Dissolving lanthanum oxide in hydrochloric acid is a
violently exothermic reaction; use extreme caution when dissolving
the reagent.
Refer to Sect. 5.2 for proper safety precautions when
preparing this solution.
7.8

OXIDANT (air) -- The air may be provided by a compressor or
commercially bot~led gas supply.
Remove 011, water, and other
foreign matter from the air using a filter recommer.ded by the
manufacturer.
Refer to the manufacturer's guidelines for recommended
delivery pressure.

7.9

STOCK STANDARD SOLUTIONS -- Stock standard solutions may be
purchased as certified solutions or prepared from ACS reager.t grade
materials as detailed below.
Store the solutions at room temperature
in high density polyethylene or polypropylene containers.

7.10

Solution, Stock (1.0 mL = 1.0 mg Ca) -- Add 2.497 g
of calcium carbonate (Caco ), dried at 180°c for one
3
hour, to approximately 600 mL of water (Sect. 7.2). Add
concentrated hydrochloric acid (HCl, sp gr 1.19) slowly until
all the solid has dissolved. Dilute to 1 L with water (Sect.
7. 2) .

7.9.1

Calciu~

7.9.2

Magnesium Solution, Stock (1.0 mL = 1.0 mg Mg) -- Dissolve
1.000 g of magnesium ribbon in a minimal volume of 6 N HCl and
dilute to 1 L with water (Sect. 7.2).

7.9.3

Potassium Solution, Stock (1.0 mL = 1.0 ffig K) -- Dissolve
1.907 g of potassium chloride (KC!), dried at 105°c for one
hour, in water (Sect. 7.2) and dil~te to 1 L.

7.9.4

Sodium Solution, Stock (1.0 mL = 1.0 mg Na) -- Dissolve
2.542 g of sodium chloride (NaCl), dried at 105°c for one
~our, in water (Sect. 7.2) and dilute to 1 L.

SA.~PLE

CONTAINERS -- Use polyolefin sample cups that have been
thoroughly rinsed with water (Sect. 7.2) before use.
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8.

SAMPLE COLLECTION, PRESERVATION, AND STORAGE
8.1

Collect samples in high density polyethylene (HDPE) containers that
have been thoroughly rinsed with ASTM Type II water (7.2). Do not
use strong mineral acids or alkaline detergent solutions for cleaning
collection vessels.
Residual acids may remain in the polyethylene
matrix and slowly leach back into the sample. Alkaline detergents
may also leave residues that may affect the sample chemistry. Cap
collection bottles after cleaning to prevent contamination from
airborne contaminants; air dry collection buckets in a laminar flow
clean air workstation and wrap in polyethylene bags prior to use.
If
a laminar flow workstation is not available, pour out any residual
rinse water and bag the buckets immediately. Do not dry the bucket
interior by any method other than air drying in a laminar flow clean
air workstation.

8.2

The frequency of sample collection and the choice of sampler design
are dependent on the monitoring objectives.
In general, the use of
wet-only samplers is recommended to exclude dry deposition
contributions, minimize sample contamination, retard evaporation,
and enhance sample stability. Sample collection frequency may vary
from subevent to monthly sampling periods. Collection periods of
more than one week are not recommended since sample integrity may be
compromised by longer exposure periods.

8.3

The dissol~tion of particulate materials can affect the stability of
calcium, magnesium, sodium, and potassium in wet deposition samples
(14.7). This instability generally results in a concentration
increase for these constituents. Measurements should be made
immediately after sample collection to obtain representative data.
Refrigeration of samples at 4°C will minimize but not eliminate
concentration changes.
8.3.1

9.

Filtration of samples through a 0.45 micrometer membrane leached
with water (Sect. 7.2) is effective at stabilizing samples that
are influenced by the dissolution of alkaline particulate matter
(14.7). Monitoring of the filtration procedure is necessary to
ensure that samples are ~ot contaminated by the membrane or
filtration apparatus. Filtered samples are stable for six weeks
when stored at room temperature.

CALIBRATION AND STANDARDIZATION
9.1

SETTING INSTRUMENT PARAMETERS
9.1.1

Lamp Current -- Refer to manufacturer's guidelines for
optimization of this parameter. The use of excessively high
currents will shorten lamp life. High currents also cause
line broadening, resulting in a reduction in sensitivity and
calibration curve linearity, especially in the determination of
magnesium. The use of currents that are too low will cause lamp
instability and insufficient throughput of energy through the
instrument's optical system. The result is increased signal
noise due to excess electrical gain applied to the photodetector.
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9.1.2

Light Beam -- Position a small card over the burner slot to
intercept the light bean from the hollow cathode lamp.
Check
that the beam is focused midway along the slct and, if
necessary, focus according to the manufacturer's guidelines.
Rotate the lamp within its holder for maximum energy output
readings.

9.1.3 Burner/Beam Alignment -- Position a small card over the burner
slot to intercept the light beam from the hollow cathode lamp.
For optimal sensitivity when analyzing calcium, magnesium,
potassiu~, and sodium, adjust the burner height so that the
center of the light beam is approximately 6 mm above the
surface of the burner slot. By adjusting the burner alignment
and rotation, set the light beam to coincide with the burner
slot.
While observing from above, move the card along the
full length of the burner slot to ensure that the beam is
centered over the slot for the entire length of the burner.
Optimize this parameter for ~aximum instrumental sensitivity
as directed in Sect. 9.2.
9.1.4

Waveler.gth -- Set the wavelength of the spectrophotometer for
each analyte according to Table 2 by following the
manufacturer's operating guidelines. After the instrument has
warmed up with the flame burning (about 30 minutes), check the
wavelength and readjust if necessary.
Note:
The sodium spectrum is characterized by a doublet at
589.0 nm and 589.5 nm. The wavelength chosen for sodium
determinations depends on the degree of analytical sensitivity
desired by the operator. A setting of 589.0 nm will provide
maximum sensitivity in the concentration range of most wet
deposition samples.
For those samples with higher sodium
cor.centrations, a less sensitive setting of 589.5 nm is more
appropriate.
Refer to Tables l and 2 for information
regarcing working ranges, standards, and detection limits for
sodium at each wavelength setting.

9.1.5

Spectral Bar.dwidth -- The selection cf optimum bandwidth
depends upor. the spectrum of the particular element beir.g
analyzed.
For the determination of calcium, magnesium, and
potassium, a relatively wide (1.0 nm) bandwidth is
appropriate.
Because ~te scdium spectrum is characterized by
a doublet, use a smaller bandwidth of 0.5 nm.

9.1.6

External Gas Settings -- Follow ~anufacturer's recommended
delivery pressures for air and acetylene.
Nev2r allow
acetylene pressure to exceed 15 psig (10.6 g/m ) .
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9.1.7

Nebulization Rate -- Set the acetylene and air flow rates as
recommended by the manufacturer. Adjust the nebulizer sample
uptake rate to approximately 5 mL/min. If an adjustable glass
bead nebulizer is used, adjust it accordi~g to manufacturer's
guidelines.
Exact placement of the glass bead is critical to
ensure that a uniform vapor of the smallest size particles is
introduced into the flame.
Improper spacing of the bead from
the nebulizer end will result in poor precision and
sensitivity. Optimize the sample uptake rate for maximum
sensitivity as directed in Sect. 9.2.
Note: The nebulizer can clog easily if particulates are
present in the samples. Symptoms of this are decreased
sensitivity and/or dramatically increased signal noise,
especially noticeable at the higher concentration levels.
A thorough cleaning with a small diameter wire is usually
sufficient to unclog the nebulizer.

9.1.8

Flame Conditions -- If the flame temperature is too low,
compounds containing the analyte will not be completely
dissociated. Alternatively, too high a flame temperature may
result in ionization.
In both cases, a decrease in the
apparent concentration of the analyte will result.
In
general, calcium exhibits maximum sensitivity at higher fuel
and oxidant flow rates. Maximum sensitivity for potassium is
obtained with minimal gas flow rates, resulting in lower flame
temperature and allowing longer residence time of the atomic
vapor in the flame.
The MDLs stated in Sect. 1.3 for
magnesium and sodium are obtained over a wide range of flame
conditions. Optimize t~is parameter for maximum instrumental
sensitivity as directed in Sect. 9.2.
CAUTION:
Follow manufacturer's operating guidelines
carefully when setting gas flow rates since combustion within
the gas mixing chamber can occur if caution is not exercised.

9.2 Optimization -- Allow the instrument to warm up for 30 minutes before
beginning the optimization. Set the instrument readout to absorbance
units and set the integration time to <0.5 seconds.
Use either a
strip chart recorder or set the display in a continuous read mode to
monitor absorbance readings. Aspirate a calibration standard at a
concentration near the midpoint of the working range (Sect. 9.4).
While watching the absorbance readings, adjust the instrument
parameters with small, discrete changes until maximum values are
obtained. Parameters such as flame conditions, nebulization rate,
and the region of maximum atom concentration in the flame are
interrelated. Adjustment of any of these three parameters usually
reqqires adjustment of the other two.
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9.3

Instrumer.t Response Time -- Determine the minimum sample uptake time
before taking a reading on a sample or standard solution. Use either
a strip chart recorder or set the display in a continuous read mode
to monitor absorbance readings. After purging the system with water
(Sect. 7.2), aspirate the highest calibration standard (Sect. 9.4)
and measure the length of time necessary to obtain a stable reading.
Aspirate water (Sect. 7.2) and measure the time it takes for the
baseline to return to zero.
Note:
If the time necessary for the baseline to return to zero is
longer than 15 seconds, a clogged nebulizer may be suspect.
If
purgir.g time begins to increase during sample analysis, this IT.ay also
he an indication of nebulizer clogging.

9.4

CALIBRATION SOLUTIONS
9.4.1 Five calibration solutions and one zero standard are needed to
generate a suitable calibration curve. The lowest calibration
solution should contain the analyte of interest at a
concentration greater than or equal to the method detection
limit. The highest solution should approach the expected
upper limit of concentratior. of the analyte in wet deposition.
Prepare the remaining solutions such that they are evenly
distributed throughout the concentration range.
Suggested
calibration standards for each analyte are listed in Table 2.
9.4.2

?repare all calibratior. standards by diluting the stock
standards (Sect. 7.9) with water (Sect. 7.2). Use glass
(Class A) or plastic pipettes that are within the bias and
precision tolerances specified by the manufacturer.
The
calibration standards are stable for three months if stored at
room temperature in ~igh density polyethylene or polypropylene
containers.

9.4.3

After preparing the calibration standards to volume, add the
lanthanum solution (Sect. 7. 7) to the calci~m and magnesium
standards to yield 1000 mg/L La.
Add the cesium solution
(Sec~. 7.4) to the potassium and sodium standards for
1000 rng/L Cs. Mix well. Cse the same stock of ionization
suppressant or releasing agent for the samples and the
calibration standards.
Note: The final volume of each working standard solutior.
exceeds the nominal volume by 1%. This adjustment is
necessary to IT.aintain cor.sister.cy when the appropriate volume
of suppressor solution is added to the wet deposition samples.
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9. 5

10.

CALIBRATION
9.5.1

To establish a baseline, aspirate the zero standard and set
the absorbance readout to 0.000.
Aspirate the calibration
standards, allowing time for each standard to equilibrate in
the flame and gas mixing chamber before measuring the
absorbance (Sect. 9.3). Construct calibration curves for each
of the four analytes according to Sect. 12.

9.5.2

Analyze all the calibration standard solutions. The apparent
concentration values must agree with the nominal
concentrations wit~i~ t~e predetermined control limits (Sect.
10.2.1) of three times the standard deviatior. (+3s).
I:
results fall outside of these limits, recalibrate the
instrument.
If there is a consistent bias greater than
x ~ 2s and less thar. x ~ 3s, for all of the concentration
values measured, reestablish the baseli~e with the zero
standard and reanalyze the calibration standards.

9.5.3

Verify the calibration curve a:ter every ten samples and at
the end of each day's analyses according to Sect. 10.7.

QUALITY CONTROL
10.1

Each laboratory us1~g this method should develop formalized quality
control protocols to continually monitor the bias and precision of
all measurements.
These protocols are required to ensure that the
measurement system is in a state of statistical control. Estimates
of bias and precision for wet deposition analyses cannot be
made unless these control Frocedures are followed.
Detailed
guidelines for the development of quality assurance and quality
control protocols for precipitation measurement systems are
published in a manual available :rorn the United States
Environmental Protection Agency, Research Triangle Park, NC 27711
(14.8).
Included in this manual are procedures for the development
of statistical control charts for use in monitoring bias and
precision as well as recommendations for the introduction of
reagent blanks, laboratory duplicates, field duplicates, spike
samples, and performance evaluation samples.
These guidelines are
to be used by all laboratories involved with wet deposition
measurements.

10.2

ESTABLISHMENT OF WARNI~G AND CONTROL LIMITS -- Warning and control
limits are used to ~onitor drift in the calibration curve, analyses
of quality control check samples (QCS), and measured recoveries
:ram laboratory spikes.
10.2.1

Calibration Curve -- After a calibration curve has been
constructed according to Sect. 12, reanalyze additional
aliquots of all the standards. Calculate the
concentrations using the previously derived calibration
curve.
Repeat this procedure until at least ten
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determinations at each concentration level have beer. made.
These data should be collected on ten different days to
provide a realistic estimate of the method variability.
Calculate a standard deviation (s) at each concentration
level.
Use the nominal standard concentration as the mean
value (x) for determining the control limits. A warning
limit of x + 2s and a control limit of x + 3s should be
used.
Reestablish these limits whenever instrumental
operating conditions change.
10.2.2

Quality Control Check Samples (QCS) -- Calculate warning
and control liMits for QCS solutions from a minimum of ten
analyses performed on ten days.
Use the calculated
standard deviation (s) at each QCS concentration level to
develop the limits as described in Sect. 10.2.1. Use the
certified or NBS traceable concentration as the mean
(target) value. Constant positive or negative measurements
with respect to the true value are indicative of a method
or procedural bias.
Utilize the data obtained from QCS
measurements as in Sect. 10.6 to determine when the
measurement system is out of statistical control. The
standard deviations used to generate the QCS control limits
should be comparable to the single operator precision
reported in Table 4.
Reestablish new warning and control
limits whenever instrumental operating conditions are
varied or QCS concentrations are changed.

10.2.3

Laboratory Spike Solutions -- A minimum of ten analyte
spikes of wet deposition samples is required to develop a
preli~inary data base for the calculatior. of warning and
control limits for spike recovery data.
Select the spike
concentration such that the working range of the method
will not be exceeded. Samoles selected for the initial
spike recovery study s~ould represer.t the concentration
range cowman tc wet deposition samples in order to reliably
estimate the Method accuracy.
Calculate a mean and
standard deviation of the percent recovery data using the
formulas provided in the glossary.
Determine warning and
control limits using !2S and !3s, respectively.
If
the data indicate that no significant method bias exists
(14.9), the 100 percent recovery is used as the mean
percent recovery.
W~ere a significant bias is determined
at the 95% confidence level, t~e control limits are
centered around the bias estimate.
Routine spiked sample
analyses t~at yield percent recovery data outside o: the
control limits are an indication of matrix interferences
that should be resolved before routine analyses are
continued.
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10.2.4

All warning and control limits should be reevaluated on a
continual basis as additional data are collected during
routine analyses. The limits should be broadened or
narrowed if a recalculated standard deviation under similar
operating conditions provides a different estimate of the
procedure variability.

10.3

Monitor the cleaning procedure by pouring a volume of water (Sect.
7.2) that approximates the median sample size into the collection
vessel. Allow the water to remain in the sealed or capped
collection container for at least 24 hours and determine the
concentration of the analytes of interest.
If any of the measured
concentrations exceed the MDL, a contamination problem is indicated
in the cleaning procedure. Take corrective action before the
sampling containers are used for the collection of wet deposition.

10.4

Keep daily records of calibration data and the instrument operating
parameters used at t~e time of data acquisition. Use these
historical data as general performance indicators. Gross changes
in sensitivity, curve linearity, or photomultiplier tube voltage
are indicative of a problem.
Possibilities include instrument
malfunction, clogged nebulizer, incomplete optimization, bad hollow
cathode lamp, contamination, and inaccurate standard solutions.

10.5

Precision will vary over the analyte concentration range.
Standard
deviation (s) increases as concentration increases while relative
standard deviation (RSD) decreases. At approximately 100 times the
MDL, the RSD should remain less than 1%.

10.6

Analyze a quality control check sample (QCS) after a calibration
curve has been established. This sample may be formulated in the
laboratory or obtained from the National Bureau of Standards (NBS
Standard Reference ~aterial 2694, Simulated Rainwater). The check
sample(s) selected must be within the range of the calibration
standards.
Prepare according to Sect. 11.4.
If the measured value
for the QCS falls outside of the ~3s limits (Sect. 10.2.2), or if
two successive QCS checks are outside of the ~2s limits, a
problem is indicated with the spectrophotometer or calibration
curve.
Reestablish the baseline with the zero standard and/or
recalibrate.
If the QCS analysis is still beyor.d control limits,
inaccurate working standards might be the problem.
Prepare new
standards.
Plot the data obtained from the QCS checks on a control
chart for rou~ine assessments of bias ar.d precision.

10.7

Verify the calibration curve af~er a maximum of ten samples and at
the end of each day's analyses. Analyze a zero standard and
calibration standards at the low and high ends of the working
range.
If the routine calibration checks do not meet the criteria
described in Sect. 10.6, recalibrate the system and reanalyze all
samples from the last time the system was in control. Verify the
new calibration curve with the QCS according to Sect. 10.6 and
reanalyze all samples from the last time ~he measurement system was
in control.
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10.8

Submit a Field Blar.k (FB) to the laboratory for every 20 samples.
The FB may consist of a water sample (Sect. 7.2) or a knowr.
reference solution that approximates the concentratior. levels
characteristic of wet deposicion. The FB is poured intc the
sampling vessel at the field site and undergoes ider.tical
processing and analytical protocols as the wet deposition
sample(s).
Use the analytical data obtained from the FB to
determine any cor.tamination introduced in the field and laboratory
handling procedures. The data from the known reference solution
can be used to calculate a system precision and bias.

10.9

Prepare and analyze a laboratory spike of a wet deposition sample
according to the guidelines provided in "Quality Assurance Manual
for Precipitation Measurement Systems" (14.8).
Compare the
results obtained from the spiked samples to those obtained from
ider.tical sa~ples to which no spikes were added. Use these data
to monitor the method percer.t recovery as described in Sect.
10.2.3.

10.10

Participation in performance evaluation studies is reco(T\ffiended for
precipitatior. chemistry laboratories. The samples used for these
performance audits should contain the analytes of ir.terest at
concentrations within the normal working range of the method. -The
true values are ~nknown to the analyst.
Performance evaluation
studies for precipitation chemistry laboratories are conducted
semiannually by the USEPA Performance Evaluation Brar.ch, Quality
Assurance Division, Researc~ Triangle Park, NC 27711.

10.11

INSTRUMENT MAINTENANCE -- Striccly adhere to manufacturer's
maintenance schedule.
10.11.1

Exposed optical mirrors should be replaced yearly to
mair.tain optim~l sensitivity ar.d precision.

10.11.2

If che instrument is used for other sample types t~at
have ~igh analyte concentrations it may be necessary to
disassemble the entire b~rner-nebulizer system for
cleaning before analyzing wet deposition samples. This
is best accomplished by placir.g the components in a wacer
(Sect. 7.2) bath in an ultrasonic cleaner for a half
hour.
Rinse wit~ water (Sect. 7.2) after cleaning and
allow to air dry in a dust-free environment before
reassembly.
Check a-rings for wear and replace if
necessary.
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11 .

12.

PROCEDURE
11.1

Set instrument parameters and optimize the instrument each day
according to Sect. 9.1-2.

11.2

Prepare all standards and construct calibration curves according
to Sect. 9.4-5.

11.3

After the calibration curve is established, analyze the QCS.
If
the measured value for the QCS is not within the specified limits
(Sect. 10.2.2), refer to Sect. 10.7.

11.4

Pipette the appropriate cesium or lanthanum solution into the
empty sample cup (Cs or La:Sample = 1:100).
For the determination
of calcium and magnesium, use the lanthanum solution described in
Sect. 7.7. For potassium and sodium determinations, add cesium
solution (Sect. 7.4).
Pour the sample into the sample cup
containing Cs or La; 3 mL of sample for 30 uL of Cs or La is
suggested.
Mix well, aspirate, wait for equilibration in the flame
(Sect. 9.3), and record the measured absorbance (or concentration).

11.5

If the absorbance (or concentration) for a given sample exceeds
the working range of the system, dilute a separate sample with
water (Sect. 7.2).
Prepare and analyze according to Sect. 11.4.

11.6

When analysis is complete, rinse the system by aspirating water
(Sect. 7.2) for ten minutes.
Follow the manufacturer's guidelines
for instrument shut-down.

CALCULATIONS
12.1

For each analyte of interest, calculate a linear least squares fit
of the standard concentration as a function of the measured
absorbance.
The linear least squares equation is ex~ressed as
follows:

w::-iere:

y
x
B
0
B
1

standard concentration ir. mg/L
absorbance measured
y-intercept calculated fro~: y
slope calculated fro~:
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I
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x) (y
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-

i
where:

y) I

I
i=l

(x.
1

- -)
x 2

x
y

mean of absorbances measured
= mean of standard concentrations
n = number of samples

The correlation coefficient should be 0.9995 or greater.
Determine
the concentration of analyte of interest from the calibration
curve.
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12.2

I: the relationship between concentration and absorbance is
nonlinear, use a second degree pclynomial least squares equation to
derive a curve with a correlation >0.9995.
The second degree
polynomial equation is expressed as follows:

A computer is necessary for the derivation of this function.
Determine the concentratior. of analyte of interest from the
calibration curve.
12.3

12.4

13.

14.

An integration system or internal calibration software may also
be used to provide a direct readout of the concentration of the
ar.alyte of interes~.
+2
+2
+
+
Report concentra:icns in mg/L as Ca
, Mg
, Na , and K .
Do ~ot report data lower than the lowest calibration standard.

PRECISION AND BIAS
13.1

The mean percent recovery and mean bias of this method were
determined from the analysis of spiked wet deposition samples
according to ASTM Standard Practice D4210, Annex A4 (14.9).
The·
results are summarized in Table 3.
No statistically significant
biases were :our.d :or any of the metal cations.

13.2

Single-operator precision ar.d bias were obtained :rom the analysis
of quality control check samples that approximated the levels
common to wet deposition samples.
These results reflect the
accuracy that can be expected when the method is used hy a
competent opera:or.
These data are presented in Table 4.
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Table 1.

Analyte

Met~od Detection Limits and Concentration Ranges for
Flame Atomic Absorption Spectrophotometric Analysis
of Wet Deposition.

Method Detection
Limit,
mg/L

Concentration
Range,
mg/L

Calcium

0.007

0.030

-

3.00

Magnesium

0.002

0.010

-

1. 00

Potassium

0.003

0.010

-

1. 00

Sodium

0.003a

0.010

-

l.OOa

0.007b

0.020

-

2.00b

a.
b.

589.0 nm wavelength setting
589.5 nm wavelength setting
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Table 2.

Analyte

Operating Conditions and Suggested Calibration
Standard Concentrations for the Determination of
Calcium, Magnesium, Potassium, and Sodium in Wet
Deposition Samples.a

Wavelength
Setting,
nm

Spectral
Bandwidth,
nm

Working
Standards,
mg/L

Calcium

422.7

1.0

zero
0.03
0.75
1. 50
2.25
3.00

Magnesium

285.2

1.0

zero
0.01
0.25
0.50
0.75
1. 00

Potassium

766.5

1.0

zero
0.01
0.25
0.50
0.75
1. 00

.

So d ium

b

589.0

0.5

zero
0.01
0.25
0.50
0.75
.l.00

0.5

589.5

zero
0.02
0.50
1.00
1. 50

2.00

a.

b.

Based on
obtained
from the
Refer to

the MDL and 95th percentile concentration of each analyte
from analyses of over five thousand wet deposition samples
NADP/NTN precipitation network.
Sect. 9.1.2 for details on wavelength selection
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Table 3.

Single-Operator Precision and Bias for Calcium,
Magnesium, Potassium, and Sodium Determined from Analyte
Spikes of Wet Deposition Samples.

Mean
Percent
Recovery

Mean
Bias,
mg/L

Standard
Deviation,
mg/L

20
20

101. 5
98.3

0.001
-0.003

0.010
0.011

No
No

0.018
0.045

20
20

97.2
96.6

-0.001
-0.002

0.001
0.002

No
No

0.021
0.052

18
13

145.2
108.1

0.010
0.004

0.006
0.002

No
No

0.099
0.249

19
20

107.1
100.2

0.007
0.000

0. 011
0.008

No
No

Amount
Added,
mg/L

n

Calcium

0.087
0.221

Magnesium

Potassium

Analyte

Sodium

a.
b.
c.

c

a

Number of replicates
95% Confidence Level
589.0 nm wavelength
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Statistically
Significgnt
Bias?

Table 4.

Analyte

Single-Operator Precision and Bias for Calcium,
Magnesium, Potassium, and Sodium Determi~ed
from Quality Control Check Samples.

Theoretical
Concentration,
mg/L

Measured
Concentration,
a
n
mg/L

Precision,
s,
RSD,
mg/L
%

Bias,
mg/L

Calcium

0.053
0.406

0.051
o. 413

145
145

-0.002
0.007

-3.8
l. 7

0.002
0.003

3.9
0.7

~agnesium

0.018
0.084

0.017
0.083

145
145

-0.001
-0.001

-5.6
-1. 2

0.001
0.001

5.9
1. 2

Potassium

0.021
0.098

0.020
0.095

127
122

-0.001
-0.003

-4.8
-3.l

0.001
0.001

5.0
1.0

0.082
0.465

0.084
0.479

123
122

0.002
0.014

2.4
3.0

0.001
0.003

1. 2
0.6

Sodium

b

The above data were obtained from ~ecords of measurements made under the
directio~ of the NADP quali~y assurance program.
a.
b.

Number of replicates
589.0 nm wavelength
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Figure lo

Percentile Concentration Values Obtained from
Wet Deposition Samples: Calcium, Magnesium,
Potassium, and Sodium.
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1.

2.

SCOPE AND APPLICATION
1.1

This method is applicable to the determi~ation of chloride,
orthophosphate, nitrate, and sulfate in wet deposition by chenically
suppressed ion chromatography.

1.2

The term "wet deposition" is used in this method to designate rain,
snow, dew, sleet, and hail.

1.3

The method detection limits (MDL) :or the above analytes were
determined from replicate a~alyses of calibration solutions containing
0.05 mg/L of each analyte.
The_measu~ed ~L's ~~r chloride, nitrate,
and sulfate are 0.03 mg/L as Cl , N~ , and so
. The MDL for
4
3
orthophosphate is 0.02 mg/Las P0 The analyte concentration
4
range of this method is outlined in Table 1.

1.4

Figure 1 represents cumulative frequency percentile concentration
plots of chloride, nitrate, orthophosphate, and sulfate obtained from
analyses of over five thousar.d wet deposition samples. These data
may be used as an aid in the selection of appropriate calibration
standard concentrations.

SUMMARY OF METHOD
2.1

3.

Ion chromatography corrbines conductimetric detection with the
separation capabilities of ion exchange resins. A filtered aliquot
of sample, ranging in size from 100 to 250 uL, is pumped through an
ion exchange column where the anions of interest are separated.
Each
ion's affinity for the exchar.ge sites, kr.own as its selectivity
quotient, is largely determined by its radius and valence.
Because
different ions have different migratio~ rates, the sample ions elute
from the column as discrete bar.ds.
Each ion is identified by its
retention tine within the exchange column.
The sample ions are
selectively eluted off the separator column and onto a suppressor
colum~.
The eluer.t ions are neutralized and the sample ions are
converted to their corresponding strong acids which are detected in a
conductance cell. The chronatogra~s produced are displayed on a
strip chart recorder or other data acquisition device for measurement
of peak height or area.
The ior. chromatograph is calibrated with
standard solutions containing k~own concentrations of the ar.ior.(s) of
interest. Calibration curves are constructed from which the
concentration of each analyte in the unk~own sample is determined.

DEFINITIONS
3.1

ION EXCHANGE -- a reversible process by which ior.s are interchanged
between a~ insoluble material a~d a liquid with no substantial
structural changes of the material (14.l).

3.2

ELUENT -- the ionic liquid mobile phase used to transport tr.e sample
through the exchange columns.

3.3

REGENERANT -- a solution that converts and naintains an active form
of the suppressor.
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4.

3.4

RESOLUTION -- the ability of a column to separate constituents under
specified test conditions.
Peak resolution is a function of column
efficiency, selectivity, and capacity.

3.5

RETENTION TIME -- the interval measured from the point of sample
injection to the point of maximum peak height or area.

3.6

For definitions of other terms used in this method, refer to the
glossary.
For an explanation of the metric system including units,
symbols, and conversion factors see American Society for Testing and
Materials (ASTM) Standard E 380, "Metric Practices'' (14.2).

INTERFERENCES
4.1

Unresolved peaks will result when the concentration of one of the
sample components is 10 to 20 times higher than another component
that appears in the chromatogram as an adjacent peak.
Decreasir.g
the eluent concentration or the flow rate may correct this problem.

4.2

Interferences can be caused by ions with retention times that are
similar to and thus overlap those of the anion of interest. This
type of positive interference is rare in wet deposition samples.
If
this interference occurs, decreasing the eluent concentration or the
flow rate may result in improved peak resolution.

4.3

Water from the sample injection will cause a negative peak or dip
in the chronatogram when it elutes because its conductance is less
than that of the suppressed eluent. Any ion of interest eluting near
the water dip must be sufficiently resolved from the dip to be
accurately quantified.
This can be achieved by changing the eluent
concentration or decreasing the flow rate. Alternatively, the
negative peak can be reduced by adding an equivalent of 100 uL of
a prepared eluen~ concentrate (solution that is 100 times more
concentrated than the eluent used for analysis) per 10.0 mL of
sample.
Proportionate eluent additions must also be included in
calibration and quality control solutions.

4.4

Deterioration in column per:ormance can result from the buildup of
contaminants on the exchange resin.
Losses in retention and
resolution are sympto~s of columr. deterioration.
Refer to the
manufacturer's guidelines for instructions on cleaning the column
resin.

4.5

The presence of air bubbles in ~he columns, tubing, or conductivity
detector cell will cause baseline ar.d peak variability.
Avoid
introducing air into the system when injecting samples and standards.
Using degassed eluents and regenerants will help to minimize the
introduction of air.
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5.

6.

SAFETY
5.1

The calibration standards, sample types, and most reagents used in
this method pose no hazard to the analyst.
Use a fume hood,
protective clothing, and safety glasses when handling concentrated
sulfuric acid (Sect. 7.4).

5.2

Keep the doors of the instrument column compartment closed at all
times when pumps and columns are in use to prevent injury to the
operator from column explosion if the pump pressure or column
backpressure increases.

5.3

Follow American Chemical Society guidelines regarding the safe
handling of chemicals used in this method (14.3).

APPARATUS AND EQUIPMENT
6.1

ION CHROMATOGRAPH -- Select an instrument equipped with an injection
valve, sample loop, a sampling system, analytical columns, compressed
gas, pumps, detector, and strip chart recorder or other data
acquisition device. All tubing that comes in contact with samples
and standards must be manufactured from inert material such as
polyethylene or tetrafluoroethylene (TFE) . Refer to Table 2 for
details on column compatibility.
6.1.1

Anion Guard Column -- Place before the separator column.
This contains the same resin as the separator column and
is used to protect the ion exchange column from being
fouled by particulates or organic constituents.
Using an
anion guard column will prolong the life of the separator
column (4 x 50 mm, Dionex P/N 030986, AG3, or equivalent).

6.1.2

Anion Separator Column -- This is a column packed with a
pellicular low-capacity anion exchange resin constructed of
polystyrene-divinylbenzene beads coated with ammonium active
sites (4 x 250 mm, Dionex P/N 030985, AS3, or equivalent).

6.1.3

Anion Suppressor Column -- Place after the separator column.
This may be in the form of a packed bed, fiber or
micro-membrane suppressor.
The first type of suppressor is
packed with a high-capacity anion exchange resin in the
protonated form capable of converting the eluent to a low or
negligible background conductance and converting the sample
anions to their corresponding strong acids (Dionex P/N 030828,
ASC2, or equivalent). The second two types of suppressors
utilize a semipermeable membrane containing anion exchange
sites to suppress eluent conductance.
Both the fiber and
micro-membrane suppressors are under continuous regeneration.
(Dionex P/N 35350, AFS, fiber; Dionex P/N 38019, AMMS,
micro-membrane, or equivalent).
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6.1.4

Compressed Gas (Nitrogen or Air) -- Use ultra-high purity,
99.999% (v/v) compressed gas conforming to the recommendations
of the manufacturer of the ion chromatograph.

6.1.5

Detector -- Select a flow-through, temperature-compensated,
electrical conductance cell with a volume of approximately
6 uL coupled with a meter capable of reading from 0 to
1000 uS/cm on an analog or digital scale.

6.1.6

Pump -- Use a pump capable both of delivering an accurate
flow rate and of tolerating the optimal pressure as suggested
by the instruction manual accompanying the ion chromatograph
and columns selected. A constant pressure, constant flow pump
is recommended for enhanced baseline stability. All interior
pump surfaces that will be in contact with samples and
standards should be manufactured from inert materials.

6.1.7

Recorder -- This should be compatible with the maximum
conductance detector output with a full-scale response time of
0.5 sec or less.

6.1.8

Sample Loop -- Select a sample loop compatible with the column
system having a capacity of 100-250 uL.

6.1.9

Sampling System -- Select one of the following for sampling.
6.1.9.1

Syringe -- Use a syringe equipped with a male fitting
with a minimum capacity of 2 mL.

6.1.9.2

Autosampler -- Use an autosampling system capable of
precise delivery, equipped with a dust cover to
prevent airborne contamination.

6.2

ELUENT AND REGENERANT RESERVOIRS -- Select containers with a 4-20 L
capacity that are designed to minimize introduction of air into the
flow system. The regenerant reservoirs may be pressurized with
nitrogen or air (5-10 psi) to ensure constant delivery to the
suppressor columr..

6.3

INTEGRATOR (optional) -- Select an instrument compatible with the
detector output to quantitate the peak height or area. A system such
as the Spectra Physics 4270 Integrator or a personal computer with a
chromatographic software package such as furnished by Nelson
Analytical, may be used to provide a direct readout of the
concentration of the analyte of interest.
If an integrator is used,
the maximum peak height or area measurement must be within the linear
range of the integrator.
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6.4

7.

LABORATORY FACILITIES -- Laboratories used for the analysis of
wet deposition samples should be free from external sources of
contamination. The use of laminar flow clean air workstations is
recommended for sample processing and preparation to avoid the
introduction of airborne contaminants. Samples should always be
capped or covered prior to analysis. A positive pressure
environment within the laboratory is also recommended to minimize
the introduction of external sources of contaminant gases and
particulates.
Room temperature fluctuations should be controlled to
within ~3°c to prevent baseline drift and changes in detector
response.
Windows within the laboratory should be kept closed
at all times and sealed if air leaks are apparent. The use of
disposable tacky floor mats at the entrance to the laboratory is
helpful in reducing the particulate loading within the room.

REAGENTS AND CONSUMABLE MATERIALS
7.1

PURITY OF REAGENTS -- Use reagent grade chemicals for all solutions.
All reagents shall conform to the specifications of the Committee on
Analytical Reagents of the American Chemical Society (ACS) where such
specifications are available.

7.2

PURITY OF WATER
Use water conforming to ASTM Specification D 1193,
Type II (14.4).
Point of use 0.2 micrometer filters are recommended
for all faucets supplying water to prevent the introduction of
bacteria and/or ion exchange resins into reagents, standard
solutions, and internally formulated quality control check solutions.
Degas the water prior to use by placing in a glass container,
agitating vigorously, and aspirating off the liberated gases.

7.3

ELUENT SOLUTION -- Sodium bicarbonate 0.0056 N, sodium carbonate
0.0044 N (eluent strength recommended for wet deposition analysis
using an AS3 or AS4 separator column).
Dissolve 0.941 g sodium
bicarbonate (NaHC0 ) and 0.933 g of sodium carbonate (Na co )
3
2 3
in water (Sect. 7.2) and dilute to 4 L. Mix the solution well and
degas before use.
Refer to Table 2 for a list of suitable eluent
solutions for other separator columns.

7.4

REGENERATION SOLUTION -- Dilute concentrated sulfuric acid
(H so , sp gr 1.84) to one of the following concentrations for
2 4
use with packed bed, fiber, or micro-membrane suppressors.
7.4.l

Sulfuric Acid (1.0 N) -- (regenerant for a packed bed column)
Add 111 mL of concentrated H so to 2 L of water (Sect.
2 4
7.2) and dilute to 4 L.

7.4.2

Sulfuric Acid (0.025 N)
(regenerant for a fiber suppressor)
Add 2.8 mL of concentrated H so to 2 L of water (Sect.
2 4
7.2) and dilute to 4 L.

7.4.3

Sulfuric Acid (0.018 N) -- (regenerant for a micro-membrane
suppressor) Add 2.0 mL of concentrated H so to 2 L of
2 4
water (Sect. 7.2) and dilute to 4 L.
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7.5

7.6

8.

STOCK STANDARD SOLUTIONS -- Stock standard solutions may be
purchased as certified solutions or prepared from ACS reagent grade
materials as listed below.
Store the solutions at room temperature
in high density polyethylene or polypropylene containers.
7.5.1

Chloride Solution, Stock (1.0 mL = 1.0 mg Cl) -- Dissolve
1.6484 g of sodium chloride (NaCl), dried at 105°c for one
hour, in water (Sect. 7.2) and dilute to 1 L.

7.5.2

Nitrate Solution, Stock (1.0 mL = 1.0 mg N0 )-- Dissolve
3
1.3707 g sodium nitrate (NaN0 ) in water (Sect. 7.2) and
3
dilute to 1 L.

7. 5. 3

Orthophosphate Solution, Stock (1.0 mL = 1.0 mg PO ) -
Dissolve 1.4328 g anhydrous potassium phosphate (K~ Po
in water (Sect. 7.2) and dilute to 1 L.

7.5.4

Sulfate Solution, Stock (1.0 mL = 1.0 mg so J -- Dissolve
4
1.8142 g anhydrous potassium sulfate (K so ) in water
2 4
(Sect. 7.2) and dilute to 1 L.

2 4J

SAMPLE CONTAINERS -- Use polyolefin or glass sample cups that have
been rinsed thoroughly with water (Sect. 7.2) before use.

SAMPLE COLLECTION, PRESERVATION AND STORAGE
8.1

Collect samples in high density polyethylene (HOPE) containers that
have been thoroughly rinsed with ASTM Type II water (7.2).
Do not
use strong mineral acids or alkaline detergent solutions for cleaning
collection vessels.
Residual acids may remain in the polyethylene
matrix and slowly leach back into the sample. Alkaline detergents
may also leave residues that may affect the sample chemistry.
Cap
collection bottles after cleaning to prevent contamination from
airborne contaminants; air dry collection buckets in a laminar flow
clean air workstation and wrap in polyethylene bags prior to use.
If
a laminar flow workstation is not available, pour out any residual
rinse water and bag the buckets immediately.
Do not dry the bucket
interior by any method other than air drying in a laminar flow clean
air workstation.

8.2

The frequency of sample collection and the choice of sampler design
are dependent on the monitoring objectives.
In general, the use of
wet-only samplers is recommended to exclude dry deposition
contributions, minimize sample contamination, retard evaporation,
and enhance sample stability.
Sample collection frequency may vary
from subevent to monthly sampling periods. Collection periods of
more than one week are not recommended since sample integrity may be
compromised by longer exposure periods.
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8.3

Chloride is the only anion in this method that is stable in
solution (14.5). Nitrate and orthophosphate concentrations are
affected by biological activity wit~in wet deposition samples. The
oxidation of nitrite and sulfite after sample collection will result
in increased concentrations of nitrate and sulfate, respectively.
Sample measurements for sulfate, nitrate, a~d orthophosphate ions
should be made immediately after collection if possible.
Refrigeration of samples at 4°C will minimize, but not eliminate,
concentration changes prior to chemical analys~s (14.5).
8.3.1

9.

Filtration of samples through a 0.45 micrometer membrane
leached with water (Sect. 7.2) is partially effective at
stabilizing nitrate and orthophosphate by removal of
biologically active species. Refrigeration after immediate
filtration is the most reliable method to ensure sample
integrity for these two parameters. Sample storage time
should not exceed one week. Chloride and sulfate
deter~inations should be nade within two weeks of sample
collection.

CALIBRATION AND STANDARDIZATION
9.1

Assemble the ion chromatograph according to the manufacturer's
instructions.
Recommended operating conditions for the apparatus are
listed in Table 1.
Included in Table 3 are retention times
characteristic of this method. Other columns, chromatographic
conditions, or detectors may be used provided the requirements
detailed in Sect. 6 are met.

9.2

Bring all standards, samples, eluents, and regenerants to ambient
temperature before beginning any analyses. Maintain laboratory
temperature conditions within ~3°c while conducting analyses.

9.3

Use the eluent strength in Sect. 7.3 for wet deposition analyses.
If peak resolution is not adequate, it may be necessary to decrease
the eluent strength. Refer to the manufacturer's recommendations for
guidelir.es or. optimizing eluer.t strength.

9.4

Adj~st

9.5

Equilibrate the system by pumping eluent through all the columns and
the detector until 3 stable baseline is obtair.ed.

the instrumer.t flow rate for opti~al peak resolutio~.
Decreasing the flow rate may provide i~proved peak resolution but
will lengthen retention times.
Increasing the flow rate decreases
peak resolution and s~ortens retention tines.
Re~er to the
manufacturer's recommendations for guidelines on optimizing flow
rate.
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9.6

9. 7

CALIBRATION SOLUTIONS
9.6.1

Five calibration solutions and one zero standard are needed to
generate a suitable calibration curve.
The lowest calibration
solution should contain the analyte(s) of interest at a
concentration greater than or equal to the method detection
limit. The highest solution should approach the expected
upper limit of concentration of the analyte in wet deposition.
Prepare the remaining solutions such that they are evenly
distributed throughout the concentration range.
If a second
detector sensitivity scale setting is used to increase the
instrument's concentration range, calibrate at the two
sensitivity levels. Suggested calibration standards for each
analyte are listed in Table 3.

9.6.2

Prepare all calibration standards by diluting the stock
standards (Sect. 7.5). Use glass (Class A) or plastic
pipettes that are within the bias and precision tolerances
specified by the manufacturer. Standards with a concentration
greater than 0.10 mg/L of each anion are stable for one week
when stored at room temperature in high density polyethylene
or polypropylene containers.
Prepare standards with 0.10 mg/L
or less of each anion fresh every day and store at room
temperature in high density polyethylene or polypropylene
ccntainers.

9.6.3

Chloride, orthophosphate, nitrate, and sulfate can be combined
into a single solution at each of the five standard
concentration levels.

CALIBRATION CURVE
9.7.1

Flush the sampling system with the calibration standard using
at least ten times the injection loop volume.
Inject the
standard and record the peak height or area response.
Repeat
this step for each calibration standard. Construct
calibration curves for each of the four analytes according to
Sect. 12.

9.7.2

Record the retention times for each analyte.
Measure
retention time from an initial starting point on the
chromatogram.

9.7.3

Verify the calibration curve after every ten samples and at
the end of each day's analyses according to Sect. 10.5.

9.7.4

Whenever a new eluent or regenerant solution is made,
reestablish the calibration curve.
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10.

QUALITY CONTROL
10.1

Each laboratory using this method should develop formalized quality
control protocols to continually monitor the bias and precision of
all measurements. These protocols are required to ensure that the
measurement system is in a state of statistical control.
Estimates
of bias and precision for wet deposition analyses cannot be made
unless these control procedures are followed.
Detailed guidelines
for the development of quality assurance and quality control
protocols for wet deposition measurement systems are published in a
manual available from the United States Environmental Protection
Agency, Research Triangle Park, NC 27711 (14.6).
Included in this
manual are procedures for the development of statistical control
charts for use in monitoring bias and precision as well as
recommendations for the introduction of reagent blanks, laboratory
duplicates, field duplicates, spike samples, and performance
evaluation samples.
These guidelines are to be used by all
laboratories involved with wet deposition measurements.

10.2

ESTABLISHMENT OF WARNING AND CONTROL LIMITS -- Warning and control
limits are used to monitor drift in the calibration curve, analyses
of quality control check samples (QCS), and measured recoveries
from laboratory spikes.
10.2.1

Calibration Curve -- After a calibration curve has been
constructed according to Sect. 12, reanalyze additional
aliquots of the low and high concentration standards.
Calculate the concentrations using the previously derived
calibration curve.
Repeat this procedure until at least
ten determinations at each concentration level have been
made.
These data should be collected on ten different days
to provide a realistic estimate of the method variability.
Calculate a standard deviation (s) at each conce~tration
level.
Use the nominal standard concentration as the mean
value (x) for determining the control limits.
A warning
limit of x + 2s and a control limit of x + 3~ should be
used.
Reestablish these limits whenever instrumental
operating conditions change.

10.2.2

Quality Control Check Samples (QCS) -- Calculate warning
and control limits for QCS solutions from a minimum of 10
analyses performed on 10 days.
Use the calculated standard
deviation (s) at each QCS concentration level to develop
the limits as described in Sect. 10.2.1. Use the certified
or NBS traceable concentration as the mean (target) value.
Constant positive or negative measurements with respect to
the true value are indicative of a method or procedural
bias. Utilize the data obtained from QCS measurements
as in Sect. 10.4 to determine when the measurement system
is out of statistical control. The standard deviations
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used to generate the QCS control limits should be
comparable to the single operator precision reported in
Table S.
Reestablish new warning and control limits
whenever instrumental operating conditions are varied or
QCS concentrations are changed.
10.2.3

Laboratory Spike Solutions -- A minimum of 10 analyte
spikes of wet deposition samples is required to develop a
preliminary data base for the calculation of warning and
control limits for spike recovery data.
Select the spike
concentration such that the working range of the method
will not be exceeded. Samples selected for the initial
spike recovery study should represent the concentration
range common to wet deposition samples in order to reliably
estimate the method accuracy. Calculate a mean and
standard deviation of the percent recovery data using the
formulas provided in the glossary.
Determine warning and
control limits using .:!:_2s and .:!:_3s, respectively.
If
the data indicate that no significant method bias exists
(14.7), the 100 percent recovery is used as the mean
percent recovery.
Where a significant bias is determined
at the 95% confidence level, the control limits are
centered around the bias estimate. Routine spiked sample
analyses that yield percent recovery data outside of the
control limits are an indication of matrix interferences
that should be resolved before routine analyses are
continued.

10.2.4

All warning and control limits should be reevaluated on a
continual basis as additional data are collected during
routine analyses.
The limits should be broadened or
narrowed if a recalculated standard deviation under similar
operating conditions provides a different estimate of the
procedure variability.

10.3

Monitor the cleaning procedure by pouring a volume of water (Sect.
7.2) that approximates the median sample size into the collection
vessel. Allow the water to remain in the sealed or capped
collection container for at least 24 hours and determine the
concen~rations of the anions that will be measured in wet
deposition.
If any of the analyte concentrations exceed the MDL,
a contamination problem is indicated in the cleaning procedure.
Take corrective action before t~e sampling containers are used for
the collection of wet deposition.

10.4

Analyze a quality control check sample (QCS) after the ion
chromatograph has been calibrated. This sample may be formulated
in the laboratory or obtained from the National Bureau of Standards
(NBS Standard Reference Material 2694, Simulated Rainwater).
Verify the accuracy of internally :ormulated QCS solutions with an
NBS traceable standard before acceptance as a quality control
check. The check sample(s) selected must ~e within the range of
the calibration standards.
If the measured value for the QCS falls
outside of the +3s limits (Sect. 10.2.2), or if two successive
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QCS checks are outside of the ~2s limits, a problem is indicated
with the ion chromatograph or calibration curve. Corrective action
should be initiated to bring the results of the QCS within the
established control limits. Plot the data obtained from the QCS
checks on a control chart for routine assessments of bias and
precision.

11.

10.5

Verify the calibration curve after a maximum of ten samples and at
the end of each day's analyses. Analyze calibration standards at
the low and high ends of the working range.
If the routine
calibration checks do not meet the criteria described in Sect.
10.4, recalibrate the system and reanalyze all samples from the
last time the system was in control. Verify the new calibration
curve with the QCS according to Sect. 10.4 and reanalyze all
samples measured since the last time the system was in control.

10.6

Submit a Field Blank (FB) to the laboratory for every 20 samples.
The FB may consist of a water sample (Sect. 7.2) or a known
reference solution that approximates the concentration levels
characteristic of wet deposition. The FB is poured into the
sampling vessel at the field site and undergoes identical
processing and analytical protocols as the wet deposition
sample(s). Use the analytical data obtained from the FB to
determine any contamination introduced in the field and laboratory
handling procedures. The data from the known reference solution
can be used to calculate a system precision and bias.

10.7

Prepare and analyze a laboratory spike of a wet deposition sample
according to the guidelines provided in "Quality Assurance Manual
for Precipitation Measurement Systems" (14.6). Compare the results
obtained from spiked samples to those obtained from identical
samples to which no spikes were added.
Use these data to monitor
the method percent recovery as described in Sect. 10.2.3.

10.8

Participation in performance evaluation studies is recommended for
wet deposition chemistry laboratories. The samples used for these
performance audits should contain the analytes of interest at
concentrations within the normal working range of the method. The
true values are unknown to the analyst.
Performance evaluation
studies for wet deposition chemistry laboratories are conducted
semiannually by the USEPA Performance Evaluation Branch, Quality
Assurance Division, Research Triangle Park, NC 27711.

PROCEDURE
11.1

Check the instrumental operating parameters each day according to
Sect. 9 and Table 1.

11.2

Prepare all standards and construct calibration curves according
to Sect. 9.6 and 9.7.

11.3

After the calibration curve is established, analyze the QCS.
If
the measured value for the QCS is not within the specified limits
(Sect. 10.2.2), refer to Sect. 10.4.
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11.4

12.

SAMPLE INJECTION
11.4.1

Use the same size injection loop for both standards and
samples.
Samples may be injected manually with a syringe
or with an autosarnpler.

11.4.2

Flush the sampling system thoroughly with each new sample
using a rinse volume of at least ten times the loop size.
Inject the sample, avoiding the introduction of air
bubbles into the system.

11.4.3

Record the

res~lting

peak heights or areas.

11.5

If the peak height or area respor.se exceeds the working range of
the system, dilute the sample with zero standard and reanalyze.

11.6

A sample chromatogram is provided in Figure 2.

CALCULATIO~S

12.l

For each analyte of interest, calculate a linear least squares fit
of the standard concentrations as a function of the measured peak
height or area.
The linear least squares equation is expressed as
follows:

standard concentration in ~g/L
peak height or area measurec
y-intercept calculated frcm: y
slope calc~lated from:

where:

n

l
i=l

n
(x. - x) (y
i

i

where:

x

- y)/

l
i=l

- B1 x

(x. - x_)2
i

nean of peak heights or areas measured
nean of standard concentrations
n = number of samples

y

The correlation coefficien~ should be 0.9990 or greater. Determine
the concentration of the ana~yte of interest from the calibration
curve.
12.2

If the relatior.ship between standard concentration and meas~red peak
height or area is nonlinear, use a second degree polynomial least
squares equation to derive a curve with a correlation >0.9990.
The secor.d degree polynonial equatior. is expressed as follows:

A computer program is r.ecessary for the derivation of this
function.
Determine the concentraticn of the ar.alyte of interest
from the calibration curve.
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12.3

12.4

13.

14.

An integration system may also be used to provide a direct readout
of the concentration of the analyte of interest.

-3
-2
Report data in mg/L as Cl , No , Po
, or so
. Do
3
4
4
not report data lower thar. the lowest calibration standard.

PRECISION AND BIAS
13.1

The mean percent recovery and mean bias of this method were
determined from the analysis of spiked wet deposition samples
according to ASTM Standard Practice 04210, Annex A4 (14.7).
The
results are summarized in Table 4.
No statistically significant
biases were found for any of the four inorganic anions.

13.2

Single-operator precision and bias were obtained from the analysis
of quality cor.trol check samples that approximated the levels
common to wet deposition samples. These results reflect the
accuracy that car. be expec~ed wher. the ~ethod is used by a
competent operator. These data are presented in Table 5.
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Table 1.

Analyte

Chloride
Orthophosphate
Nitrate
Sulfate

a.

Method Detection Limits and Concentration
Ranges for the Determination of Anions in Wet
Deposition.

Method Detection
. . a
Li.mi t,
mg/L

Concentration
Range,
mg/L

0.03
0.02
0.03
0.03

0.03
0.02
0.03
0.03

Chromatographic Conditions:
Guard Column -- Dionex AG3
Separator Column -- Dionex AS3
Fiber Suppressor -- Dionex AFS
Detector - As specified in 6.1.5
Eluent - As specified in 7.3
Sample Loop - 250 uL
Flow Rate - 3 mL/min
Detector Sensitivity - 10 uS/cm
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-

2.00
0.25
5.00
8.00

Table 2.

Compatibility of Separator and Suppressor Columns

with Suggested Regeneration and Eluent Solutions for
the Analysis of Wet Deposition.

Eluent
Solution

Anion Separator
Column

a.

Packed Bed

Anion Suppressors
Fiber

Micro-membrane

Dionex ASl

0.003 M NaHC0
3
0.0024 M Na co
2 3

compatible

compatible

not
recommendeda

Dionex AS3

0.0028 M NaHC0
3
0.0022 M Na co
2 3

compatible

compatible

not
recommendeda

Dionex AS4

0.0028 M NaHC0
3
0.0022 M Na co
2 3

compatible

compatible

compatible

Dionex AS4A

0.00075 M NaHC0
3
0.0022 M Na co
2 3

compatible

compatible

compatible

The increased back-pressure created by the micro-membrane suppressor
may reduce column efficiency when this type of separator column is used.
Refer to the manufacturer's guidelines for recommendations of minor
adjustments necessary to make this system work properly.

Regeneration Solutions:
Packed Bed
Fiber
Micro-membrane

0.1 N HCl or 1.0 N H so
2 4
0.025 N H so
2 4
0.018 N H so
2 4
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Table 3.

Analyte

Retention Times and Suggested Calibration
Standard Concentrations for the Determination
of Anions in Wet Deposition Samples.a

Approximate Retegtion
Time Range,
sec

Calibration
Standards,
mg/L

84

-

120

zero
0.03
0.40
0.75
1.10
1. 50

Orthophosphate

144

-

180

zero
0.02
0.10
0.15
0.20
0.25

Nitrate

240

-

300

zero
0.03
1. 00
2.00
3.00
4.00

Sulfate

336

-

396

zero
0.03
1. 25
2.50
3.75
5.00

Chloride

a.

b.

Based on the MDL and 95~h percentile cor.cent~ations of each
analyte obtained from analyses of over five thousand wet deposition
samples from the NADP/NTN precipitation network.
The retention time was measured from the time of injection. For
c~romatographic ccnditions, refer to Table 1.
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Table 4.

Single-Operator Precision and Bias for Chloride,
Orthophosphate, Nitrate, and Sulfate Determined
from Analyte Spikes of Wet Deposition Samples.a

Mean
Percent
Recovery

Mean
Bias,
rng/L

10
9

102.0
101.8

0.00
0.01

0.01
0.02

No
No

0 .11

10

98.3

0.00

0.01

No

Nitrate

0.44
1.10

10
10

99.8
96.0

0.00
-0.04

0.03
0.07

No
No

Sulfate

0.46
1.10

10
10

101.3
98.7

0.01
-0.01

0.04
0.05

No
No

Amount
Added,
mg/L

n

Chloride

0.10
0.32

Ortho
phosphate

Analyte

b

Standard
Deviation,
rr.g/L

Statistically
Significant
Bias?c

------------------------------------------------------------------------------

a.

b.
c.

Chromatographic Conditions:
Guard Column -- Dionex AG3
Separator Column -- Dionex AS3
Packed Bed Suppressor Colu~n -- Dionex ASC2
Detector - As specified in 6.1.5
Elue~t -
As specified in 7.3
Sample Loop - 250 ~L
Flow Rate - 3 mL/min
10 uS/crr.
Detector Sensitivity
Number of replicates
95% Confidence Level
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Table 5.

Analyte

Single-Operator Precision and Bias for Chloride,
Orthophosphate, Nitrate, and Sulfate Determined
from Quality Control Check Samples.a

Theoretical
Concentration,
mg/L

Measured
Concentration,
b
mg/L
n

Bias,
mg/L

%

Precision,
s,
RSD,
mg/L
%

Chloride

0.18
0.85
1. 78

0.19
0.87
1. 88

132
479
255

0.01
0.02
0.10

5.6
2.4
5.6

0.02
0.03
0.05

10.5
3.4
2.7

Orthophosphate

0.05
0.15

0.05
0.15

10

10

0.00
0.00

0.0
0.0

0.00
0.01

0.0
6.7

0.80
3.54

0.81
3.64

485
415

0.01
0.10

1. 2

2.8

0.02
0.12

2.5
3.3

0.72
0.94
3.60

0. 72
0.92
3.69

340
482
122

0.00
-0.02
0.09

0.0
-2.1
2.5

0.03
0.03
0.11

4.2
3.3
3.0

Nitrate

Sulfate

The above data were obtained from records of measurements made under the
direction of the NADP/NTN quality assurance program.
a.
b.

For chromatographic conditions, refer to Table 1.
Number of replicates
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Figure 1.

Percentile Concentration Values Obtained from Wet
Deposition Samples: Chloride, Orthophosphate,
Njtrate, and Sulfate.
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9

Chromatogram of a Wet Deposition Sample Containing
Chloride, Orthophosphate, Nitrate, and Sulfate,
(a) Without and (b) With Eluent Matching.

a

b
c1-

c1

8

1.01 mg/L Cl

1.01 mg/L Cl
7

0.25 mg/L P0
0.69 mg/L

6

I
I

0.25 mg/L P0 -3
4
0.69 mg/L N0
3
1.60 mg/L so- 2

No;

1. 60 mg/L SO

E
(,J

-3
4
-2
4

4

5

~
LU

I
~

4

<(
LU

0..

3

so 4 2 -

2

so 4 2 

NO 3 -

NO 3 

Point of
Injection
0

Point of
Injection

t

0

t

2

4

8
6
0
RETENTION Tl ME, minutes

2

Chromatographic Conditions:
Guard Column -- Dionex AG3
Separator Colunm -- Dionex AS3
Fiber Suppressor -- Dionex AFS
Detector -- As specified in 6.1.5
Eluent -- As specified in 7.3
Sample Loop -- 250 uL
Flow Rate -- 3 mL/min
Detector Sensitivity -- 10 uS/cm
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1.

2.

SCOPE AND APPLICATION
1.1

This method is applicable to the determination of sodium, ammonium,
potassium, magnesium, and calcium in wet deposition by chemically
suppressed ion chromatography.

1.2

The term "wet deposition'' is used in this rnethod to designate rain,
snow, dew, sleet, and hail.

1.3

The method detection limits (MDL) for the above analytes determined
from replicate analyses of quality control check solutions are
0.02 mg/L for magnesium and calcium, 0.03 mg/L for sodium and
ammonium, and 0.01 mg/L for potassi~rn. The concentration of analyte
in each check sample is detailed in Table 4.
The applicable analyte
concentration range of this method is outlined in Table 1.

1.4

Figure 1 represents cunulative frequency percentile concentration
plots of sodium, ammonium, potassium, magnesium, and calcium obtained
from a:-ialyses of ave.?:" five thousand wet deposition samples. These
data may be used as ar. aid in the selection of appropriate
calibration standard concentrations.

SUMMARY OF METHOD
2.1

3.

Ion chromatography combines conductimetric detection with the
separation capabili~ies cf ion exchange resins.
A filtered 100 uL
aliquot of sa~ple is pumped through an ion exchange column where the
cations of interest are separated.
Each ion's affinity for the
exchange sites, known as its selectivity quotient, is largely
determined by its radius a:-id valence.
Because different ions have
differer.t migration rates, the sample ions elute :rom the column as
discrete bands.
Each ion is identified by its retention time within
the exchange column.
The sample ions are selectively eluted off the
separator column and onto a suppressor cclumn. The eluent ions are
neutralized and the sample ions are converted to their correspondir.g
stro:-ig bases which are detected in a conductance cell. The
chromatograms produced a~e displayed o:-i a strip chart recorder or
other data acquisition device fer ~easurement of ~eak height or area.
The ion chromatograph is calibrated with sta:-idarc solutions
containing known conce:1trations of the caticn(s) of interest.
Calibration curves are constructed from which the concentration of
each analyte in the unknown sample is determined.

DEFINITIONS
3.1

ION EXCHANGE -- a reversible process by which ions are interchanged
between an insoluble ~aterial and a liquid with no substantial
structural changes of the material (14.1).

3.2

ELUENT -- the ionic liquid mobile phase used to transport the sample
through the exchange columns.

3.3

REGENERANT -- a so~utior. that converts and maintains an active form
of the suppressor.
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4.

5.

3.4

RESOLUTION -- the ability of a column to separate constituents under
specified test conditions.
Peak resolution is a function of column
efficiency, selectivity, and capacity.

3.5

RETENTION TIME -- the interval measured from the point of sample
injection to the point of maximum peak height or area.

3.6

For definitions of other terms used in this method, refer to the
glossary. For an explanation of the metric system including units,
symbols, and conversion factors see American Society for Testing and
Materials (ASTM) Standard E 380, "Metric Practices" (14. 2) .

INTERFERENCES
4.1

Unresolved peaks will result when the concentration of one of the
sample components is 10 to 20 times higher than another component
that appears in the chromatogram as an adjacent peak.
Decreasing the
eluent concentration or the flow rate may correct this problem.

4.2

Interferences may be caused by ions with retention times that are
similar to and thus overlap those of the cation of interest.
This
type of positive interference is rare in wet deposition samples.
If
this type of interference occurs, decreasing the eluent concentration
or the flow rate may improve peak resolution.

4.3

The divalent cations, present in solution, which are not eluted with
the monovalent cation eluent, will cause a loss of retention and
resolution of the monovalent species, as they accumulate on the
separator column. When this occurs, clean the monovalent column
with 20 mL of 1.0 N HCl for 15 minutes and then equilibrate by
rinsing the column with eluent until a stable baseline is obtained.

4.4

Deterioration in column performance may result from the buildup of
contaminants on the exchange resin.
Losses in retention and
resolution are symptoms of column deterioration.
Refer to the
manufacturer's guidelines for instructions on cleaning the column
resin.

4.5

The preser.ce of air bubbles in the columns, tubing, or conductivity
detector cell will cause baseline and peak variability. Avoid
introducing air into the system when injecting samples and standards.
Using degassed eluents and regenerants will help to minimize the
introduction of air.

SAFETY
5.1

The calibration standards, sample types, and most reagents used in
this method pose no hazard to the analyst. Use a fume hood,
protective clothing, and safety glasses when handling concentrated
hydrochloric acid (Sect. 7.3-7.4).
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6.

5.2

Keep the doors of the instrument colu~n compar~ment closed at all
times when pumps and columns are in use to prevent injury to the
operator from column explosion if the pump pressure or column
backpressure increases.

5.3

Follow American Chemical Society guidelines regarding the safe
handling of chemicals used in this method (14.3).

APPARATUS AND EQUIPMENT
6.1

ION CHROMATOGRAPH -- Select a chromatograph equipped as detailed in
Sects. 6.1.1-6.1.9. To determine monovalent and divalent cations
simultaneously, select a dual channel chromatograph equipped with two
separator and two suppressor columns.
If the sample ions are to be
determined sequer.tially by analyzing the sample twice, the same
suppressor column may be used for both determinations.
The divalent
eluent solution is strongly retained on the guard and separator
columns, making the determination of monovalent ions after divalent
ions with the same guard and separator columns impractical.
Therefore, use two different sets of cation guard and separator
columns; one set should be dedicated to the determination of
monovalent and the other to divalent cations.
6.1.1

Cation Guard Column -- Place before the separator column.
This contains the same resin as the separator column and
is used to protect the ion exchange column from being
fouled by particulates or organic constituents (4 x 50 mm,
Dionex P/N 30830, CGl, or equivalent).
Using a cation guard
column wi:l prolor.g the life of the separator column.

6.1.2

Cation Separator Column -- This is a column packec with a
pellicular low-capacity catior. exchange resin containing
polystyrene-divinylbenzene beads coated with sulfate active
sites (4 x 250 mm, Dionex P/N 30831, CSl, or equivalent).

6.1.3

Cation Suppressor Colu~n -- Place after the separator column.
This may be in the form of a packed bed, a fiber, or a
micro-me~brane suppressor.
The first type of suppressor is
packed with a high-capacity cation exchange resin in t~e
~nprotonated form capable of converting the eluent to a low or
negligible background conductance and converting the sample
cations to their corresponding strong oases (Dionex P/N 30834,
CSC2, or equivalent). The second two types cf suppressors
utilize a semipermeable mer.1brane containing cation exchange
sites to suppress eluent conductance (Dionex P/N 35352, CFS,
fiber; Dionex P/N 37076, CMMS, micro-membrane; or equivalent).
Both the fiber and micro-membrane suppressors are under
continuous regeneration.
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6.1.4

Compressed Gas (Nitrogen or Air) -- Use ultra-high purity
99.999% (v/v) compressed gas conforming to the recommendations
of the manufacturer of the ion chromatograph.

6.1.5

Detector -- Select a flow-through, temperature-compensated,
electrical conductance cell with a volume of approximately
6 uL coupled with a meter capable of reading from 0 to
1000 uS/cm on an analog or digital scale.

6.1.6

Pump -- Use a pump capable both of delivering an accurate flow
rate and of tolerating the optimal pressure suggested by
the instruction manual accompanying the ion chromatograph and
columns selected. A constant pressure, constant flow pump is
recommended for enhanced baseline stability.

6.1.7

Recorder -- This should be compatible with the maximum
detector output with a full-scale response time in
0.5 sec or less.

6.1.B

Sample Loop -- Select a sample loop compatible with the column
system having a capacity of 100 uL for optimal sensitivity in
wet deposition analyses.

6.1.9

Sampling System -- Select one of the following for sampling.
6.1.9.1

Syringe -- Use a syringe equipped with a male fitting
having a minimum capacity of 2 mL.

6.1.9.2

Autosampler -- Use an autosampling system capable of
precise delivery, equipped with a dust cover to
prevent airborne contamination.

6.2

ELUENT AND REGENERANT RESERVOIRS -- Select containers with a 4-20 L
capacity that are designed to minimize introduction of air into the
flow system. The regenerant reservoirs may be pressurized with
nitrogen or air (5-10 psi) to ensure constant delivery to the
suppressor column.

6.3

INTEGRATOR (optional) -- Select an instrument compatible with the
detector output to quantitate the peak height or area. A system such
as the Spectra Physics 4270 Integrator or a personal computer with a
chromatographic software package such as furnished by Nelson
Analytical, may be used to provide a direct readout of the
concentration of the analyte of interest.
If an integrator is used,
the maximum height or area measurement must be within the linear
range of the integrator.
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6.4

7.

LABORATORY FACILITIES -- Laboratories used for the analysis of
wet deposition samples should be free from external sources of
contamination.
The use of laminar flow clean air workstations is
recommended for sample processing and preparation to avoid the
introduction of airborne contaminants. Samples should always be
capped or covered prior to analysis.
A positive pressure
environment within the laboratory is also recommended to minimize
the introduction of external sources of contaminant gases and
particulates. Windows within the laboratory should be kept closed
at all times and sealed if air leaks are apparent. T~e use of
disposable tacky floor mats at the entrance to t~e labora~ory is
helpful in reducing the particulate loading within the room.
Maintain laboratory temperature within ~3°c to minimize baseline
drift and changes in detector response.

REAGENTS AND CONSUMABLE MATERIALS
7.1

PURITY OF REAGENTS -- Use reagent grade chemicals for all solutions.
All reagents shall conform to the specifications of the Committee on
Analytical Reagents of the American Chemical Society (ACS), where
such specifications are available.

7.2

PURITY OF WATER -- Use water conforming to ASTM Specification D 1193,
Type II (14.4).
Point of use 0.2 micrometer filters are recommended
:or all faucets supplying water to prevent the introduction of
bacteria and/or ion exchange resins into reagents, standard
solutions, and internally formulated quality control check solutions.
Degas the water prior to use by placing in a glass container,
agitating vigorously, and aspirating off the liberated gases.

7.3

ELUENT SOLUTION -- For the determination of monovalent cations
(sodiun, ammonium, and potassium), use a dilute (0.005 NI
hydroc~loric acid (HCl) eluent.
For the determination of divalent
cations (magnesi~m and calcium), use a solution of 0.002 N HCl and
0.004 N meta phenylenediamine Dihydrcchlor1de (mPDA 2HC1).

7.4

7.3.1

Hydrochloric Acid (0.005 N) -- (eluent solution for monovalent
cations) Add 1.65 ~L of concentrated HCl (sp gr 1.19) to
500 mL of water (Sect. 7.2) and dilute to 4 L.

7.3.2

Hydrochloric Acid : ~eta Pher.ylenediamine Dihydroch~o~ide
(0.0015 N : 0.0030 N) -- (eluent solutior. for divaler.t
cations) Add 1.087 g of mPDA 2HC1 and 0.50 rnL of concentrated
HCl to about 500 ~L of water (Sect. 7.2). Mix we~l and dilute
to 4 L with water (Sect. 7.2).

HYDROCHLORIC ACID (1.0 N) -- Add 83.0 mL of concentrated
1.19) to 900 rnL of water (Sect. 7.2) and dilute to 1 L.
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~Cl

(sp gr

7.5

7.6

REGENERATION SOLUTION -- Prepare the following solutions for use with
packed bed, fiber, or micromembrane suppressors.
7.5.1

Sodium Hydroxide (0.5 N) -- (regenerant for a packed bed
column) Dissolve 80 g of sodium hydroxide (NaOH) in water
(Sect. 7.2) and dilute to 4 L.

7.5.2

Tetramethylarnrnonium hydroxide (0.04 N) -- (regenerant for a
fiber or micro-membrar.e suppressor) Dissolve 29.976 g of
tetramethylarnrnonium hydroxide pentahydrate (TMAOH SH 0)
in water (Sect. 7.2) and dilute to 4 L. Alternativefy, add
58.4 mL of a 25% solution of TMAOH to water (Sect. 7.2) and
dilute to 4 L.

7.5.3

Barium Hydroxide (0.08 N) -- (regenerant for a fiber or
micro-membrane suppressor) Dissolve 50.45 g of barium
hydroxide octahydrate (Ba(OH)
8H 0) in water (Sect. 7.2)
2
2
and dilute to 4 L. Carbon dioxide present in the air and
water will form barium carbonate (Baco ) that must be
3
filtered out of the regenerant before it enters the
micro-merrbrane suppressor.
To prevent the intake of Baco
3
precipitate into the suppressor, install a filter over the
inlet end o: the regenerant line.
Agitate the regenerant
thoroughly before use to ensure ~hat the barium hydroxide is
completely in solution.

STOCK STANDARD SOLUTIONS -- Stock standard solutions may be purchased
as certified solutions or prepared from ACS reagent grade materials
as listed below.
Store the solutions at room temperature in high
density polyethylene or polypropylene containers.
7.6.1

Ammor.ium Solution, Stock (1.0 ~L = 1.0 mg NH ) -- Dissolve
4
2.9654 g of a~or.ium chloride (NH Cl), dried at 105°c fer
4
1 hour, in water (Sect. 7.2) and dilute to 1 L.

7.6.2

Calcium Solutia~, Stock (1.0 mL = 1.0 mg Ca)
Add 2.497 g a:
calcium carbonate (Caco J, dried at 180 °c for one hour, to
3
approximately 600 mL of water (Sect. 7.2). Add concentrated
hydrochloric acid (HCl, sp gr 1.19) slowly ~~til all the solid
has dissolved.
Dilute to 1 L with water (Sect. 7.2).

7.6.3

Magnesium Solution, Stock (1.0 mL = 1.0 mg Mg) -- Dissolve
1.000 g of magnesium ribbon ir. a minimal volume of 6 N HCl
and dilute to 1 L with water (Sect. 7.2).

7.6.4

Potassium Solution, Stock (1.0 mL = 1.0 mg Kl -- Dissolve
1.9067 g of potassium chloride (KCl), dried at 105°c for 1
hour, in water (Sect. 7.2) and dilute to 1 L.

7.6.5

Sodium Solution, Sto~k (1.0 mL = 1.0 mg Na) -- Dissolve
2.5420 g of sodium chloride (NaCl), dried at 105°c for 1
hour, in water (Sect. ?.2) ar.d dilute to 1 L.

300.7-8

7.7

8.

SAMPLE CONTAINERS -- Use polyolefin or glass sample holders that have
been rinsed thoroughly with water (Sect. 7.2) before use.

SAMPLE COLLECTION, PRESERVATION AND STORAGE
8.1

Collect samples in high density polyethylene (HOPE) containers that
have been thoroughly rinsed with ASTM Type II water (7.2). Do not
use strong mineral acids or alkalir.e detergent solutions for cleanir.g
collection vessels.
Residual acids may remain in the polyethylene
matrix and slowly leach back into the sample.
Alkaline detergents
may also leave residues that may affect the sample chemistry. Cap
collection bottles after cleaning to prevent contamination from
airborne contaminants; air dry collection buckets in a laminar flow
clean air workstation and wrap in polyethylene bags prior to use.
If
a laminar flow workstatio~ is not available, pour out any residual
rinse water and bag the buckets immediately.
Do not dry the bucket
interior by any method other than air drying in a laminar flow clean
air workstation.

8.2

The frequency of sample collection and the choice of sampler design
are dependent on the ~onitoring objectives.
In general, the use of
wet-only samplers is recommended to exclude dry deposition
contributions, minimize sample contamination, retard evaporation,
and enhance sample stability.
Sample collection frequency may vary
:ram subevent to monthly sampling periods. Collection periods of
more than one week are not recor:unended since sample ir.tegrity may be
compromised by longer exposure periods.

8.3

The dissolutior. o: particulate rraterials and the presence of
microbial activity will affect the stability of all of the cations in
this method. This instability generally results in increased
concentrations of magnesium, calcium, sodi~m, and potassium and
decreased amrr.onium concentrations.
Ion chromatographic measurements
should be made i;:nmediately after sample collection when possible.
Refrigeration of samples at 4°c wi:l retard but not prevent changes
in the concentration of these species (14.5).
8.3.1

Filtration of samples through a 0.45 micrometer merrbrane
leached with water (Sect. 7.2) is effective at stabilizing
magnesium, calcium, sodium, anc potassium concentra~ions that
are influenced by the dissolution of alkaline particulate
matter (14.5). Monitoring of the filtration proced~re is
necessary to ensure that samples are not contaminated by the
membrane or filtration apparatus.
Filtered samples are stable
for a period of six weeks.
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8.3.2

9.

Filtration followed by refrigeration at 4°c is the
recorrimended preservation technique for ammonium ion.
Holding times should not exceed seven days.

CALIBRATION AND STANDARDIZATION
9.1

Assemble the ion chromatograph according to the manufacturer's
instructions. Recommended operating conditions for the apparatus are
listed in Table 1.
Included in Table 2 are retention times
characteristic of this method. Other columns, chromatographic
conditions, or detectors may be used provided the requirements in
Sect. 6 are met.

9.2

Bring all standards, samples, eluents, and regenerants to ambient
temperature before beginning any analyses. Maintain laboratory
temperature conditions withi~ ~3°c while conducting analyses.

9.3

Use the eluent strength in Sect. 7.3 for wet deposition analyses.
If
peak resolution is not adequate, it may be necessary to decrease the
eluent strength. Refer to the manufacturer's recommendations for
guidelines on optimizing eluent strength.

9.4

Adjust the instrument flow rate for optimal peak resolution.
Decreasing the flow rate may provide greater peak resolution but
will lengthen retention times.
Increasing the flow rate decreases
peak resolution and shortens retention times.
Refer to the
manufacturer's recommendations for guidelines on optimizing flow
rate.

9.5

Equilibrate the system by pumping eluent through all the columns and
the detector until a stable baseline is obtained.

9.6

CALIBRATION SOLUTIONS
9.6.l

Five calibration solutions and one zero standard are needed to
generate a suitable calibration curve. The lowest calibration
solution should contain the analyte(s) of interest at a
concentration greater than or equal to the method detection
limit. The highest solution should approach the expected
upper limit of concentration of the analyte in wet deposition.
Prepare the remaining solutions such that they are evenly
distributed throughout the concentration range.
If a second
detector sensitivity scale setting is used to increase the
instrument's concentration range, calibrate at the two
sensitivity levels. Suggested calibration standards for each
analyte are listed in Table 2.

9.6.2

Prepare all calibration standards by diluting the stock
standards (Sect. 7.6). Use glass (Class A) or plastic
pipettes that are within the bias and precision tolerances
specified by the manufacturer. The calibration standards are
stable for one week when stored at 4°c in high density
polyethylene containers.
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9.6.3

9.7

10.

Sodium, ammonium, potassium, magnesium, and calcium can be
combined into a single solution at each of the five standard
concentration levels.

CALIBRATION CURVE
9.7.1

Flush the sampling system with the calibration standard using
at least ten times the injection loop volume.
Inject the
standard and record the peak height or area response.
Repeat
this procedure for the remaining standards. Construct
calibration curves for each of the five analytes according to
Sect. 12.

9.7.2

Record the retention times for each analyte. Measure
retention time from an initial starting point on the
chromatogram.

9.7.3

Verify the calibration curve after every ten samples and at
the end of each day's analyses according to Sect. 10.5.

9.7.4

Whenever a new eluent or regenerant solution is made,
reestablish the calibration curve.

QUALITY CONTROL
10.l

Each laboratory using this method should develop formalized quality
control protocols to continually monitor the bias and precision of
all measurements.
These protocols are required to ensure that the
measurement system is in a state of statistical control. Estimates
of bias and precision for wet deposition analyses cannot be made
unless these control procedures are followed.
Detailed guidelines
for the development of quality assurance and quality control
protocols for wet deposition measurement systems are published in a
manual available from the United States Environmental Protection
Agency, Research Triangle Park, NC 27711 (14.6). Included in this
manual are procedures for the development of statistical control
cha~ts for use in monitoring bias and precision as well as
recommendations for the introduction of reagent blanks, laboratory
duplicates, field duplicates, spike samples, and performance
evaluation samples. These guidelines are to be used by all
laboratories involved with wet deposition measurements.

10.2

ESTABLISHMENT OF WARNING AND CONTROL LIMITS -- Warning and control
limits are used to monitor drift in the calibration curve, analyses
of quality control check samples (QCS), and measured recoveries
from laboratory spikes.
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10.2.1

Calibration Curve -- After a calibration curve has been
constructed according to Sect. 12, reanalyze additional
aliquots of the low and high concentration standards.
Calculate the concentrations using the previously derived
calibration curve.
Repeat this procedure until at least
ten determinations at each concentration level have been
made.
These data should be collected on ten different days
to provide a realistic estimate of the method variability.
Calculate a standard deviation (s) at each concentration
level.
Use the nominal standard concentration as the mean
value (x) for determining the control limits. A warning
limit of x + 2s and a control limit of x + 3s should be
used.
Reestablish these limits whenever instrumental
operating conditions change.

10.2.2

Quality Control Check Samples (QCS) -- Calculate warning
and control limits for QCS solutions from a minimum of ten
analyses performed on ten days. Use the calculated
standard deviation (s) at each QCS concentration level to
develop the limits as described in Sect. 10.2.1. Use the
certified or NBS traceable concentration as the mean
(target) value. Constant positive or negative measurements
with respect to the true value are indicative of a method
or procedural bias.
Utilize the data obtained from QCS
measurements as in Sect. 10.4 to determine when the
measurement system is out of statistical control. The
standard deviations used to generate the QCS control limits
should be comparable to the single operator precision
reported in Table 4.
Reestablish new warning and control
limits whenever instrumental operating conditions are
varied or QCS concentrations are changed.

10.2.3

Laboratory Spike Solutions -- A minimum of ten analyte
spikes of wet deposition samples is required to develop a
preliminary data base for the calculation of warning and
control limits for spike recovery data.
Select the spike
concentration such that the working range of the method
will not be exceeded. Samples selected for the initial
spike recovery study should represent the concentration
range common to wet deposition samples in order to reliably
estimate the method accuracy. Calculate a mean and
standard deviation of the percent recovery data using the
formulas provided in the glossary.
Determine warning and
control limits using _::2s and _::3s, respectively.
If
the data indicate that no significant method bias exists
(14.7), the 100 percent recovery is used as the mean
percent recovery. Where a significant bias is determined
at the 95% confidence level, the control limits are
centered around the bias estimate.
Routine spiked sample
analyses that yield percent recovery data outside of the
control limits are an indication of matrix interferences
that should be resolved before routir.e analyses are
continued.
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10.2.4

All warning and control limits should be reevaluated on a
continual basis as additional data are collected during
routine analyses. The limits should be broadened or
narrowed if a recalculated standard deviation under similar
operating conditions provides a different estimate of the
procedure variability.

10.3

Monitor the cleaning procedure by pouring a volume of water (Sect.
7.2) that approximates the median sample size into the collection
vessel. Allow the water to remain in the sealed or capped
collection container for at least 24 hours and determine the
concentrations of the cations of interest.
If the solution
concentrations exceed the MDL, a contamination problem is indicated
in the cleaning procedure.
Take corrective action before the
sampling containers are used for the collection of wet deposition.

10.4

Analyze a quality control check sample after the ion chromatograph
has been calibrated. This sample may be formulated in the
laboratory, or obtained from the National Bureau of Standards (NBS
Standard Reference Material 2694, Simulated Rainwater). Verify the
accuracy of internally formulated QCS solutions with an NBS
traceable standard before acceptance as a quality control check.
The check sarnple(s} selected must be within the range of the
calibration standards.
If the measured value for the QCS falls
outside of the ~3s limits (Sect. 10.2.2), or if two successive
QCS checks are outside of the ~2s limits, a problem is indicated
with the ion chromatograph or calibration curve. Corrective action
should be initiated to bring the results of the QCS within the
established control limits.
Plot the data obtained from the QCS
checks on a control chart for routine assessments of bias and
precision.

10.5

Verify the calibration curve after a maximum of ten samples and at
the end of each day's analyses.
Analyze calibration standards at
the low and high ends of the working range.
If the routine
calibration checks do not meet the criteria described in Sect.
10.4, recalibrate the system and reanalyze all samples from the
last time the system was in control. Verify the new calibration
curve with the QCS according to Sect. 10.4 and reanalyze all
samples measured since the last time t~e system was in control.

10.6

Submit a Field Blank (FB) to the laboratory for every 20 samples.
The FB may consist of a water sample (Sect. 7.2) or a known
reference solution that approximates the concentration levels
characteristic of wet deposition. The FB is poured into the
sampling vessel at the field site and undergoes identical
processing and analytical protocols as the wet deposition
sample(s). Use the analytical data obtained from the FB to
determine any biases introduced in the field and laboratory
handling procedures.
the data from the known reference solution
can be used to calculate a system precision and bias.
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11.

10.7

Prepare and analyze a laboratory spike of a wet deposition sample
according to the guidelines provided in "Quality Assurance Manual
for Precipitation Measurement Systems" (14.6). Compare the results
obtained from spiked samples to those obtained from identical
samples to which no spikes were added. Use these data to monitor
the method percent recovery as described in Sect. 10.2.3.

10.8

Participation in performance evaluation studies is recommended for
wet deposition chemistry laboratories. The samples used for these
performance audits should contain the analytes of interest at
concentrations within the normal working range of the method. The
true values are unknown to the analyst. Performance evaluation
studies for wet deposition chemistry laboratories are conducted
semiannually by the USEPA Performance Evaluation Branch, Quality
Assurance Division, Research Triangle Park, NC 27711.

PROCEDURE
11.1

Check the instrumental operating parameters each day according to
Sect. 9 and Table 1.

11.2

Prepare all standards and construct calibration curves according to
Sect. 9.6 and 9.7.

11.3

After the calibration curve is established, analyze the QCS.
If
the measured value for the QCS is not within the specified limits
(Sect. 10.2.2), refer to Sect. 10.4.

11.4

SAMPLE INJECTION
11.4.1

Use the same size injection loop for both standards and
samples. Samples may be injected manually with a syringe
or with an autosampler.

11.4.2

Flush the sampling system thoroughly with each new sample
using a rinse volume of at least ten times the loop size.
Inject the sample, avoiding the introduction of air bubbles
into the system.

11.4.3

Record the resulting peak heights or areas.

11.5

If the peak height or area response exceeds the working range of
the system, dilute the sample with zero standard and reanalyze.

11.6

Sample chromatograms are provided in Figures 2 and 3.
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12.

CALCULATIONS
12.1

For each analyte of interest, calculate a linear least squares fit
of the standard concentrations as a function of the measured peak
height or area.
The linear least squares equation is expressed as
follows:

where:

y
x

standard concentratio!"l i!"l mg/L
peak height or area measured
y
y-intercept calculated from:
slope calculated from:

BO
Bl

n

l

-

B x
1

n
(x.

i=l

-

- y)/

x) (y.

l

(x.

i=l

l

where:

l

x
y
n

=

- -)
x 2

l

mean of peak height or area measured
mean of standard concentrations
number of samples

The correlation coefficient should be 0.9990 or greater.
Determine
the concentration of analyte of interest from the calibration
curve.
12.2

If the relationship between standard concentration and measured peak
height or area is nonlinear, use a second degree polynomial least
squares equation to derive a curve with a correlation >0.9990.
The second degree polynomial equation is expressed as follows:
v =

A computer is necessary for the derivation of this function.
Determine the concentration of analyte of interest from the
calibration curve.

13.

12.3

An integration system may also be used to provide a direct readout
of the concentra:icn of the analyte of interest.

12.4

Report data in mg/L as Na , ~H , K , Mg
, and Ca
4
Do not report da:a lower than the lowest calihration standard.

+

+

+

+2

+2

PRECISION ANO BIAS
13.1

The mean percent recovery and mean bias of this method were
determined from the analysis of spiked wet deposition samples
according to ASTM Standard Practice 04210, Annex A4 (14.7).
The
results are summarized in Table 3.
No statistically significan:
biases were found for any of the five inorganic cations.
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13.2

14.

Single-operator precision ar.d bias were obtained from the analysis
of quality control check samples that approximated the levels
common to wet deposition samples. These results reflect the
accuracy that can be expected when the method is used by a
competent operator. These data are presented i~ Table 4.
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14.6
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Table 1.

Method Detection Limits and Concentration Ranges
for Chemically Suppressed Ion Chromatographic
Determination of Cations in Wet Deposition.

Analyte

Sodium
+
Ammonium (as NH )
4
Potassium
Magnesium
Calcium

Method Detection
. . a
Limit,
mg/L

0.03
0.03
0.01
0.02
0.02

a. Chromatographic Conditions:
Guard Column -- Dionex CGl
Separator Columr. -- Dionex CSl
Fiber Suppressor Column -- Dionex CFS
Detector - As specified in 6.1.5
Eluent - As specified in 7.3
Sample Loop - 100 uL
Flow Rate - 2.3 mL/min
Detector Sensitivity - 10 uS/cm
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Concentration
Range,
mg/L

0.03
0.03
0.01
0.02
0.02

-

-

-

1. 00
2.00
1. 00
1.00
3.00

Table 2.

Analyte

Retention Times and Suggested Calibration
Standard Concentrations for the Determination
of Cations in Wet Deposition.a

Approximate Retegtion
Time Range,
sec

Calibration
Standards,
mg/L

-----------------------------------------------------------------

Sodium

276 - 336

zero
0.03
0.25
0.50
0.75
1.00

Ammoniu!l)
(as NH )
4

432 - 512

zero
0.03
0.25
0.50
0.75
1.00

Potassium

528 - 636

zero
0.01
0.05
0.10
0.20
0.25

Magnesium

144 - 204

zero
0.02
0.10

0.15
0.20
0.30
Calcium

252 - 324

zero
0.02
0.40
0.75
1.10

1. 50

a.

b.

Based on the MDL and 95th percentile concentrations of each
analyte obtained from analyses of over five thousand wet deposition
samples from the NADP/NTN precipitation network.
The retention time was measured from the time of injection.
For
chromatographic conditions, refer to Table 1.
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Table 3.

Single-Operator Precision and Bias for
Sodium, Ammonium, Potassium, Magnesium,
and Calcium Determined from Analyte
Spikes of Wet Deposition Samples.a

Mean
Bias,
mg/L

Standard
Deviation,
mg/L

95.3
94.4

-0.001
-0.015

0.010
0. 010

No
No

10
9

113. 8
107.5

0.026
0.035

0.030
0.025

No
No

0.014
0.034

8
8

157.1
132. 4

0.008
0.011

0.009
0.016

No
No

Magnesium

0.018
0.044

9
9

89.5
92.3

-0.002
-0.003

0.004
0.002

No
No

Calcium

0.079
0.199

10
10

93.9
97.1

-0.005
-0.008

0.008
0.014

No
No

Amount
Added,
mg/L

n

Sodium

0.108
0.273

10
9

Ammonium

0.188
0.473

Potassium

. Analyte

a.
b.
c.

b

Mean
Percent
Recovery

Concentrations are significant to two decimal places.
conditions, refer to Table 1.
Number of replicates
95% Confidence Level
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Statistically
Significant
Bias?c

For chromatographic

Table 4.

Single-Operator Precision and Bias for
Sodium, Ammonium, Potassium, Magnesium,
and Calcium Determined from Quality
a
Control Check Samples.

Theoretical
Concentration,
mg/L

Measured
Concentration,
mg/L

n

Sodium

0.082
0.465

0.090
0.454

7
7

0.008
-0. 011

9.8
-2.4

0.009
0.019

10.0
4.2

Ammonium

0.063
0.400

0.067
0.400

7

7

0.004
0.000

6.4
0.0

0.011
0.032

16.4
8.0

0.021
0.098

0.024
0.098

7

0.003
0.000

14.3
0.0

0.004
0.005

16.7
5.1

Magnesium

0.018
0.084

0.026
0.085

7
7

0.008
0.001

44.4
1. 2

0.008
0.018

30.8
21. 2

Calcium

0.053
0.406

0.058
0.405

7
7

0.005
-0.001

9.4
-0.2

0.006
0.045

10.3
11. l

Analyte

b

Bias,
mg/L

%

Precision,
s,
RSD,
mg/L
%

------------------------------------------------------------------------------

Potassium

a.
b.

7

Concentrations are significant to two decimal places.
conditions, refer to Table 1.
Number of replicates.
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For chromatographic

Figure 1.

Percentile Concentration Values Obtained
from Wet Deposition Samples: Sodium,
Ammonium, Potassium, Magnesium, and Calcium •
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2.:0

J.00

Figure 2.

Chromatogram of a Calibration Standard
Containing Sodium, Ammonium, and Potassium.
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Chromatographic Conditions:
Guard Column -- Dionex CGl
Separator Column -- Dionex CSl
Fiber Suppressor Column -- Dionex CFS
Detector -- As specified in 6.1.5
Eluent -- As specified in 7.3
Sample Loop -- 100 ~L
Flow Rate -- 2.3 ml/min
Detector Sensitivity -- 10 ~S/cm
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Figure 3.

Chromatogram of a Calibration Standard
Containing Magnesium and Calcium.
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RETENTION TIME, minutes

Chromatographic Conditions:
Guard Column -- Dionex CGl
Separator Column -- Dionex CSl
Fiber Suppressor Column -- Dionex CFS
Detector -- As specified in 6.1.5
Eluent -- As specified in 7.3
Sample Loop -- 100 uL
Flow Rate -- 2.3 ml/min
Detector Sensitivity -- 10 uS/cm
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1.

2.

SCOPE AND APPLICATION
1.1

This method is applicable to the titrimetric determination of strong
and total acidity by electrometric measurement using either a pH half
cell with a reference probe or a combination electrode as the sensor.
The concentration of weak acids present is determined from the
difference between the measured total and strong acidities. These
guidelines outline the procedure by which titration to an end point
pH is to be made on wet deposition samples.

1.2

The term "wet deposition" is used in this method to designate rain,
snow, dew, sleet, and hail.

1.3

The method det@ction limit (MDL) determined from replicate analyses
of a 5.0 x 10-J N nitric acid solution is 5 ueq/L.

SUMMARY OF METHOD
2.1

The pH meter and the associated electrode(s) are calibrated against
two reference buffer solutions that bracket the anticipated sample
pH.
Small increments of a sodium hydroxide solution are added to an
unfiltered wet deposition sample. The course of the titration is
followed by measuring the pH and the amount of titrant added as the
titration prog~esses to a pH of 10.3. The strong acid equivalence
point lies at the inflection point of the curve, i.e., at the point
of maximum slope. The presence of dissociated weak acids in the
sample will make the accurate determination of this equivalence point
difficult. To reduce the potential for error when graphically
determining the equivalence point, a method developed by Gran (14.1)
is used. A plot of Gran's function versus volume of titrant added to
the sample is constructed, from which strong, weak, and total
acidities are derived.

DEFINITIONS
3.1

pH -- the nega~ive logarithm to the base ten of the conventional
hydrogen ion activity (14.2):
pH

=

+
-log[H ]

3.2

ACIDITY -- the quantitative capacity of aqueous media to react with
hydroxyl ions.

3.3

TITRATION -- a method for determining the concentration of a
dissolved subs~ance in terms of the amount of a reagent of known
concentration required to quantitatively react with a measured
volume of the test solution.
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4.

3.4

EQUIVALENCE POINT -- the point in the process of a titration at
which the titrated species and titrant are present.in equivalent
amounts.

3.5

For definitions of other terms used in this method, refer to the
glossary.
For an explanation of the metric system including units,
symbols, and conversion factors see American Society for Testing and
Materials (ASTM) Standard E 380, "Metric Practices'' (14.3).

INTERFERENCES
4.1

The pH meter and the associated electrode(s) reliably measure pH in
nearly all aqueous solutions and in general are not subject to
solution interference from color, turbidity, oxidants, or reductants.

4.2

The true pH of an aqueous solution is affected by the temperature.
The electromotive force between the glass and the reference electrode
is a function of temperature as well as pH. Temperature effects
caused by a change in electrode output can be compensated for
automatically or manually depending on the pH meter selected.

4.3

Organic humic materials present in wet deposition samples degrade the
glass electrode performance by coating the sensing bulb. Difficulty
encountered when standardizing the electrode(s), erratic readings, or
slow response times may be an indication of contamination of the
glass bulb.
To remove these coatings, refer to the manual
accompanying the probe for the manufacturer's recommendations.

4.4

As discussed in Sect. 4.5 of Method 150.6 of this manual, measuring
pH in solutions while stirring can result in errors due to residual
streaming potentials. These errors are minimized by maintaining a
constant stirring rate during both meter calibration and sample
titration.
The effect of streaming potentials is less important
during titrimetric procedures since the relative, and not the
absolute, change in pH values with added titrant is used to calculate
acidity. Stirring the sample throughout the titration ensures
complete mixing of titrant and sample and reduces the time necessary
to complete the procedure.
Note: When magnetic stirring is used, avoid sample contamination
when inserting the stirring bar. Maintain an air space between the
surface of the stirring motor and the sample container to prevent
heating the sample.

4.5

Dissolved gases af:ecting sample acidity, such as carbon dioxide or
ammonia, may be gained or lost during sampling, storage, or
titration. Minimize these effects by titrating to the end point
promptly after opening the sample container.
Purge the sample of
co 2 with a nitrogen stream and maintain a nitrogen atmosphere
within the vessel throughout the titration.
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4.6

5.

6.

The important ~ssumption in Gran's method is that only strong acids
contribute to the free acidity of a solution. The presence of weak
acids (formic acid, acetic acid, and the ammonium ion) and
hydrolyzable m~tal salts (Al(H o) l can lead to an overestimate
2 6
of both the strong and the total acidity when using this technique.
In the absence of complete chemical characterization of the wet
deposition sam?le to correct for this overestimation, the usefulness
of the data obtained by this method becomes limited (14.4).

SAFETY
5.1

The reference buffer solutions, sample types, and most reagents
used in this method pose no hazard to the analyst.
Use a fume hood,
protective clothing, and safety glasses when handling concentrated
nitric acid (Sect. 7.6) and sodium hydroxide (Sect. 7.8).

5.2

Follow American Chemical Society guidelines regarding the safe
handling of chemicals used in this method (14.5).

APPARATUS AND EQUIPMENT
6.1

LABORATORY pH METER -- The meter may have either an analog or
digital display but must have a 0.01 pH unit sensitivity. A meter
that has separate calibration and slope adjustment features and is
electrically shielded to avoid interferences from stray currents or
static charge is necessary.
It may be powered by battery or 110 VAC;
if battery powered, the meter must have a battery check feature.
A
temperature compensator control to allow accurate measurements at
temperatures o~her than 25°c is desirable.

6.2

SENSING ELECTRODE -- Select a sensing electrode constructed of
general purpose glass. This electrode type generates lower
resistance, faster response, and has a reliable range of 0-14 pH
units.
Refer to the manual accompanying the probe for the
manufacturer's recommendations on electrode storage.

6.3

REFERENCE ELECTRODE -- Select a reference probe compatible with the
sensing electrode used.
Refer to the manual accompanying the probe
for the manufacturer's recommendations on electrode storage.

6.4

COMBINATION ELECTRODE -- The combination electrode combines the
indicating and reference elements in a single unit.
Since sample
volume requirements are a consideration when analyzing wet deposition
samples, combination electrodes are more convenient than separate
glass and refe~ence electrodes. Refer to the manual accompanying
the probe for the manufacturer's recommendations on electrode
storage.

6.5

TEMPERATURE CONTROL -- To ensure accurate results, use either a
constant tempe~ature water bath, a temperature compensator, or a
thermometer to verify that all standards and samples are maintained
at temperatures within +1°c of one another.
If a thermometer is
0
used, select one capable of being read to the nearest 1 C and
.
covering
t h e range 00 to 40 0 c.
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7.

6.6

MICROBURET -- For the addition of titrar.t, select a microburet or
an autoburet assembly. Alternatively, a micropipette capable of
reproducibly delivering 5 uL of solution may be used.

6.7

STIRRING DEVICE -- electric or water-driven.
If an electric stirrer
is selected, leave an air gap or place an insulating pad between the
stirrer surface and the solution container to minimize heating of the
sample.
Use a TFE-fluorocarbon-coated stirring bar.

6.8

TITRATION VESSEL -- Use a borosilicate glass or polyolefin vessel
with a 75-mL capacity. Equip the vessel with a lid having openings
to accommodate the pH electrode(s), a nitrogen purge line, buret, and
exhaust (to prevent pressure build-up as N is pumped into the
2
chamber). A suitable titration vessel is illustrated in Figure 1.

6.9

LABORATORY FACILITIES -- Laboratories used for the analysis of
wet deposition samples should be free from external sources cf
contaminatior.. The use of laminar flow clean air workstations is
recommended for sample processing and preparation to avoid the
introduction of airborne cor.taminants.
Samples should always be
capped or covered prior to analysis. A positive pressure
environment within the laboratory is also reconmended to minimize
the introduction of external sources of contaminant gases and
particulates.
Windows within the laboratory should be kept closed
at all times and sealed if air leaks are apparent.
The use of
disposable tacky :loor mats at the entrance to the laboratory is
helpful in reducing the particu~ate loading within the room.

REAGENTS

A~D

CO~SUMABLE

MATERIALS

7.1

P~RITY OF REAGENTS -- Use reaqent grade chemicals for all solutions.
All reagents shall conform to the specifications of the Committee on
Analytical Reagents of the American Che~ical Society (ACS) where such
specif icatior.s are available.

7.2

PURITY OF WATER -- Use carbon Gioxide-free water prepared by boiling
ASTM Type II water (14.6) in a conical flask for 20 minutes. Stopper
the flask wit~ a 1-hole rubber stopper fitted to a soca lime-ascarite
drying tube and a:low t~e water to cool. Poir.t of use 0.2 micrometer
fi:ters are reco:nrnended for all faucets supplving water to prevent
the introduction of bacteria and/or ion exchange resins into
reagents, standard solutions, and internally formulated quality
control check solutions.

7.3

NITROGEN, GAS -- Use pre-purified r.itroger. gas (N , 99.995%)
2
to purge the sa~ple of carbon dioxide and maintain a N atmosphere
2
above the sample during titration.

7.4

Dissolve 4.00 g of
POTASSIUM HYDROGEN PHTHALATE SOLUTION (0.02 N)
potassium hydrogen phthalate (KHC H o ), dried at l05°c for
8 4 4
one hour, in water (Sect. 7.2) ar.a dilute to 1 L.
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7.5

QUALITY CONTROL CHECK SAMPLES (QCS) -- Prepare the following
solutions and analyze according to Sect. ll.J-11.4· to verify the
titration procedure.
7.5.1

7.5.2

7.6

5
Strong Acid -- Nitric Acid (5.0 x 10- N) -- Dilute 1.0 mL
of concentrated nitric acid (HN0 , sp gr 1.42) to 1 L with
3
water (Sect. 7.2). Dilute 3.2 mL of this stock sol~tion to
1 L with water (Sect. 7.2). The resulting solution has a pH
of 4.30 + 0.10 and a total acidity of 50.1 ~ 10.0 ueq/L at
25°c.
Store at rooM temperature in a high density
polyethylene or polypropylene container.
Mixed Str~gg/Weak Acid -: Nitric Acid : Acetic Acid
5
(2.5 x 10
N : 2.5 x 10
N) -- Dilute 1.0 mL of
concentrated nitric acid to 1 L with water (Sect. 7.2).
Dilute 1.0 mL of concentrated acetic acid (HC H o ,
2
2
sp gr :.. 05) to 1 L with water (Sect. 7.2). co;Jine 1.60 mL
of HNO:i solution with 1.45 ~L of HC H o solution
2 3 2
and dilute to 1 L with water (Sect. 7.2). The resulting
solution has a pH of 4.60 + 0.10 and a total acidity of
0
50.6 + 5.0 ueq/L at 25 C.
Store at room temperature in
a high density polyethylene or polypropylene container.

REFERENCE BUFFER SOLUTIONS -- Table l identifies each buffer salt by
its National Bureau of Standard (NBS) number and provides a
recommended drying procedure prior to use.
Store the reference
buffer solutions in polyethylene or chemical-resistant glass bottles
and replace yearly or sooner if a visible change such as the
development of colloidal or particulate materials is observed.
7.6.1

Phthalate Reference Buffer Solution (0.02 N HCl, 0.05 N
KHC H o J -- Add 83.0 ML of concentrated hydrochloric
8 4 4
acia (HCl, sp gr 1.19) to water (Sect. 7.2) and dilute to 1 L.
Dissolve 10.20 g of potassium hydrogen phthalate
(KHC H o ) in 22. 3 nL of the hydrochlori:: acid solution
8 4 4
and dilute to 1 L wit'.1 wac:er (Sect. 7.2). This solution has a
pH of :l.00 at 25°c.

7.6.2 Phthalate Reference Buffer Solution (0.05 N KHC H o l
8 4 4
Dissolve 10.12 g of potassium hydrogen phthalate
( !<H C H 0 ) in w a t e r ( Se c t .
2 ) an d d i 1 u t e t o l L . Th is
8 4 4
solution has a pH of 4.00 at 25 C.

6.

7.6.3

Phosphate Reference Buffer Solution (0.005 N NaOH, 0.05 N
KH Po : -- Dissolve 4.00 g of sodi~m hydroxide (NaOH) in
2 4
water fSect. 7.2) and diluc:e to 1 L.
Dissolve 6.80 g of
potass~um dihydrogen phosphate (KH Po J in 56.0 mL of the
2 4
hydrox1de solution and dilute to l L with water (Sect. 7.2).
This solution has a pH of 6.00 at 25°c.
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7.7

8.

7.6.4

Phosphate Reference Buffer Solution (0.03 N NaOH, 0.05 N
KH PO ) -- Dissolve 40.0 g of sodium hydroxide (NaOH) in
4
wafer (Sect. 7.2) and dilute to 1 L. Dissolve 6.80 g of
potassium dihydrogen phosphate (KH Po ) in 29.1 mL of the
2 4
hydroxide solution and dilute to l L with water (Sect. 7.2).
This solution has a pH of 7.00 at 25°c.

7.6.5

Commercial Buffer Solutions -- Com.~ercially available buffer
solutions traceable to NBS buffers are adequate for
standardization. These bu:fer solutions have pH values near
3, 4, 6, or 7. The exact pH and use temperature are provided
by the supplier of the specific buffer.

SODIUM HYDROXIDE SOLUTION, TITRANT (0.02 N) -- Use commercially
available 0.02 N sodium hydroxide solution or prepare from ACS
reagent grade T.aterials.
Dissolve 1.0 g of sodium hydroxide (NaOH)
in 10 IT.L of water (Sect. 7.2), cool, and filter through hardened
filter paper.
Dilute the filtrate to 1 L with water (Sect. 7.2).
Standardize with potassium hydrogen phthalate (Sect. 7.5) according
to Sect. 9.2.
Calcula~e the normality using the equation in Sect.
12.2. Refrigerate the solution at 4°c in a high density
polyethylene or polypropylene container.

SAMPLE COLLECTION,

PRESERVATIO~,

AND STORAGE

8.1

Collect samples in high density polyethylene (HOPE) containers that
have been thoroughly rinsed with ASTM Type II water (7.2).
Do not
use strong mir.eral acids or alkaline detergent solutions for cleaning
collection vessels.
Residual acids may remain in the polyethylene
matrix and slowly leach back into the saIT.ple.
Alkaline detergents
may also leave residues that may affect the sample cheMistry. Cap
collection bottles after cleaning to prevent contamination from
airborne contaminants; air dry collection buckets in a laminar flow
clean air workstation and wrap in polyethylene bags prior to use. If
a la~inar flow workstation is not available, pour out any residual
rinse water and bag the buckets imnediately.
Do not dry the bucket
ir.terior by any method other than air drying in a laminar flow clean
air workstation.

8.2

~he

frequency of sample collec~icn and the choice of sampler design
are dependent on the monitor1ng objectives.
In general, the use cf
wet-only sa~plers is recommended to exclude dry deposition
contributions, minimize saIT.ple contamination, retard evaporation,
and enhance sample staoility.
Sample collection frequency may vary
from sequential sampling w1th1n a wet deposition event to total event
samples.
In addition to the replacement of sampling containers at
the cessation of each wet deposition event, a routine weekly
container char.ge is recommended. This replacement protocol ensures
sample integrity which may be co~promised by long term container
exposure.
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8.3

9.

The dissolution of particulate materials and the presence of
microbial activity will affect the·stability of both the strong and
the weak acid compor.ents of wet deposition samples (14.7, 14.8).
This instability generally results in a decrease in measured
acidity.
Titrations should be made immediately after sample
collection and thermal equilibration with calibration buffers.
Refrigeration of samples at 4°c will minimize but not prevent a
decrease in the hydrogen ion content.

8.3.1

Filtration of samples through a deionized water leached
0. 45 mi 1:rometer membrane is effective at stabilizing the
acidic componer.ts of the wet deposition sample that are
influen~ed by the dissolution of alkaline particulate matter
(14.7).
Monitoring of the filtration procedure is necessary
to ensure that sample acidi~ies are not affected by the
~embrane or filtration apparatus.

8.3.2

A biocide such as chloroform (CHC1 J may be used to
3
stabilize the organic acid component of the sample and to
prevent changes in acid conten~ due to biological actions on
other sample constituents (14.8). Add the chloroform (0.5 ML
per 250 mL sanple) to a separate sample aliquot that will be
used only for the determir.ation of strong and total acid
components.

CALIBRATION AND STANDARDIZATION
9.1

Turn on the MEter and allow it to warm up according to manufacturer's
inst:::-t.:ct ions.

9.2

If necessary, add filiing solution to the electrode before usir.g.
Maintain the filling solution level at least one inch above the level
of the sample surface to ensure proper electrolyte flow rate.

9.3

Determine the temperature of the wet deposition sample. Allow
samgle, buffers, and QCS solutions to reach room temperature
(!l C) before using for calibration or titration.

9.4

Selec~ two reference buffer solutions that bracket the anticipated
pH of the wet deposition sample.
The difference between the nominal
pH of each buffer solution should not exceed three units.
A pH
7.00 and a pH 4.00 buffer are most frequently used for wet deposition
studies.

9. 5

CALIBRATION F.JNCTION
9.5.1

Rinse the electrode(s) with three changes of water (Sect. 7.2)
or with a flowing stream from a wash bottle.
Dispense
20-40 mL of the buffer with the higher pH into the titration
vessel (Fig. 1).
Insert the stirring bar and continue
stirring throughout the calibration procedure at a rate of
4 revolutions per second (rps). Maintain a nitrogen
atmosphere within the titration chamber during measurement as
in Sect. 11.4.1.
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9.6

9.7

9.5.2

Insert the electrode(s) into the buffer an.d allow tir.ie for the
reading to remain stable wit~in +0.01 pH units over a
30 second period.

9.5.3

Adjust the calibration functior. until the reading corresponds
to the temperature corrected value of the reference buffer
solution.

SLOPE FUNCTION
9.6.1

Rinse t~e electrode(s) with three changes of water (Sect. 7.2)
or with a flowing stream from a wash bottle. Dispense
20-40 mL of the second reference buffer solution into the
titration vessel.
Insert the stirring bar ar.d continue
stirring throughout the calibration procedure. Maintain a
nitrogen atmosphere within t~e titration chamber during
measurement as in Sect. 11.4.1.

9.6.2

Insert the electrode(s) into the buffer and allow the system
to equilibrate as directed in Sect. 9.5.2.

9.6.3

Adjust the slope function until the reading corresponds to
the te~perature corrected value of the second reference buffer
solution.

CALIBRATION CHECK
9.7.1

9.8

10.

Renove the electrode(s), rinse thoroughly, and place into the
first reference buffer solution following the procedure in
Sect. 9.5.
If :he pH does not read within ~0.01 units of
the temperature corrected value, re9eat the calibration
procedure until the buffers agree.

To standardize t~e NaOH titrant prepared in Sect. 7.8, fill a 25-mL
buret with 0.02 N KHC H o (Sect. 7.5).
Pipette 20 mL of
8 4 4
0.02 N NaOH into a bea~er and immerse a calibrated pH electrode ir.to
the solution.
Add KHC H o solu:ion to the dilute NaOH in
8 4 4
small increments until the pH of t~e solution reads 8.70. Calculate
the normality of the ~aOH using the equatior. provided in Sect. 12.2.

QUALITY CONTROL
10.1

Each laboratory using this method should develop formalized quality
control protocols to continually monitor the bias and precision of
all neasurements.
T~ese protocols are required to ensure that the
measurement system 1s in a state cf statistical control.
Estimates
of bias and precision for wet deposition analyses cannot be made
unless these control procedures are followed.
Detailed guidelines
for tr.e development cf quality assurance and quality control
protocols for wet deposition measurement systems are publis~ed in a
manual available :rem the United States Environmental Protection
Agency, Researc~ Triangle Park, NC 27711 (14.9).
Included in this
r.ianual are procedures for t~e development of statistical control
charts for use in monitoring bias and ~recision as well as
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recommendations for the introduction of reagent blanks, laboratory
duplicates, field duplicates, spike samples, and performance
evaluation samples.
These guidelines are to be used by all
laboratories involved with wet deposition measurements.
10.2

OF WARNING AND CONTROL LIMITS -- Warning and control
limits are used to monitor the analyses of quality control check
samples (QCS).

ESTABLISH~ENT

10.2.1

Quality Control Check Samples (QCS) -- Calculate warning
and control li~its for QCS solutions from a minimum of ten
analyses performed on ten days to provide a realistic
estimate of the method variability. Calculate a standard
deviatio~ (s) for the measured acidity of each QCS
titrated.
Use the certified or NBS traceable acidity as
the mear. (target) value (x). A warning limit of x ! 2s
and a control limit of x + 3s should be used. Constant
positive or r.egative neasurements with respect to the true
value are indicative of a method or procedural bias.
If
the measured acidity found by titration of the QCS solution
falls outside of the !3s limits, recalibrate the system
and reanalyze all samples from the last time the system was
in control.
If two successive QCS acidity measurements are
outside of the !2s limits, verify the meter calibration
according to Sect. 10.5 before continuing with titrations.
The standard deviations used to generate the QCS control
limits should be comparable to the single operator
precision reported in Table 2.
Reestablish new warning and
control limits whenever instrumental operatir.g conditions
are varied or QCS concentrations are changed.

10.2.2

All warning and control limits should be reevaluated on a
continual basis as additional data are collected during
routine analyses.
The li~its should be broadened or
narrowed 1f a recalculated sta~dard deviation under similar
operating conditions provides a different estimate of the
procedure variability.

10.3

Monitor the cleaning procedure by pouring a volume of water (Sect.
7.2) that approximates the median sample size into the collection
vessel. Allow the water to remain in the sealed or capped
collec~ion container for at least 24 hours and determine the
solution pH.
If the measured pH is not within the range of
5.4-6.0, a contamination problem is indicated in the cleaning
procedure. Corrective action sho~ld be taken before the sampling
containers ~re used for the collection of wet deposition.

10.4

Elect~odes

used for the measurement of wet deposition samples
should not be used for othe~ sample types.
Strongly acidic or
basic solutio~s may cause electrode degradation and result in
biased measurements and/or slow response in wet deposition samples.
Similarly, samples characterized by high concentrations of organic
matter may leave a residue on the glass sensing bulb resulting in
siow electr0de response.
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ll),5

Verify the meter calibration after every ten sam~les and at the end
of each day's analyses using both reference buffer solutions. The
pH measured for the calibration buffers must agree within ~0.02
of the nominal value reported for each buffer.
If the measured pH
of either buffer falls outside of these limits, recalibrate the
electrode/meter assembly and reanalyze those samples measured since
the last time the system was in control.

10.6

Determine the pH and titrated acidity of a quality control check
sample (QCS) after the meter and electrode assembly have been
caliorated. This sample may be formulated in the laboratory or
obtained from the National Bureau o: Standards (NBS Standard
Reference Material 269~, Sim~lated Rainwater).
Verify the accuracy
of internally formulated QCS solutions with an NBS traceable
standard before acceptance as a quality control check. The check
sample selected must have a pH within the range of the calibration
buffers and should approximate the acidity range of the samples to
be analyzed.
The ~se of two QCS samples, one a dilute strong acid
solution and the other a dilute equimolar mixture of a strong and a
weak acid, is recommended.
If the measured acidity found by
titration of the QCS is r.ot within the specified limits of the
control solution, recheck the meter calibration and recalibrate if
necessary.
Titrate a second aliquot.
If acceptable results on the
second aliq~ot cannot be obtained, systematically replace titrant,
electrode, and then the meter.
Titrate a separate aliquot of QCS
after each change to determine if the problem was corrected. When
the system is in cor.tro~, titrate the QCS solutions as directed in
Sect. 11. Plot the data obtained from :he QCS checks on a control
chart for routine assessments of bias and precision.
10.6.1

10.7

Tte pH and titrated acidity of the QCS should be measured
at the start and completion of each batch of samples.
If
the QCS measurement is out o: the precietermined control
limits, check the calibration buffers ar.d recalibrate if
ar.y one of the buffer values has shifted by more than
0.02 pH units.
Recheck the QCS and reanalyze all samples
from the last time the measurement system was in control.

S~bmit a Field Blank (FB) to the laboratory for every 20 samples.
The FB may consist o: a water sa~ple (Sect. 7.2) or a known
reference solution that approximates the concentration levels
characteristic of wet deposit~on.
The FB is poured into the
sampling vesse~ at the field site and ~ndergoes ider.tical
processing and analytical protocols as the wet deposition
sample(s).
Use the analvtical data obtained from the FB to
determine ar.y contamination introduced in the field and laboratory
handling procedures. The data from t~e known reference solution
can be used to calculate a system precisior. and bias.
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10.8

11.

Participation in performance evaluation studies is recommended
for wet deposition chemistry laboratories.
The samples used for
these performance audits should contain the analytes of interest at
concentrations within the normal working range of the method.
The
true values are unknown to the analyst.
Performance evaluation
studies for wet deposition cheMistry laboratories are conducted
semiannually by the USEPA Perfornance Evaluation Branch, Quality
Assurance Division, Research Triangle Park, NC 27711.

PROCEDURE
11.1

Bring all buffers and solutions to ambient temperature making sure
any necessary compensation is made for deviations in temperature
(Sect. 6.5).

11.2

Caliorate the electrode assembly with two reference buffer
solutions as descrioed in Sect. 9.1-7.

11.3

After the electrode(s) and meter are calibrated, titrate the QCS
according to Sect. 11.4.
If the ?H and acidity measured for the
QCS is not within the specified limits (Sect. 10.2.1), refer to
Sect. 10.6.

11.4

SAMPLE ANALYSIS
11.4.1

Rinse the electrode(s) with three changes of water (Sect.
7.2) or with a flowing strea~ from a wash bottle.
Pipette
20-40 mL of sample into the titration vessel.
Record the
volume of sample used and begin stirring the sample.
Record
the pH after the meter has stabilized to within +0.01
units.
Sparge the sample with N for 10-15 minutes to
2
remove dissolved co . Raise the N line to rest above
2
4
t~e level of the s~~ution to maintain a nitrogen atmosphere
of ~5 psi (3.5 g/m ) within the titration chamber.

11.4.2

Record the pH of the sa~ple after sparging. The difference
in pH before and after sparging is a measure of the
volatile weak acidity present.
Carbon dioxide is the
pred8minant volatile weak acid found i~ wet deposition
samples.
The contribution of dissolved co to lowering
2
pH is generally negligible below pH 4.50. Add the 0.02 N
NaOH titrant to the sample in increments of 1-10 uL.
Determine the size of the increment of titrant added by the
change in pH that results :rom each addition. When the
change in pH is very small (<0.01), increase the volume of
titrant added to 10 uL.
Record both the volume of titrar.t
added and the pH once the neter has become stable.
Continue titrating the sample until a pH of approximately
10.4 is reached, recording pH and volume after each titrant
addition.
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11.4.3

11.5

12.

Stir the sample :hroughout the titratio~.
Rinse the
titration assembly and vessel between eact titration with
at least three char.ges of water (Sect. 7.2) or with a
flowing stream from a wash bottle for a minimum of 30
seconds.
a~alysis

To perform the Gran's
refer to Sect. 12.3.

on the results of

t~e

titration,

CALCULATIONS
12.1

Record pH measurements to the nearest· hundredth of a pH unit and
sample temperature to the nearest degree.

12.2

Calculate the normality (N) of the solutions standardized according
to Sect. 9.9 as follows:

4.0 x B

A x B

N

eq/L

EW x C
where:

204.2 x

c

amour.t of KHC H o in gra~s weighed into 1 L.
8 4 4
volume of KHC H o used in titration in mL.
8 4 4
EW =equivalent weight of KHC H o (204.2).
8 4 4
c
volume of ~aOH titrated in mL.

A
B

12.3

To calculate total and stror.g acidity, a Gran's plot can be
constructed usir.g the volume and pH data from the titration.
Calculate the Gra~ function for each point as follows (14.10)

~= (~ + VT)lO

~·
w~ere:

=

+

-pH

T

Vm)lOpHT
L

Grar. fu~ction before the equivalence poir.t is reached
Gran function after the eq~ivalence point is reached
initial vo:ume of sample in mL
volu~e of titrant added in mL
pH from meter correspondir.g to v

T

Plot t~e Gran function versus the volume of titrant (VT).
The
curves ~and~· vs. V are linear and intersect t~e VT axis at
VE and V'E, respectiv~ly.
If significant weak acidity is
present, the I/I function will be altered by the dissociation of the
weak acids.
This produces nonlinearity in the curve I/I vs. VT.
T~e linear portion of the curve can be extrapolated to obtain the
equivalence point V for strong acidity.
The i~tersectio~ of the
VT axis of ~'vs. V Eis the equivalence point for total acidity.
See Figures 2 a~d

3.
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Strong acidity

10

-6

CB(VE/V )
0

6
Total acidity = l0- CB(V'E/V )
0

V'

E

+
ueq H /L
+
ueq H /L

Normality of titrant
volume of titrant added at the equivalence point
in mL (strong acidity)
volume of titrant added at the equivalence point
in ~L (total acidity)
i:1itial volume of sample ir. mL

The concentration of weak acid is obtained from the following
relationship:
Weak Acidity
13.

PRECISION AND BIAS
13.l

14.

Total Acidity - Strong Acidity

Single-operator ~recision and bias data were obtained using two
quality control check samples. The results are tabulated in
Table 2.
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Table 1.

National Bureau of Standards (NBS) Salts for
Reference Buffer Solutions.

NBS Standard Sample
Designation

Buffer Salt

Drying
Procedure

186-1-c

potassium dihydrogen phosphate

2 h in oven at
130°c

185-f

potassium hydrogen phthalate

2 h in oven at
ll0°C

The buffer salts listed above can be purchased from the Office of
Standard Reference Materials, National Bureau of Standards, Washington,
D. C. 20234.
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Table 2.

Theoretical
Total Acidity,
ueq/L

Single-Operator Bias and Precision from Acidity
Titrations of Quality Control Check Samples.

Mean Measured
Total Acidity,
ueq/L

n

a

50.1

50.1

10

50.5

47.8

7

Bias,
ueq/L
%

0

-2.7

Precision,
s,
RSD,
ueq/L
%

0

1. 8

3.6

-5.4

2.4

5.0

5
The solut_i§ns used were a 5.01 x 10- N nitric acid solution (pH : 4.30) and a
5.05 x 10
N equimolar mixture of nitric acid and acetic acid (pH : 4.60).
a.

Number of replicates

305.6-18

Figure l.

Sample Vessel Used for an Acidity
Titration.

pH ELECTRODE

MAGNETIC STIRRER
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Figure 2.

VI

pH

A Standard Titration Curve with Gran's
Plot for an Equimolar Mixture of Dilute
Nitric Acid and Acetic Acid.
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weak acidity = 25.2 µeq/L = 49.9%
Measured Acidities
mean strong acidity = 22.9 (±1.6) µeq/L (pH 4.64) = 47.9%
mean total acidity= 47.8 (±2.3) µeq/L
weak acidity= 24.9 µeq/L = 52.1%
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Figure 3.

iJ;

10

pH

A Standard Titration Curve with Gran's
Plot for a Dilute Nitric Acid Solution.
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Calculated Acidity
strong acidity = 50.4 µeq/l (pH 4.30) = 100%
Measured Acidities
mean strong acidity= Si. 1 (±3.5) µeq/L (pH 4.29) = 99%
meari total acidity = 51 .6 (±3.6) µeq/L
weak acidity = 0.5 µeq/L = 1%
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1.

SCOPE AND APPLICATION

1.1

This method is applicable to the automated colorimetric determination
of chloride in wet deposition samples by reaction with thiocyanate.

2.

1.2

The term "wet deposition" is used in this method to designate rain,
snow, dew, sleet, and hail.

1. 3

The method dete•:tion limit (MDL) determined from replicate analyses
of a calibratio:1 standard contair.inq 0.10 rng/L chloride is 0.03 rng/L.
The cor.centration range of this method is 0.03-2.00 mg/L as Cl

1.4

Figure 1 represents a cumulative frequency percentile chloride
concentration plot obtained from analyses of over five thousand wet
deposition samples.
Tr.ese data may be used as an aid in the
selection of appropriate calibration standard concentrations.

SUMMARY OF METHOD
2.1

A sample is mixed with a solution of saturated mercuric thiocyanate
and ferric ammonium sulfate.
Mercuric thiocyanate reacts with
chloride ions i~ the sa~ple to form mercuric chloride.
The liberated
thiocyanate ions then react with ferric ions to form a colored ferric
thiocyanate complex.
The intensity of the color of this complex
is proportional to t~e concentration of chloride in solution.
After
color development, a flcwcell receives the stream for measurement.
A
light bean of a wavelength characteristic of the ferric thiocyanate
complex is passE?d through the solution.
The light energy measured by
photodetectors lS a function of the concentration of chloride ion in
the sample.
Beer's Law is used to relate the measured transmittance
to concentration:
log(l/Tl
where:

abc

T
transmittance
a = a:Osorptivity
b
length of ligh~ path
c
concentration of absorbing species

(mg/L)

A calibration curve is constructed using standard solutions
containing known concentrations of chloride.
From t~is curve, the
concentration of chloride in a wet deposition sample is deter~ined.
3.

DEFINITIONS
3.1

COLORIMETRY -- the measurement of light transmitted by a colored
complex as a fi..;nctior. of ccncentratior..

3.2

For definitions of other terms used in these methods, refer to the
glossary.
For an explanation of the metric syste~ including units,
symbols, and conversion factors see American Society for Testing and
Materials (ASTM) Standard E 380, "Metric Practices" ( 14 .1) .
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4.

5.

INTERFERENCES
4.1

Sample color absorbing in the wavele~gth range of 470-490 nm will
increase the measured concentration of chloride in the sample. Wet
deposition samples are generally colorless, therefore, this type of
interference is rare.

4.2

Other haloge~s such as bromide and fluoride present in the sample
will compete with chloride ions to complex t!1e mercury from the
mercuric thiocyanate reagent. The excess thiocyanate ions liberated
form the colored ferric thiocyanate complex, resulting in an elevated
concentration of chloride determi~ed in the sa~ple.

SAFETY
5.1

The calibration standards and sample types used in this method pose
no hazard to the analyst. Many of the reagents, however, require
special precautions as detailed below. Use a fume hood, protective
clothing, and safety glasses when handling concentrated nitric (Sect.
7.4) and sulfuric acids (Sect. 7.7).

5.2

Use a fume hood and protective gloves when preparing the ferric
ammonium sulfate solution (Sect. 7.4). Vapors produced by the
reaction between ferric ammonium sulfate and nitric acid are
hazardous.

5.3

Anytime the mercuric thiocyanate solution (Sect. 7.5) is prepared,
wear gloves and avoid all skin contact with this poisonous reagent.

CAUTION: W!-len discarding the mercuric sulfide waste, follow the
precautions detailed in Sect. 11.7.
5.4

6.

Follow American Chemical Society guidelines regarding the safe
ha~dling o: che~icals used in this method (14.2).

APPARATUS AND EQUI?MENT
6.1

AUTC~ATED

COLORIMETRIC INSTRUMENT -- Select and assemble an
analytical system consisti~g of the following:

6.1.l

Sampler.

6.1.2

Proportioning

6.1.3

Analytical Cartridge.

6.1.4

Colori~eter

6.1.5

Strip Chart Recorder (er other data acquisition device).

6.1.6

Printer (optional).

?u~p.

with a 480 nm waveler.gth setting.
Ensure that the
colorimeter is eq~ipped with photodetectors having ~aximum
sensitivity at this wavelength setting. A 15 m.~ flow cell is
adequate to achieve the MDL stated in Sect. 1.3.
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7.

6.2

Wherever possinle, use glass transmission lines with an inside
diameter of 1.86 mm (0.073 inches) in the analytical cartridge and
colorimeter. Glass yields a more uniform sample flow and does not
degrade as quickly as other tubing materials.
When connecting two
glass lines, ensure that the ends are abutted.
To minimize pulsing
of the analytical stream, maintain uniform inside diameter throughout
all transmission tubing.
Minimize the length of all transmission
tubing to optimize the performance of the hydraulic system.

6.3

Enclose the sampler with a dust cover to prevent contamination.

6.4

To prevent the intake of any precipitates from the reagents, install
intake filters at the end of the transmission lines that are used to
transport the reagents from their respective containers to the
proportioning pump.

6.5

LABORATORY FACILITIES -- Laboratories used for the analysis of
wet deposition samples should be free from external sources of
contamination.
The use of laminar flow clean air workstations is
recommended foy sample processing and preparation to avoid the
introduction of airborne contaminants. Samples should always be
capped or covered prior to analysis. A positive pressure
environment wi~hin the laboratory is also recommended to minimize
the introduction of external sources of contaminant gases and
particulates. Windows within the laboratory should be kept closed
at all times and sealed if air leaks are apparent. The use of
disposable tacky floor mats at the entrance to the laboratory is
helpful in red~cing the particulate loading within the room.

REAGENTS AND CONSUMABLE MATERIALS
7.1

PURITY OF REAGENTS -- Use reagent grade chemicals for all solutions.
All reagents shall conform to the specifications of the Committee on
Analytical Reagents of the American Chemical Society (ACS), where
such specifications are available.

7.2

PURITY OF WATER -- Use water conforming to ASTM Specification D
1193, Type II (14.31.
Point of use 0.2 micrometer filters are
recommended for all faucets supplying water to prevent the
introduction of bacteria and/or ion exchange resins into reagents,
standard solutions, and internally formulated quality control check
solutions.

7.3

CHLORIDE SOLUTION, STOCK (1.0 mL = 1.0 mg Cl) -- Dissolve 1.6485 g
of sodium chloride (NaCl), dried at 105°c for one hour, in water
(Sect. 7.2) and dilute to 1 L. Store at room temperature in a high
density polyethylene or polypropylene container.
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7.4

FERRIC AMMONIUM SULFATE SOLUTION -- Dissolve 60 g of ferric ammonium
sulfate (FeNH (so ) •12(H 0) in approximately 500 mL of water
4
4 2
2
(Sect. 7.2). Add 355 mL of concentrated nitric acid (HNo , sp gr
3
1.42) and dilute to 1 L with water (Sect. 7.2). Filter the solution
and add 0.5 mL Brij-35 or a similar wetting agent.
This solution is
stable for one year when stored at room temperature in an amber glass
container.
CAUTION: The vapors produced when ferric ammonium sulfate is
dissolved in acid are hazardous. Refer to Sect. 5.2 for an
explanation of necessary safety precautions.

7.5

MERCURIC THIOCYANATE SOLUTION (Saturated) -- Add 5 g of mercuric
thiocyanate (Hg(SCN) ) to water (Sect. 7.2) and dilute to 1 L.
2
Decant and filter a 200 rnL portion of the saturated supernatant
liquid to use as the reagent.
Store the solution at room temperature
in a high density polyethylene or polypropylene container.
CAUTION: Mercuric thiocyanate solution is a poisonous reagent.
Avoid all skin contact with this solution. Refer to Sect. 5.3 for
an explanation of necessary safety precautions.

8.

7.6

SAMPLER RINSE WATER -- Add 0.5 mL Brij-35 or another suitable wetting
agent to 1 L of water (Sect. 7.2).

7.7

SULFURIC ACID (7.2 N) -- Add 200 mL of sulfuric acid (H so , sp
2 4
gr 1.84) to water (Sect. 7.2) and dilute to 1 L.
Store at room
temperature in a glass container.

7.8

THIOACETAMIDE SOLUTION (13% w/v) -- Dissolve 130 g of thioacetamide
(CH SCNH l in water (Sect. 7.2) and dilute to 1 L. This solution
3
2
is stable for one year when stored at room temperature in a glass
container.

7.9

SAMPLE CONTAINERS -- Use polyolefin sample cups or glass test tubes
that have been thoroughly rinsed with water (Sect. 7.2) before use.

SAMPLE COLLECTION, PRESERVATION AND STORAGE
8.1

Collect samples in high density polyethylene (HOPE) containers that
have been thoroughly rinsed with ASTM Type II water (7.2). Do not
use strong mineral acids or alkaline detergent solutions for cleaning
collection vessels. Residual acids may remain in the polyethylene
matrix and slowly leach back into the sample. Alkaline detergents
may also leave residues that may affect the sample chemistry. Cap
collection bottles after cleaning to prevent contamination from
airborne contaminants; air dry collection buckets in a laminar flow
clean air workstation and wrap in polyethylene bags prior to use.
If
a laminar flow workstation is not available, pour out any residual
rinse water and bag the buckets immediately.
Do not dry the bucket
interior by any method other than air drying in a laminar flow clean
air workstation.
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9.

8.2

The frequency of sample collection and the choice of sampler design
are dependent on the monitoring objectives.
In general, the use of
wet-only samplers is recommended to exclude dry deposition
contributions, minimize sample contamination, retard evaporation,
and enhance sample stability. Sample collection frequency may vary
from subevent to monthly sampling periods. Collection periods of
more than one week are not recommended since sample integrity may be
compromised by longer exposure periods.

8.3

Chloride ion has been found to be stable in HOPE bottles for six
weeks without special preservation techniques such as filtration or
refrigeration (14.4).

CALIBRATION AND STANDARDIZATION
9.1

INSTRUMENT OPTIMIZATION
9.1.1

For a flow segmented system with a concentration range from
0.03-2.00 mg/L as chloride, assemble the sampling and
analytical system as shown in Figure 2.

9.1.2

Use flow rated polyvinyl chloride (PVC) or polyethylene pump
and transmission tubing throughout the sampling and analytical
system. Use polyethylene tubing to transport the ferric
ammonium sulfate reagent. This solution will degrade PVC
tubing quickly. Check the tubing for chemical buildup,
splits, cracks, and deformations before beginning each day's
analysis.
Change pump tubes after 50 hours of operation.
Change transmission tubing after 100 hours of operation or
when uneven flow patterns are observed.
Replace the tubing
used to transport the ferric ammonium sulfate reagent daily.

9.1.3

Optimize the tension of the pump tubes according to
manufacturer's recommendations.

9.1.4

Set the wavelength of the colorimeter to 480 nm. Allow the
colorimeter to warm up for 30 minutes while pumping sampler
rinse water (Sect. 7.6) and reagents through the system.
After a stable baseli~e has been obtained, adjust the recorder
to maxLmize the full-scale response.

9.1.5

Sample at a rate of 40 samples/hour with a 1:4 sample to
rinse Yatio. This sampling rate provides good peak
separation. Adjust the colorimeter to maximize sensitivity
while minimizing instrument noise. Refer to the
manufacturer's recommendations.
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9.2

9.3

10.

CALIBRATION SOLUTIONS
9.2.1

Five calibration solutions and one zero standard are needed to
generate a suitable calibration curve.
The lowest calibration
solution should contain chloride at a concentration greater
than or equal to the method detection limit. The highest
solution should approach the expected upper limit of
concentration of chloride in wet deposition. Prepare the
remaining solutions such that they are evenly distributed
throughout the concentration range. Suggested calibration
standards for chloride are as follows:
zero, 0.03, 0.50,
1.00, 1.50, and 2.00 mg/Las Cl .

9.2.2

Prepare all calibration standards by diluting the stock
standard (Sect. 7.3) with water (Sect. 7.2). Use glass
(Class A) or plastic pipettes that are within the bias and
precision tolerances specified by the manufacturer. The
standards are stable for one month when stored at room
temperature in high density polyethylene or polypropylene
containers.

CALIBRATION CURVE
9.3.1

Analyze the standard containing the highest concentration of
chloride and adjust the colorimeter calibration control to
obtain full-scale deflection on the recorder.
Use the zero
standard to set the instrument baseline.
If a printer is
used, adjust it to read the correct concentration. Analyze
all the standards and construct a calibration curve according
to Sect. 12. After every 30 samples and at the end of the
day's analyses, reconstruct the entire calibration curve.

9.3.2

Verify the calibration curve after every ten samples and at
the end of each day's analyses according to Sect. 10.5.

QUALITY CONTROL
10.l

Each laboratory using this method should develop formalized quality
control protocols to continually monitor the bias and precision of
all measurements.
These protocols are required to ensure that the
measurement system is in a state of statistical control. Estimates
of bias and precision for wet deposition analyses cannot be made
unless these control procedures are followed.
Detailed guidelines
for the development of quality assurance and quality control
protocols for wet deposition measurement systems are published in a
manual available from the United States Environmental Protection
Agency, Research Triangle Park, NC 27711 (14.5).
Included in this
manual are procedures for the development of statistical control
charts for use in monitoring bias and precision as well as
recommendations for tte introduction of reagent blanks, laboratory
duplicates, field duplicates, spike samples, and performance
evaluation samples. These guidelines are to be used by all
laboratories involved with wet deposition measurements.
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10.2

ESTABLISHMENT OF WARNING AND CONTROL LIMITS -- Warning and control
limits are used to monitor drift in the calibration curve, analyses
of quality control check samples (QCS), and measured recoveries
from laboratory spikes.
10.2.1

Calibration Curve -- After a calibration curve has been
constructed according to Sect. 12, reanalyze additional
aliquots of the low and high concentration standards.
Calculate the concentrations using the previously derived
calibration curve.
Repeat this procedure until at least
ten determinations at each concentration level have been
made.
These data should be collected on ten different days
to ~rovide a realistic estimate of the method variability.
Calculate a standard deviation (s) at each concentration
level.
Use the nominal standard concentration as the mean
value (x) for determining the control limits. A warning
limit of x + 2s and a control limit of x + Js should be
used.
Reestablish these limits whenever instrumental
operating conditions change.

10.2.2

Quality Control Check Samples (QCS) -- Calculate warning
and control limits for QCS solutions from a minimum of ten
analyses performed on te~ days.
Use the calculated
standard deviation (s) at each QCS concentration level to
develop the limits as described in Sect. 10.2.1. Use the
certified or NBS traceable concentration as the mean
(target) value. Constant positive or negative measurements
with respect to the true value are indicative of a method
or procedural bias. Utilize the data obtained from QCS
measurements as in Sect. 10.4 to determine when the
measurement system is out of statistical control. The
standard deviations used to generate the QCS control limits
shocld be comparable to the single operator precision
repcrted in Table 2. Reestablish new warning and control
limits whenever i~strumental operating conditions are
varied or QCS concentrations are changed.

10.2.3

Laboratory Spike Solutions -- A minimum of ten analyte
spikes of wet deposition samples is required to develop a
preliminary data base for the calculation of warning and
control limits for spike recovery data.
Select the spike
concentration such that t~e working range of the method
will not be exceeded. Samples selected for the initial
spike recovery study should represent the concentration
ranqe common to wet deposition samples in order to reliably
estimate the method accuracy. Calculate a mean and
standard deviation of the percent recovery data using the
formulas provided in the glossary. Determine warning and
control limits using ~2s and ~Js, respectively.
If
the data indicate that no significant method bias exists
(14.6), the 100 percent recovery is used as the mean
percent recovery.
Where a significant bias is determined
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at the 95% confidence level, the control limits are
centered around the bias estimate. Routine spiked sample
analyses that yield percent recovery data outside of the
control limits are an indication of matrix interferences
that should be resolved before routine analyses are
continued.
10.2.4

All warning and control limits should be reevaluated on a
continual basis as additional data are collected during
routine analyses. The limits should be broadened or
narrowed if a recalculated standard deviation under similar
operating conditions provides a different estimate of the
procedure variability.

10.3

Monitor the cleaning procedure by pouring a volume of water (Sect.
7.2) that approximates the median sample size into the collection
vessel. Allow the water to remain in the sealed or capped
collection container for at least 24 hours and determine the
chloride concentration.
If the solution concentration exceeds the
MDL, a contamination problem is indicated in the cleaning
procedure.
Take corrective action before the sampling containers
are used for the collection of wet deposition.

10.4

Analyze a quality control check sample (QCS) after the calibration
curve has been established. This sample may be formulated in the
laboratory or obtained from the National Bureau of Standards (NBS
Standard Reference Material 2694, Simulated Rainwater). Verify the
accuracy of internally formulated QCS solutions with an NBS
traceable standard before acceptance as a quality control check.
The check sample(s) selected must be within the range of the
calibration standards.
If the measured value for the QCS falls
outside of the +3s limits (Sect. 10.2.2), or if two successive
QCS checks are outside of the ~2s limits, a problem is indicated
with the system or the calibration procedure. Corrective action
should be initiated to bring the results of the QCS within the
established control limits.
Plot the data obtained from the QCS
checks on a control chart for routine assessments of bias and
precision.

10.5

Verify the calibration curve after a maximum of ten samples and at
the end of each day's analyses.
Analyze calibration standards at
the low and high ends of the working range.
If the routine
calibration checks do not meet the criteria described in Sect.
10.4, recalibrate the system and reanalyze all samples from the
last time the system was in control. Verify the new calibration
curve with the QCS according to Sect. 10.4 and reanalyze all
samples measured since the last time the system was in control.
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11.

10.6

Submit a Field Blank (FB) to the laboratory for every 20 samples.
The FB may consist of a water sample (Sect. 7.2) or a known
reference scilution that approximates the concentration levels
characteristic of wet deposition. The FB is poured into the
sampling vessel at the field site and undergoes identical
processing and analytical protocols as the wet deposition
sample(s). Use the analytical data obtained from the FB to
determine any contamination introduced in the field and laboratory
handling procedures. The data from the known reference solution
can be used to calculate a system precision and bias.

10.7

Prepare and analyze a laboratory spike of a wet deposition sample
according to the guidelines provided in "Quality Assurance Manual
for Precipitation Measurement Systems" (14.5). Compare the results
obtained from spiked samples to those obtained from identical
samples to which no spikes were added. Use these data to monitor
the method percent recovery as described in Sect. 10.2.3.

10.8

Participation in performance evaluation studies is recommended for
wet deposition chemistry laboratories. The samples used for these
performance audits should contain the analytes of interest at
concentrations within the normal working range of the method. The
true values are unknown to the analyst.
Performance evaluation
studies for wet deposition chemistry laboratories are conducted
semiannually by the USEPA Performance Evaluation Branch, Quality·
Assurance Division, Research Triangle Park, NC 27711.

PROCEDURE
11.1

Optimize the instrument each day according to Sect. 9.1.

11.2

Prepare all standards and construct a calibration curve according
to Sect. 9.2 and 9.3.

11.3

After the calibration curve is established, analyze the QCS.
If
the measured value for the QCS is not within the specified limits
(Sect. 10.2.2), refer to Sect. 10.4.

11.4

Load the sampler tray and begin analysis.

11.5

If the peak height response exceeds the working range of the
system, dilute the sample with zero standard and reanalyze.

11.6

When analysis is complete, rinse the system with sampler rinse
water (Sect. 7.6) for 15 minutes.
Rinse with 7.2 N sulfuric acid
(Sect. 7.7) for 15 minutes, and repeat the water rinse for 15
minutes.
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11.7

12.

Collect chloride waste from the flowcell, place in a fume hood, and
add 20 mL of 13% thioacetamide solution per liter of chloride
waste. Cap the container and mix well. A precipitate of mercuric
sulfide will form.
After 24 hours, :ilter the solution in a fume
hood.
Discard the filtrate and store the residue of mercuric
sulfide in a closed glass container for later disposal at a
hazardous waste treatment/storage :acility.

CALCULATIONS
12.1

Calculate a linear least squares fit of the standard
concentrations as a function of the measured peak height.
linear least squares equation is exrr~ss~d as follows:

standard concentration in mg/L
peak height measured
y-intercept calculated from: y
slope calculated from:
n

I
i=l

(x.

1

-

xl (y

where:

- 'Yl I

1

l

(x.

i=l

1

- B

1

The

x

- _)2
x

x

mear. of peak heights measured
mean of standard concentrations
n = numher of samples

y

The correlation coefficient should be 0.9990 or greater. Determine
the concentration of chloride from the calibration curve.
12.2

If the relationship between standard concentration ar.d measured
peak height is nonlinear, use a second degree polynomial least
squares equation to derive a curve with a correlation >0.9990.
The seccnd degree polynomial equation is expressed as follows:

A computer is necessary for the derivation of this function.
Determine the concentration of chloride from the calibration curve.
12.3

An integration system may also be used to provide a direct readout
of the concentration of chloride.

12.4

Report data in mg/L as Cl.
Do not
lowest calibration standard.
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re~ort

data lcwer than the

13.

14.

PRECISION AND BIAS
13.1

The mean percen~ recovery and mean bias of this method were
determined from the analysis of spiked wet deposition samples
according to ASTM Standard Practice 04210, Annex A4 (14.6). The
results are summarized in Table 1. A small but statistically
sig~ificant hias of 0.04 mg/L was determined at a spike
concentration of 0.41 mg/L. No statistically significant bias was
present at a spike concentration of 0.14 mg/L.

13.2

Single-operator precision and bias were obtained from the analysis
cf quality control check samples that approximated the levels
common to wet deposition samples. These results reflect the
accuracy that can be expected when the method is used by a
competent operator. These data are presented in Table 2.

REFERENCES
14.1

Annual Book of AST:-! Standards, Part 31, "Excerpts from Standard
for Metric Practice," Standard E 380-79, 1982, pp. 679-694.

14.2

''Safety in Acade~ic Chemistry Laboratories," American Chemical
Society Publication, Committee on Chemical Safety, 3rd Edition,
1979.

14.3

Annual Book of ASTM Standards, Part 31, "Standard Specification
for Reagent I-later," Standard D 1193-77, 1982, p. 39.

14.4

Peden, M. E. and Skowron, L. M., "Ionic Stability of Precipitation
Samples," Atmos. Environ. 12, 1978, pp. 2343-2349.

14.5

Topal, L. E., Lev-On, M., Flanagan, J., Schwall, R. J., Jackson, A.
E., Quality Assurance Manual for Precipitation Measurement
Systems, 1985, U.S. Environmental Protection Aqency, Environmental
Monitoring Systems Laboratory, Research Triangle Park, NC 27711.

14.6

Annual Book of ASTM Standards, Section 11, Vol. 11.01 (1),
"Practice for Intralaboratory Quality Control Procedures and a
Discussion of Repcrt1ng Low-Level Data," Standard D4210 Annex A4,
198.3, pp. 15··16.
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Table 1.

Analyte

Chloride

a.
b.

Single-Operator Precision and Bias for Chloride
Determined from Analyte Spikes of Wet Deposition Samples.

Amount
Added,
mg/L

n

0.14
0.41

10
10

a

Mean
Percent
Recovery

Mean
Bias,
mg/L

107.1
109.5

0.01
0.04

Number of replicates
95% Confidence Level
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Standard
Deviation,
mg/L

0.01
0.01

Statistically
Significant
.
b
Bi.as?

No
Yes

Table 2.

Theoretical
Concentration,
mg/L

Single-Operator Precision and Bias for Chloride
Determined from Quality Control Check Samples.

Measured
Conc(~ntration,

a

Bias,
mg/L
%

Precision,
s,
RSD,
rng/L
%

mg/L

n

0.85

0.88

105

0.03

3.5

0.02

2.3

1. 78

1.87

105

0.09

5.1

0.03

1.6

The above data were obtained from records of measurements made under the
direction of the NADP/NTN quality assurance program.
a.

Number of replicates
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Figure 1.

Percentile Concentration Values Obtained from
Wet Deposition Samples: Chloride
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Figure 2.

Chloride Sampling and Analytical
System -- Segmented Flow.
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1.

2.

SCOPE AND APPLICATION
1.1

This method is applicable to the potentiometric determination of
fluoride in wet deposition samples using an ion-selective electrode
as the sensor.

1.2

The term "wet deposition" is used in this method to designate rain,
snow, dew, sleet, and hail.

1. 3

The method detE~ction limit (MDL) determined from replicate analyses
of a quality control check solution containing 0.011 mg/L fluoride is
0.003 mg/L.
The concentration range over which this method is
applicable is 0.003-0.10 mg/L as F-.

1.4

Fluoride concE~ntrations in wet deposition samples range from
0.003-1.00 mg/L.
Average concentrations are in the range of
0.01-0.10 mg/L,
Fluoride concentrations as high as 10.00 mg/L
have been reported in wet deposition samples collected near
industrial sources (14.1).

SUMMARY OF METHOD
2.1

Ion-selective E~lectrodes approximate the concentration of specific
ions in solution according to the electrode potential that develops
across the sensing membrane.
In the case of the fluoride electrode,
this potential, which depends on the level of free fluoride ion in
solution, is measured against a constant reference potential. The
measured poten~ial corresponding to the level of fluoride ion in
solution is described by the Nernst equation:
2.3026 RT
E

where:

E
E
Ro
T

F
n
[F)

E

0

log [F]
nF

measured electrode potential
reference potential (a constant)
gas constant
absolute temperature [T(°Cl + 273]
Faraday's constant
number of electrons trans:erred
molar concentration of fluoride in solution

Values of the factor 2.3026 RT/F at different temperatures are
provided in Table 1. The meter and the associated fluoride and
reference electrode are calibrated with standard fluoride solutions.
A calibration curve is constructed from which the concentration of
fluoride in a wet deposition sample is determined.
3.

DEFINITIONS
3.1

For definition:; of terms used in this method, refer to the glossary.
For an explana~ion of the metric system including units, symbols, and
conversion fac~ors see American Society for Testing and Materials
(ASTM) Standard E 380, "Metric Practices" (14.2).

340.6-3

4.

INTERFERENCES
4.1

5.

6.

The sample pH must be >5 to avoid complexation by hydrogen ions and
<7 to avoid hydroxide interference. The addition of total ionic
strength adjustment buffer (TISAB II) to samples will eliminate this
potential source of error as well as eliminate possible interferences
from aluminum and iron complexation.

SAFETY
5.1

The calibration standards, sample types, and most of the reagents
used in this method pose no hazard to the analyst. Use a fume hood,
protective clothing, and safety glasses when handling sodium
hydroxide (Sect. 7.4) and glacial acetic acid (Sect. 7.5).

5.2

Follow American Chemical Society guidelines regarding the safe
handling of chemicals used in this method (14.3).

APPARATUS AND EQUIPMENT
6.1

SPECIFIC ION OR mV METER -- The meter must have a readability of
0.1 mV with an analog or digital display. A meter that has separate
calibration and slope adjustment features and is electrically
shielded to avoid interferences from stray currents or static charge
is necessary.
It may be powered by battery or by 110 VAC.
If
battery powered, the meter must have a battery check feature.
A
temperature compensator control to provide accurate measurements at
temperatures other than 25°c is desirable.

6.2

SENSING ELECTRODE -- The most commonly used fluoride electrode
consists of a single-crystal lanthanum fluoride membrane which is an
ionic conductor in which only fluoride ions are mobile.
Select an
electrode with a concentration range of 0.01 to 1.00 mg/L, a
0
temperature range of 20°-Jo c, and a reproducibility of ~2%.
Store the electrode according to manufacturer's guidelines.

6.3

REFERENCE ELECTRODE -- Select a single junction Ag/AgCl sleeve type
reference electrode for analysis. Store the electrode according to
manufacturer's guidelines.

6.4

COMBINATION FLUORIDE ION-SELECTIVE ELECTRODE -- Due to sample volume
limitations in wet deposition samples, a combination fluoride
electrode that contains both the sensing and t~e reference elements
in one probe is recommended over using two separate electrodes. Use
a combination electrode with a single junctior. Ag/AgCl sleeve type
reference element (Orion #96-09 or equivalent). When not in use,
store the combination fluoride electrode according to manufacturer's
guidelines.

6.5

STIRRING DEVICE (electric or water-driven) -- If an electric
stirrer is selected, place an air gap or insulating pad between the
stirrer surface and the solution container to minimize heating of the
sample.
Use a Teflon-coated stirring bar.
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7.

6.6

THERMO~ETER

6.7

LABORATORY FACILITIES -- Laboratories used for the analysis o: wet
deposition samples should be free from external sources of
contamination.
The use of laminar flow clean air workstations is
recommer.ded for sample processing and preparation to avoid the
introd~ction of airborne contaminants.
Samples should always be
capped or covered prior to analysis.
A positive pressure er.vironment
within the laboratory is aiso recommended to minir:iize the
introduction of external sources cf contaminant gases and
particulates.
Windows within the laboratory should be kept closed at
all times and sealed if air leaks are apparent.
The use of
disposable tacky floor mats at the entrance to the laboratory is
helpful in reducing the particulate loading within the room.

-·- Select a thermometer capable of being read to the
.
nearest 1 0 C an d covering
t h e range 0 0 -40 0 C.

REAGENTS AND CONSUMABLE MATERIALS
7.1

PCRITY OF REAGENTS -- Use reagent grade chemicals for all solutions.
All reagents :5hall ccnform to the specifications of the Committee on
Analytical Reage~ts of the American Chemical Society (ACS), where
such specifications are available.

7.2

PURITY OF WATER -- Cse water conformir.g to ASTM Specification D 1193,
Type II (14.41.
Poi~t of use 0.2 r:iicrometer filters are recommended
for all fauce~s supplying water to prevent the introduction of
bacteria and/or ion exchange resins into reagents, standard
solutions, and internally for~ulated quality control check solutions.

7.3

FLUORIDE SOLUT!ON, STOCK (1.0 mL = 1.0 mg F) -- The stock solution
may be purchased as a certified solution or prepared from ACS reagent
grade materials.
To prepare, dissolve 0.221 g of anhydrous sodium
fluoride (NaF) in water (Sect. 7.2) and dilute to 1 L.
Store at roe~
temperature i~ a ~ig~ density polyethylene or polypropy~ene
container.

7.4

SODIUM HYDROX[DE SOLUTION (5.0 N) -- Dissolve 200.0 g of sodium
hydroxide (Na0H) s:i.owly in 5CO mL of water (Sect. 7.2).
Cool to
room temperat0re and dil~te to 1 L with water (Sect. 7.2).

7.5

TOTAL IONIC STRENGTH ADJUSTMENT BUFFER (TISAB I~ :or low level
measurements) -- Add 57.0 mL of glacial acetic acid (CH COOH),
4.0 g of cyclohexylene dinitrilo tetraacetic acid (COTA~, and
58.0 g of sodium chloride (NaCl) to 500 mL of water (Sect. 7.2).
Stir to dissolve and cool to room temperature.
Add 150 mL of 5 N
Cool to room temperature and dilute to 1 L with water (Sect.
NaOH.
7.2).
Store at room temperature in a polyolefin container. Add to
standards and sar:iples as directed in Sect. 9.5.2 and Sect. 11.4 to
provide a constar.t background ionic strength and to maintain the pH
of the solution between 5.0 and 5.5.

7.5

SAMPLE CONTAINERS -- Use polyolefin sample cups that have been rinsed
t~oroughly with water
(Sect. 7.2) before use.
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8.

9.

SAMPLE COLLECTION, PRESERVATION AND STORAGE
8.1

Collect samples in high density polyethylene (HDPE) containers that
have been thoroughly rinsed with ASTM Type II water (7.2). Do not
use strong mineral acids or alkaline detergent solutions for cleaning
collection vessels.
Residual acids ~ay remair. in the polyethylene
matrix and slcwly leach back into the sample.
Alkaline detergents
may also leave residues that may affect the sample chemistry. Cap
collection bottles after cleaning to prevent contamination from
airborne contaminants; air dry collection ~uckets in a laminar flow
clean air workstation and wrap in polyethylene bags prior to use.
If
a laminar flow workstation is not available, pour out any residual
rinse water and bag the buckets imr.iediately. Do not dry the bucket
interior by any method other than air drying in a laminar flow clean
air workstation.

8.2

The frequency of sample collection and the choice of sampler design
are dependent on the monitoring objectives.
In general, the use of
wet-only samplers is recomrner.ded to exclude dry deposition
contributions, minimize sample contamination, retard evaporation,
and enhance sample stability.
Sample collection frequency may vary
:rom subevent to ~onthly sampling periods.

8.J

Fluoride cor.cer.trations are stable in natural waters for 28 days when
stored at 25°c in high density polyethylene or polypropyler.e
containers (14.5). No data are available for the stability of fluoride
in wet deposition samples.

CALIBRATION AND STANDARDIZATION
9.1

Turn on the meter and allow it to warm up according to nanufacturer's
instructions.
~f an ion selective meter is used, set the function
switch to detect monovalent anions.

9.2

If necessary, add filling so:~tion supplied by the manufact~rer to
the electrode before using. Maintain the fi~ling solution level at
least one inch above the level of the sanpl: surface to ensure proper
e:ectrolyte flow rate.

9.J

Brir.g all standards and sa~ples to ambient temperature before
beginning any analyses. Maintain samples and standard solutions
within +1°c of each other and maintair. operatir.g temperatures of
25 .:!:. 2o-C (14.6). The absolute potential of the reference electroce
changes slowly with temperature because o: the solubility equilibrium
upon which the electrode depends.
The slope of the :luoride
electrode also varies with temperature as indicated in the Nernst
equation in Sect. 2.1.
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9. 4

9.5

CALIBRATION SOLUTIONS
9.4.1

Five calibration solutions and one zero standard are needed to
generate a suitable calibration curve.
The lowest calibration
solution should contain fluoride at a concentration greater
than or equal to the method detection limit. The highest
solution should approach the expected upper limit of
concentration of fluoride in wet deposition. Prepare the
remaining solutions such that they are evenly distributed
throughout the concentration range. Suggested calibration
standards for fluoride are as follows:
zero, 0.01, 0.03,
0.05, 0.07, and 0.10 mg/L as F-.

9.4.2

Prepare all calibration standards by diluting the stock
standard (Sect. 7.3) with water (Sect. 7.2). Use glass
(Class A) or plastic pipettes that are within the bias and
precision tolerances specified by the manufacturer.
The
standards are stable for one month when stored at room
temperature in high density polyethylene or polypropylene
containers.

ELECTRODE SLOPE -- Check the electrode slope daily before any
analyses are performed. Use two fluoride solutions that differ from
one another in concentration by a factor of ten and are within the
working concentration range. Suitable solutions to be used for this
procedure are the 0.01 and 0.10 mg/L calibration standards prepared
in Sect. 9.4.1.
9.5.1

Rinse the sample cup with three changes of water (Sect. 7.2).
Pipette a minimum of 5 mL of 0.01 mg/L calibration standard
into the sample cup.
Add TISAB II in a 1:1 volumetric r~tio
and eq~~librate for at least 15 minutes for complete Al+
and Fe
complexation.
Rinse the electrode(s) with three
changes of water (Sect. 7.2) or with a flowing stream from a
wash bottle.
Blot the electrode(s) dry with a clean
laboratory tissue and immerse into t!ie 0.01 mg/L standard to
which TISAB II has been added. Stir the solution and maintain
a stirring rate of approximately 4 revolutions per se'cond
(rps) throughout the analysis.
Allow the electrode about
three minutes to stabilize. Adjust the calibration control
until the display reads "l" if a specific ion meter is used or
until the display reads 0.0 if a mv meter is used.

9.5.2

Dispense an aliquot of 0.10 mg/L calibration standard into a
second c!ean sample cup, add TISAB II, and allow to
equilibrate as directed in Sect. 9.5.1.
Rinse the
electrode(s), blot dry, immerse in the solution, and stir as
directed in Sect 9.5.1. Allow the electrode about three
minutes to stabilize.
If a mv meter is used, correct
electrode performance is indicated by a reading of -57+3 mV.
If a specific ion meter is used, use the slope adjustment
feature to set the display to read "10".

340.6-7

9.5.3

9.6

10.

If the slope is not within the acceptable range indicated in
Sect. 9.5.2, refer to the electrode instruction manual for
corrective action.

CALIBRATION CURVE
9.6.l

Rinse the sample cup with three changes of water (Sect. 7.2).
Pipette an aliquot of zero standard into the sample cup. Add
TISAB II in a 1:1 volumetric rati~ and equ~librate for at
least 15 minutes for complete Al+ and Fe+ complexation.
Rinse the electrode(s) with three changes of water (Sect. 7.2)
or with a flowing stream from a wash bottle. Blot the
electrode(s) dry with a clean laboratory tissue and immerse
into the zero standard to which TISAB II has been added.
Stir
the solution and maintain a stirring rate of approximately
4 rps throughout the analysis.
Allow sufficient time for the
reading to remain steady within ~0.01 mg/L or 0.1 mV
(depending on the type of meter used) for 30 seconds. When
the meter reading is stable, record the measurement.

9.6.2

Analyze the remaining standards in order of increasing
fluoride concentration, measuring the most concentrated
standard last. Rinse the electrode(s) between standards.
Construct a calibration curve according to Sect. 12.

9.6.3

Verify the calibration curve after every ten samples and at
the end of each day's analyses according to Sect. 10.6.

QUALITY CONTROL
10.1

Each laboratory using this method should develop formalized quality
control protocols to continually monitor the bias and precision of
all measurements.
These protocols are required to ensure that the
measurement system is in a state of statistical control. Estimates
of bias and precision for wet deposition analyses cannot be made
unless these control procedures are followed.
Detailed guidelines
for the development of quality assurance and quality control
protocols for wet deposition measurement systems are published in a
manual available from the United States Environmental Protection
Agency, Research Triangle Park, NC 27711 (14.7).
Included in this
manual are procedures for the development of statistical control
charts for use in monitoring bias and precision as well as
recommendations for the introduction of reagent blanks, laboratory
duplicates, field duplicates, spike samples, and performance
evaluation samples. These guidelines are to be used by all
laboratories involved with wet depositior. measurements.
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10.2

ESTABLISHMENT OF WARNING AND CONTROL LIMITS -- Warning and control
limits are used to monitor drift in the calibration curve, analyses
of quality control check samples (QCS), and measured recoveries
from laboratory spikes.
10.2.1

Calibration Curve -- After a calibration curve has been
constructed according to Sect. 12, reanalyze additional
aliquots of the low and high concentration standards.
Calculate the concentrations using the previously derived
calibration curve.
Repeat this procedure until at least
ten determinations at each concentration level have been
made.
These data should be collected on ten different days
to provide a realistic estimate of the method variability.
Calculate a standard deviation (s) at each concentration
level.
Use the nominal standard concentration as the mean
value (x) for determi~ing the cor.trol limits.
A warning
linit of x + 2s and a control limit of x + 3s should be
used.
Reestablish these limits whenever instrume~tal
operating conditions change.

10.2.2

Quality Control Check Samples (QCS) -- Calculate warning
and control limits for QCS solutio~s from a minimum of ten
analyses perforned on ten days.
Use the calculated
standard deviation (s) to develop the limits as described
in Sect. 10.2.1. Use the certified or NBS traceable
cor.centration as the mean (target) value.
Constant
positive or r.egative measurements with respect to the true
value are indicative of a method or procedural bias.
Utilize the data obtained from ~CS ~easurements as in Sect.
10.3 to determine when the measurement syste~ is out of
statistical control. The standard deviations used to
generate the QCS control limits shou:d be comparable to the
single operator precision reported in Table 3.
Reestablish
new warni~g ar.d control limits whenever ir.strumental
operatir.g conditior.s are varied or QCS concentrations are
changed.

10.2.3

Laboratory Spike Solutions -- A minimum of ten analyte
spikes o~ wet deposition samples is required to develop a
preliminary data base for the calculation of warning ar.d
control linits for spike recovery data. Select the spike
con:entration such that the working range cf the method
will not be exceeded.
Samples selected for the initial
spike recovery study should represent the concentration
range common to wet deposition samples in order to reliably
estimate the method accuracy. Calculate a mean a~d
standard deviation of the percent recovery data using the
formulas provided ir. the glossary.
Determine warning and
control limits using ~2s and ~3s, respectively.
If
t~e data indicate that ~o significant method bias exists
(14.8), the 100 percent recovery is used as the mean
percent recovery. Where a significar.t bias is determined
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at the 95% confidence level, the control limits are
centered around the bias estimate.
Routine spiked sample
analyses that yield percent recovery data outside of the
control limits are an indication of matrix interferences
that should be resolved before routine analyses are
continued.
10.2.4

All warning and control limits should be reevaluated on a
continual basis as additional data are collected during
routine analyses. The limits should be broadened or
narrowed if a recalculated standard deviation under similar
operating conditions provides a different estimate of the
procedure variability.

10.3

Monitor the cleaning procedure by pouring a volume of water (Sect.
7.2) that approximates the median sample size into the collection
vessel. Allow the water (Sect. 7.2) to remain in the sealed or
capped collection container for at least 24 hours and determine the
fluoride concentration.
If the solution concentration exceeds the
MDL, a contamination problem is indicated in the cleaning
procedure.
Take corrective action before the sampling containers
are used for the collection of wet deposition.

10.4

Electrodes used for the measurement of wet deposition samples
should not be used for other sample types. Solutions with high
concentrations of fluoride may cause electrode degradation and
result in biased measurements and/or slow response in wet
deposition samples.
If the sensing element of the electrode
becomes coated with organic deposits, longer response times in
dilute fluoride solutions will result.
Refer to the manufacturer's
guidelines for instructions on how to clean the electrode of
organic deposits.

10.5

Analyze a quality control check sample (QCS) after the meter and
electrode assembly have been calibrated. This sample may be
formulated in the laboratory or obtained from the National Bureau
of Standards (NBS Standard Reference Material 2694, Simulated
Rainwater).
Verify the accuracy of internally formulated QCS
solutions with an NBS traceable standard before acceptance as a
quality control check. The check sample(s) selected must be within
the range of the calibration standards and should approximate the
range of the samples to be analyzed.
I: the measured value for the
QCS falls outside of the ~3s limits (Sect. 10.2.2), or if two
successive QCS checks are outside of the ~2s limits, a problem is
indicated with the calibration procedure or the electrode/meter
assembly. Check the meter according to the manufacturer's
guidelines.
If an electrode problem is indicated, replace the
electrode.
Plot ~he data obtained from the QCS checks on a control
chart for routine assessments of bias and precision.
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11.

10.6

Verify the calibration curve after a maximum of ten samples and at
the end of each day's analyses. Analyze calibration standards at
the low and high ends of the working range.
If the routine
calibration checks do not meet the criteria described in Sect.
10.5, recalibrate the system and reanalyze all samples from the
last time the system was in control. Verify the new calibration
curve with the QCS according to Sect. 10.5 and reanalyze all
samples analyzed since the last time the system was in control.

10.7

Submit a FiE!ld Blank (FB) to the laboratory for every 20 samples.
The FB may consist of a water sample (Sect. 7.2) or a known
reference solution that approximates the concentration levels
characteristic of wet deposition.
The FB is poured into the
sampling vessel at the field site and undergoes identical
processing and analytical protocols as the wet deposition
sample(s). Use the analytical data obtained from the FB to
determine any contamination introduced in the field and laboratory
handling procedures. The data from the known reference solution
can be used to calculate a system precision and bias.

10.8

Prepare and analyze a laboratory spike of a wet deposition sample
according to the guidelines provided in ''Quality Assurance Manual
for Precipitation Measurement Systems" (14.7). Compare the results
obtained from the spiked sample to that obtained from an identical
sample to which no spike was added. Use these data to determine
percent recovery as described in Sect. 10.2.3.

10.9

Participation in performance evaluation studies is recommended for
wet deposition chemistry laboratories. The samples used for these
performance audits should contain the analytes of interest at
concentrations within the normal working range of the method. The
true values are unknown to the analyst.
Performance evaluation
studies for wet deposition chemistry laboratories are conducted
semiannually by the USEPA Performance Evaluation Branch, Quality
Assurance Division, Research Triangle Park, NC 27711.

PROCEDURE
11.1

Prepare all standards and bring solutions and samples to ambient
temperature (+1°c).

11.2

Check electrode slope each day according to Sect. 9.5 and construct
a calibration curve according to Sect. 9.6.

11.3

After the c~libration curve is established, analyze the QCS.
If
the measured value for the QCS is not within the specified limits
(Sect. 10.2.2), refer to Sect. 10.5.
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11.4

12.

SAMPLE ANALYSIS
11.4.1

Rinse the sample cup with three changes of water (Sect.
7.2). Dispense an aliquot of sample equivalent to that
used for the calibration standards. Add TISAB II in a 1:1
volumetric ratio and allow the solution to equilibrate for
at least 15 minutes.

11.4.2

Rinse the electrode(s) with three changes of water (Sect.
7.2) or with a flowing stream from a wash bottle.
Blot dry
with a clean, absorbent laboratory tiss~e.
Imr.ierse the
clean electrode(s) into the sample and observe the meter
reading while mixing. When the reading is steady within
+0.01 mg/Lor 0.1 mV (depending on the type of meter
used) for 30 seconds, record the meas~rement.

11.5

TISAB to sample volume ratios of 1:10 have been used successfully
for the determination of fluoride in wet deposition samples (14.9).
T~e smaller volume of TISAB used in this procedure provides
increased method sensitivity for low level analyses.

11.6

Response times for the electrode assembly may be shortened by
preconditioning the electrode(s) (14.10).
Immerse the clean
eJectrode(s) into a ~ortion of the wet deposition sample to be
analyzed, allow the system to equilibrate for approximately three
minutes, and remove the electrode.
Insert the electrode(s)
directly into a second portion of sample and record the reading
when the system is stabilized according to Sect. 11.4.2. This
procedure, however, is limited by the a~ount cf wet deposition
sample available.

11.7

If the concentratior. of fluoride in a sample exceeds the working
range of the system, dilute t~e sample with zero standard and
reanalyze.

CALCULATIONS
12.1

Calculate a linear least squares fit of the standard concentration
as a function of the ~easured concentration.
The linear least
squares equation is ex~ressPd a~ follows:
y=B

c

+Bx
l

star.dare concentration in mg/L
concentration measured
y-in:ercept calculated from: y
slope calculated from:
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I
i=l

(x.
l

- xi

2

x

mean of concentration measured
mean of standard concentrations
n = number of samples

y

The correlation coefficient should be 0.9990 or greater.
Determine
the concentration of fluoride from the calibration curve.
12.2

If the relationship between standard and measured concentration is
nonlinear, a second degree polynomial least squares equation can be
used to derive an acceptable curve with a correlation >0.9990.
The second degree polynomial equation is expressed as follows:

A computer is necessary for the derivation of this function.
Determine the concentration of fluoride from the calibration curve.

13.

14.

12.3

An integration system may also be used to provide a direct readout
of the concentration of fluoride.

12.4

Report data in mg/Las F-.
Do not report data lower than the
lowest calibration standard.

PRECISION AND BIAS
13.1

The mean percent recovery and rnean bias of this method were
determined from the analysis of spiked wet de?osition samples
according to ASTM Standard Practice D4210, Annex A4 (14.8). The
results are summarized in Table 2.
A s~all but statistically
significant bias of -0.004 was determined at a spike concentration
of 0.027 mg/L.
No statistically significant bias was present at a
spike concentration of 0.082 mg/L.

13.2

Single-operator precision and bias were obtained from the analysis
of quality control check samples that approximated the levels
common to wet deposition samples.
These results reflect the
accuracy that can be expected when the method is used by a
competent operator.
These data are presented in Table 3.
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Table 1.

Values for 2.3026 RT/F at Different
Temperatures

Temoerature,
-o

2.3026 RT/F,

c

v

0
5

0.054
0.055
0.056
0.057
0.058
0.059
0.060
0.061
0.062
0.063

10

15
20
25
30
35
40
45

The above data were calculated using
a precise value of t~e logarithmic
conversion factor (2.302585) and values
of the fundamental constants.
F
R
T

96,487.0 C/eq
8.31433 J/K mol
0
273.15 + c
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Table 2.

Analyte

Fluoride

a.
b.

Single-Operator Precision and Bias for Fluoride
Determined from Analyte Spikes of Wet Deposition
Samples.

Amount
Added,
mg/L

a

Mean
Percent
Recovery

Mean
Bias,
mg/L

Standard
Deviation,
mg/L

Statistically
Significgnt
Bias?

n

0.027
0.082

10
10

87.1
98.3

-0.004
-0.001

0.003
0.003

Yes
No

Number of replicates
95% Confidence Level
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Table 3.

Single-Operator Precision and Bias for Fluoride
Determined from Quality Control Check Samples.a

Precision,
s,
RSD I
mg/L
%

Measured
Concentration,
mg/L

n

0.0112

0.0108

6

-0.0004

-3.6

0.0010

9.2

0.0560

0.0558

7

-0.0001

-0.2

0.0010

1.8

Theoretical
Concentration,
mg/L

b

Bias,
mg/L
%

------------------------------------------------------------------------------

a.
b.

Concentration values are significant to three decimal places.
Number of replicates
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1.

2.

SCOPE AND APPLICATION
1.1

This method is applicable to the measurement of ammonium i~ wet
deposition saMples using an ion-selective electrode as the sensor.

1.2

The term ''wet deposition" is used in
snow, dew, sleet, and hail.

1.3

The method detection limit (MDL) determined from replicate analyses
of a quality control check solution containing 0.17 mg/L ammonium is
0.05 mg/L.
The analyte concentration range over which this method is
applicable is 0.05-2.0C mg/Las NH +.
4

1.4

Figure 1 repr(~sents a cumulative frequency percentile ammonium
concentration plct obtained from analyses of over five thousand wet
deposition samples.
Tr.ese values may be used as an aid in the
selection of appropriate calibration standard concentrations.

thi~

method to designate rain,

SUMMARY OF METHOD
2.1

The pH of a sol~tion is adjusted to between 11 and 14 to convert
amr:lonium ion to am.~onia gas.
A gas sensing ion-selective electrode
approx~mates the concentration of ammonia in solution according to
the electrode potential that develops across the sensing membrane.
This potential is ~easured against a constant reference potential
according to ~he Nerns~ equation:
2.3026 RT

E

where:

E
E
Ro

T
F

E

0

nF

measured electrode potential
reference potential (a constant)
gas cor.stant
aosolu~e temperature (T(°C) + 273]
Faraday's constant
n~mber of elec~rons transferred
ffiolar concentration of a:nmonia in

sol~tion

Values of the factor 2.3026 RT/Fat different temperatures are
provided in T3ble 1. The meter and the ammonia electrode are
calibrated with standard ammonium solutions.
A calibration curve is
constructed from which the concentration of ammonium ion in a wet
deposition sa~ple is determined.
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3.

DEFINITIONS
3.1

4.

INTERFERENCES
4.1

5.

6.

For definitions of terms used in this method, refer to the glossary.
For an explanation cf t~e metric system including units, symbols, and
conversion factors see American Society for Testing and Materials
(ASTM) Standard E 380, "Metric Practices" (14.1).

Stirring rates that form a vortex will result in ammonia loss. A
stirring rate of approximately two revolutions per second is
recommended. Maintain a constant stirring rate throughout analyses
of all standards and samples.

SAFETY
5.1

The calibration standards, sample types, and most reagents used in
this method pose no hazard to the analyst.
Use a fume hood,
protective clothing, and safety glasses when handling sodium
hydroxide (Sect. 7.4).

5.2

Follow American Chemical Society guidelines regarding the safe
handling of c~enicals used in this ~ethod (14.2).

APPARATUS AND EQUIPMENT
6.1

SPECIFIC ION OR mV METER -- T~e meter must have a readability of
0.1 mV with an analog or digital display. A meter that has separate
calibraticn and s:ope adjustment features and is electrically
s~ielded to avoid interferences from s~ray currents or static charge
is necessary.
It may be powered by battery er by 110 VAC; if battery
pcwered, the meter must ~ave a battery check feature.

6.2

AM.~ONIA

6.3

STIRRIN~

6.4

THERMOMETER
Select a thermometer capable of being read to the
.
nearest 1 0 C and coveri~g
the range 0 0 - 400 C.

ION-SELECTIVE ELECTRODE -- Selec~ a gas-ser.sing ammonia
electrode containing a reference element wit~ a liquid internal filling
solution in contact with a hydrophobic gas-permeable membrane. Select
an electrode that has a concentratior. range of 0.05 to 2.00 ng/L
0
ammonium and a temperature range of 20 -3o c with a reproducibility
cf +2%. When ~ot in use, store the electrode according to
manufacturer's guidelines.
DEVICE (electric or water-driven) -- If an electric stirrer
is selected, leave an air gap or place an insulating pad between the
stirrer surface ar.d the solution container to prevent heating of the
sample.
Use a tetrafl~oroethyle~e (TFE)-coated stirring bar.
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6.5

7.

LABORATORY FACILITIES -- Laboratories used for the analysis of wet
deposition samples should be free from external sources of
contamination. The use of laminar flow clean air workstations is
recommended for sample processing and preparation to avoid the
introduction of airborne contaminants.
Samples should always
be capped or covered prior to analysis. A positive pressure
environment within the laboratory is also recommended to minimize the
introduction of external sources of contaminant gases and
particulates. Windows within the laboratory should be kept closed at
all times and sealed if air leaks are apparent. The use of
disposable tacky floor mats at the entrance to the laboratory is
helpful in reducing the particulate loading within the room.

REAGENTS AND CONSUMABLE MATERIALS
7.1

PURITY OF REAGENTS -- Use reagent grade chemicals for all solutions.
All reagents shall conform to the specifications of the Committee on
Analytical Reagents of the American Chemical Society (ACS), where
such specifications are available.

7.2

PURITY OF WATER -- Use water conforming to ASTM Specification D 1193,
Type II (14.3).
Point of use 0.2 micrometer filters are recommended
for all faucets supplying water to prevent the introduction of
bacteria and/or ion exchange resins into reagents, standard solutions,
and internally formulated quality control check solutions.

7.3

AMMONIUM SOLUTION, STOCK (1.0 mL = 1.0 mg NH ) -- The stock
4
solution may be purchased as a certified solution or prepared from
ACS reagent grade materials.
To prepare, dissolve 2.9654 g of
ammonium chloride (NH cl), dried at l05°c for 1 hour, in water
4
(Sect. 7.2) and dilute to 1 L.
The stock solution is stable for one
year when refrigerated at 4°c in a high density polyethylene or
polypropylene container.

7.4

SODIUM HYDROXIDE SOLUTION (2.0 N) -- Prepare a dilute sodium
hydroxide (NaCH) solution by dissolving 80.0 g of reagent grade
sodium hydroxide (NaOH) in water (Sect. 7.2) and diluting to l L.
Store at room temperature in a high density polyethylene or
polypropylene container for a period not exceeding one year.

7.5

SAMPLE CONTAINERS -- Use glass or polyolef in sample cups that have
been rinsed thoroughly with water (Sect. 7.2) before use.
To reduce
the opportunity for ammonia loss to the ambient atmosphere, select
sample containers designed to minimize the ratio of surface area to
sample volume.
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8.

SAMPLE COLLECTION, PRESERVATION AND STORAGE
8.1

Collect samples in high density polyethylene (HOPE) containers that
have been thoroughly rinsed with ASTM Type II water (7.2). Do not
use strong mineral acids or alkaline detergent solutions for cleaning
collection vessels. Residual acids may remain in the polyethylene
matrix and slowly leach back into the sample. Alkaline detergents
may also leave residues that may affect the sample chemistry. Cap
collection bottles after cleaning to prevent contamination from
airborne contaminants; air dry collection buckets in a laminar flow
clean air workstation and wrap in polyethylene bags prior to use.
If
a laminar flow workstation is not available, pour out any residual
rinse water and bag the buckets immediately. Do not dry the bucket
interior by any method other than air drying in a laminar flow clean
air workstation.

8.2

The frequency of sample collection and the choice of sampler design
are dependent on the monitoring objectives.
In general, the use of
wet-only samplers is recommended to exclude dry deposition
contributions, minimize sample contamination, retard evaporation,
and enhance sample stability. Sample collection frequency may vary
from subevent to monthly sampling periods. Collection periods of
more than one week are not recommended since sample integrity may be
compromised by longer exposure periods.

8.3

The presence of microbial activity will affect the stability of
ammonium concentrations in wet deposition samples. Chemical
determinations should be made immediately after collection whenever
possible.
8.3.l

9.

Filtration of samples through a 0.45 micrometer membrane
leached with water (Sect. 7.2) is partially effective at
stabilizing ammonium by removal of biologically active
species.
Refrigeration after immediate filtration is the most
reliable method to ensure sample integrity (14.4).
Sample
storage time should not exceed one week.

CALIBRATION AND STANDARDIZATION
9.1

Turn on the meter and allow it to warm up thoroughly according to the
manufacturer's instructions.
If an ion selective meter is used, set
the function switch to detect monovalent anions.

9.2

If necessary, add filling solution to the electrode before using. To
improve electrode response at low concentrations, prepare a 1:10
dilution of the internal filling solution by adding l mL of solution
to 10 mL of water (Sect. 7.2) (14.5). Maintain the filling solution
level at least one inch above the level of the sample surf ace to
ensure proper elec~rolyte flow rate.
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9.3

Bring all standards and samples to ambient temperature before
beginning any analyses.
Maintain samples and standard solutions
within +1°c of each other and maintain operating temperatures of
25 ~ 2°C during analyses to minimize ammonia loss from solutions.
The absolute potential of the reference element changes slowly with
temperature because of the solubility equilibrium upon which the
electrode depends.
The slope of the ammonia electrode also varies
with temperatur-e as indicated in the Nernst equation in Sect. 2.1.

9.4

CALIBRATION SOLUTIONS

9.5

9.4.1

Five calibration solutions and one zero standard ar~ needed to
generate a suitable calibration curve.
The lowest calibration
solution should contain ammonium at a concentration greater
than or equal to the method detection limit.
The highest
solution should approach the expected upper limit of
concentration of ammonium in wet deposition.
Prepare the
remaining solutions such that they evenly encompass the
concentration range.
Suggested calibration standards for
ammonium are as follows:
zero, 0.05, 0.50, 1.00, 1.50, and
2.00 mg/Las NH +.
4

9.4.2

Prepare all calibration standards by diluting the stock
standard (Sect. 7.3) with water (Sect. 7.2).
Use glass
(Class A) or plastic pipettes that are within the bias and
precision tolerances specified by the manufacturer.
The
standards are stable for one week when refrigerated at 4°c
in high density polyethylene or polypropylene containers.

ELECTRODE SLOPE -- Check the electrode slope daily before any
analyses are p1~rformed.
C.:se two ammonium solutions that differ from
one another in concentration by a factor of ten and are within the
range of subsequent ammonium analyses.
Suitable solutions to be used
for this procedure are the 0.20 and 2.00 mg/L calibration standards
prepared in Sect. 9.4.1.
9.5.1

Rinse the electrode and the sample cup with three changes of
water (Sect. 7.2) or with a flowing stream from a wash bottle.
Immerse the electrode into the 0.20 mg/L calibration standard.
Add 1 mL of NaOH solution to 15 mL of standard solution.
Stir
the solution while maintaining a stirring rate of
approximately 2 rps throughout the analysis.
Allow t!'le
electrode to stabilize for two minutes.
Adjust the
calibra-::ion control until the display reads "1" if a specific
ion met1~r is used or until the display reads 000.0 if a mV
meter i:; used.
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9.6

10.

9.5.2

Rinse the electrode, add an equal volume aliquot of 2.00 mg/L
standard to the sample cup, add 1 mL of NaOH, and stir as
directed in Sect. 9.5.1. Allow the electrode to equilibrate
for two minutes.
If a mV meter is used, correct electrode
operation is indicated by a reading of -57 + 3 mV.
If a
specific ion meter is used, use the slope adjustment feature to
set the display to read "10".

9.5.3

If the slope is not within the acceptable range indicated in
Sect. 9.5.2, refer to the electrode instruction manual for
corrective action.

CALIBRATION CURVE
9.6.1

Rinse the electrode and the sample cup with three changes of
water (Sect. 7.2) or with a flowing stream from a wash bottle.
Immerse the electrode into the zero standard. Add the NaOH
solution (1 mL of NaOH:l5 mL standard) to adjust the pH of the
solution to between 11 and 14. Stir the solution and maintain
a stirring rate of approximately 2 rps throughout the
analysis.
Allow sufficient time for the reading to remain
steady within ~0.01 mg/L or 0.1 mV (depending on the meter
used) for 30 seconds. When the meter reading is stable,
record the measurement.

9.6.2

Rinse the electrode. Analyze the remaining standards in order
of increasing ammonium concentration, measuring the most
concentrated standard last.
Rinse the electrode between
standards. Construct a calibration curve according to
Sect. 12.

9.6.3

Verify the calibration curve after every ten samples and at
the end of each day's analyses according to Sect. 10.6.

QUALITY CONTROL
10.1

Each laboratory using this method should develop formalized quality
control protocols to continually monitor the bias and precision of
all measurements. These protocols are required to ensure that the
measurement system is in a state of statistical control. Estimates
of bias and precision for wet deposition analyses cannot be made
unless these control procedures are followed.
Detailed guidelines
for the development of quality assurance and quality control
protocols for wet deposition measurement systems are published in a
manual available from the United States Environmental Protection
Agency, Research Triangle Park, NC 27711 (14.6).
Included in this
manual are procedures for the development of statistical control
charts for use in monitoring bias and precision as well as
recommendations for the introduction of reagent blanks, laboratory
duplicates, field duplicates, spike samples, and performance
evaluation samples. These guidelines are to be used by all
laboratories involved with wet deposition measurements.
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10.2

ESTABLISHMEN1' OF WARNING AND CONTROL LIMITS -- Warning and control
limits are used to monitor drift in the calibration curve, analyses
of quality control check samples (QCS), and measured recoveries
from laboratory spikes.
10.2.1

Calibration Curve -- After a calibration curve has been
constructed according to Sect. 12, reanalyze additional
aliquots of the low and high concentration standards.
Calculate the concentrations using the previously derived
calibration curve.
Repeat this procedure until at least
ten determinations at each concentration level have been
made.
These data should be collected on ten different days
to provide a realistic estimate of the method variability.
Calculate a standard deviation {s) at each concentration
level.
Use the nominal standard concentration as the mean
value (x) for determining the control limits.
A warning
limit of x + 2s and a control limit of x + 3s should be
used.
Reestablish these limits whenever instrumental
operating conditions change.

10.2.2

Quality Control Check Samples (QCS) -- Calculate warning
and control limits for QCS solutions from a minimum of ten
analyses performed on ten days. Use the calculated
standard deviation (s) to develop the limits as described
in Sect. 10.2.1. Use the certified or NBS traceable
concentration as the mean (target) value.
Constant
positive or negative measurements with respect to the true
value are indicative of a met~od or procedural bias.
Utilize the data obtained from QCS measurements as in Sect.
10.5 to determine when the measurement system is out of
statistical control. The standard deviations used to
generate the QCS control limits should be comparable to the
single operator precision reported in Table J.
Reestablish
new warning and control limits whenever instrumental
operating conditions are varied or QCS concentrations are
changed.

10.2.3

Laboratory Spike Solutions -- A minimum of ten analyte
spikes of wet deposition samples is required to develop a
preliminary data base for the calculation of warning and
control limits for spike recovery data.
Select the spike
concentration such that the working range of the method
will not be exceeded.
Samples selected for the initial
spike recovery study should represent the concentration
range common to wet deposition samples in order to reliably
estimate the method accuracy. Calculate a mean and
standard deviation of the percent recovery data using the
formulas provided in the glossary.
Determine warning and
control limits using .:_2s and .:_3s, respectively.
If
the data indicate that no significant method bias exists
(14.7), the 100 percent recovery is used as the mean
percent recovery.
Where a significant bias is determined
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at the 95% confidence level, the control limits are
centered around the bias estimate.
Routine spiked sample
analyses that yield percent recovery data outside of the
control limits are an indication of matrix interferences
that should be resolved before routine analyses are
continued.
10.2.4

All warning and control limits should be reevaluated on a
continual basis as additional data are collected during
routine analyses.
The limits should be broadened or
narrowed if a recalculated standard deviation under similar
operating conditions provides a different estimate of the
procedure variability.

10.3

Monitor the cleaning procedure by pouring a volume of deionized
water that approximates the median sample size into the collection
vessel. Allow the water to remain in the sealed or capped
collection container for at least 24 hours and determine the
ammonium concentration.
If the solution concentration exceeds the
MDL, a contamination problem is indicated in the cleaning
procedure. Take corrective action before the sampling containers
are used for the collection of wet deposition.

10.4

Electrodes used for the measurement of wet deposition samples
should not be used for other sample types.

10.5

Analyze a quality control check sample (QCS) after the meter and
electrode assembly have been calibrated. This sample may be
formulated in the laboratory or obtained from the National Bureau
of Standards (NBS Standard Reference Material 2694, Simulated
Rainwater) . Verify the accuracy of internally formulated QCS
solutions with an NBS traceable standard before acceptance as a
quality control check. The check sample(s) selected must be within
the range of the calibration standards and should approximate the
range of the samples to be analyzed.
If the measured value for the
QCS falls outside of the ~3s limits (Sect. 10.2.2), or if two
successive QCS checks are outside of the +2s limits, a problem is
indicated with the calibration procedure or the electrode/meter
assembly. Check the meter according to the manufacturer's
guidelines.
If an electrode problem is indicated, replace the
electrode.
Plot the data obtained from the QCS checks on a control
chart for routine assessments of bias and precision.

10.6

Verify the calibration curve after a maximum of ten samples and at
the end of each day's analyses. Ar.alyze calibration standards at
the low and high ends of the working range.
If the routine
calibration checks do not meet the criteria described in Sect.
10.5, recalibrate the system and reanalyze all samples from the
last time the system was in control. Verify the new calibration
curve with the QCS according to Sect. 10.5 and reanalyze all
samples analyzed since the last time the system was in control.
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11.

10.7

Submit a Field Blank (FB) to the laboratory for every 20 samples.
The FB may consist of a water sample (Sect. 7.2) or a known
reference solution that approximates the concentration levels
characteristic of wet deposition. The FB is poured into the
sampling vessel at the field site and undergoes identical
processing and analytical protocols as the wet deposition
sample(s). Use the analytical data obtained from the FB to
determine any contamination introduced in the field and laboratory
handling procedures. The data from the known reference solution
can be used to calculate a system precision and bias.

10.8

Prepare and analyze a laboratory spike of a wet deposition sample
standard according to the guidelines provided in "Quality Assurance
Manual for Pr.ecipitation Measurement Systems" (14.6). Compare the
results obtained from the spiked sample to that obtained from an
identical sample to which no spike was added. Use these data to
determine per.cent recovery as described in Sect. 10.2.3.

10.9

Participation in performance evaluation studies is recommended for
wet deposition chemistry laboratories. The samples used for these
performance audits should contain the analytes of interest at
concentrations within the normal working range of the method. The
true values are unknown to the analyst. Performance evaluation
studies for wet deposition chemistry laboratories are conducted
semiannually by the USEPA Performance Evaluation Branch, Quality
Assurance Division, Research Triangle Park, NC 27711.

PROCEDURE
11.1

Prepare all standards and bring solutions and samples to ambient
temperature (+1°cJ.

11.2

Check electrode slope each day according to Sect. 9.5 and construct
a calibration curve according to Sect. 9.6.

11.3

To minimize the loss of ammonia from the sample to the ambient
atmosphere, do not dispense the samples or standards until
immediately before measurement. Do not adjust the pH of the
solutions until the electrode is immersed in the sample.

11.4

After the calibration curve is established, analyze the QCS.
If
the measured value for the QCS is not within the specified limits
(Sect. 10.2.2), refer to Sect. 10.5.
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11.5

11.6

12.

SAMPLE ANALYSIS

11.5.1

Rinse the electrode and the sample cup with three changes
of water (Sect. 7.2) or with a flowing stream from a wash
bottle.

11.5.2

Measure ar. aliquot of sample equivalent to that used for
the calibration standards.
Immerse the clean electrode
into the sample and add NaOH (1 mL Na0H:l5 mL sample).
Stir the solution while maintaining a stirring rate of
approximately 2 rps throughout the analysis.
Allow
sufficient time for the reading to remain steady with{n
~0.01 mg/L or 0.1 mV (depending on the meter used)
for 30 seconds.
When the meter reading is stable, record
the measurement.

If the concentration of ammonium in a sample exceeds the working
range of the system, dilute the sample with zero standard and
reanalyze.

CALCULATIONS
12.l

Calculate a linear least squares fit of the standard concentration
as a function of the measured concentration.
The linear least
squares equation is expresse~ as follows:

where:

y
x
B
0
B
1

standard concentration in mg/L
concentration measured
y-1ntercep~ calculated from:
y
slope calculated from:

n

I
i=l

n
- yl/

- xl (y

(x

i

l

where:

I

B x
1

_)2
- x

(x

i=l

-

i

x

mear. of concentrations measured
~ean of standard concentrations
n = number of samples

y

The correlaticn coefficient should be 0.9990 or greater.
the concentration of ammonium from the calibratior. curve.
12.2

12.3

De~ermi~e

An integration system may also be used to provide a direct readout
of the concentration of ammonium.

.
+
.
Re9ort data in mg/L as NH
4
lowest calibration standard.

Do not report data lower than the
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13.

14.

PRECISION AND BIAS
13.1

The mean percent recovery and mean bias of this nethod were
determined from the analysis of spiked wet deposition samples
according to ASTM Standard Practice D4210, Annex A4 (14.7). The
results are :;ummarized in Table 2. A small but statistically
significant bias of 0.05 mg/L was determir.ed at a spike
concentration of 0.25 mg/L. No statistically significant bias was
present at a spike concentration of 0.10 mg/L.

13.2

Single-operator precision and bias were obtained from the analysis
of quality control check samples that approximated the levels
common to wet deposition samples. These results reflect the
accuracy that can be expected when the me~hod is used by a
competent operator. These data are presented in Table 3.
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Precipi~ation

Table l.

Values for 2.3026 RT/F at Different
Temperatures.

Temperature,

oc

2.3026 RT/F,

v

0.054
0.055
0.056
0.057
0.058
0.059
0.060
0.061
0.062
0.063

0
5
10
15
20
25

JO
35
40
45

The above data were calculated using
a precise value of the logarithmic
conversion factor (2.302585) and values
of the fundamental constants.
F
R
T

96,487.0 C/eq
8.31433 J/K mol
0
273.15 + c
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Sinqle-Operator Precision and Bias for Ammonium
Det1~rmined from Analyte Spikes of Wet Deposition Samples.

Table 2.

Analyte

Ammonium

a.
b.

Amount
Added,
mg/L

0.10
0.25

Mean
Percent
Recovery

Mean
Bias,
mg/L

10

125.0

8

119. 0

0.02
0.05

n

a

Number of replicates
95% Confidence Level
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Standard
Deviation,
mg/L

0.02
0.01

Statistically
Significgnt
Bias?

No
Yes

Table 3.

Theoretical
Concentration,
mg/L

a.

Single-Operator Bias and Precision for Ammonium
Determined from Quality Control Check Samples.

Measured
Concentration,
rng/L

n

a

Bias,
mg/L

%

Precision,
s,
RSD,
mg/L
%

0.18

0.17

12

-0.01

-5.6

0.018

10.6

0.39

0.38

12

-0.01

-2.6

0.025

6.6

Number of replicates
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Figure 1.

Percentile Concentration Values Obtained from
Wet Deposition Samples: Ammonium
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1.

2.

SCOPE AND APPLICATION
1.1

This method i~; applicable to the automated colorimetric determination
of ammonium in wet deposition samples by reaction with phe:iate.

1.2

The term "wet deposition" is used in this method to designate rain,
snow, dew, sleet, and hail.

1.3

The method detection limit (MDL) determined from replicate analyses
of a calibration standard containir.g 0.10 mg/L alilIT\onium is 0.03 mg/L.
The concentration range of this method is 0.03-2.00 mg/Las NH +.
4

1.4

Figure 1 represents a cumulative frequency percentile ammonium
cor.centration plot obtained from analyses of over five thousand wet
deposition san~les.
These data may be used as an aid in :he
selection of dppropriate calibration standard concentrations.

SLl:-lMARY OF METHOD
2.1

A sample is introduced into the auto~ated analyzer ar.d mixed with a
complexi:ig recgent to prevent the formation of hydroxide
precipi:ates.
This solution is then mixed with alkaline phenol and
hypochlorite to form an indophenol blue complex.
The blue color is
0
intensified wit~ the addition of sodium nitroprusside.
A so c
controlled te:uperature heating bath is used to increase the rate of
color formation.
After color development, a flowcell receives the
sol:..ition for r.ieasurement of the color inte:isity.
A light beam of the
wavelength chcracteristic of the indophenol complex is passed through
the solution.
The transmitted light energy measured by a photodetector
is a function of the ccncentratior. of alilIT\onium ion in the sample.
Beer's Law is used to relate the measured transmittance to
concentration:
log ( l/T)
where:

abc

T
transmittance
a = at.sorp:i vi ty
b
l~ngth cf light path
c = concentration of absorbir.g species

(mg/LI

A calibration curve is constructed usir.g standard solutions
containing knc·wn concentrations of amr:ior.ium.
From this curve, the
concentration of ammonium in a wet deposition sample is determined.
3.

DEFINITIONS
3.1

COLORIMETRY -- the measurement of light transmitted by a colored
complex as a :ur.ction of concentratio:i.

3.2

For definitio~s of other terms used in these methods, refer to the
glossary.
For an explanation of the metric system including units,
symbols, ar.d c·onversion factors see American Society for Testing and
Maten.al.s (ASTM) Standard E 380, "Metric Practices" (14.1).
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4.

5.

6.

INTERFERENCES
4.1

Sample color absorbing in the wavelength range of 620-640 nm will
increase the measured concentration of ammonium in the sample. Wet
deposition samples are generally colorless, therefore, this type of
interference is rare.

4.2

Elevated concentrations of ammonia in the laboratory will result in
a positive interference.

SAFETY
5.1

The calibration standards, sample types and most reagents used in
this method pose no hazard to the analyst.
Use a fume hood,
protective clothing, and safety glasses when handling concentrated
sulfuric acid (Sect. 7.5).

5.2

Use a fume hood when preparing the alkaline phenol (Sect. 7.3).
Vapors produced by this reagent are hazardous. Anytime this solution
is handled, wear gloves and safety goggles and avoid all skin contact
with the phenol.

5.3

Follow American Chemical Society guidelines regarding the safe
handling of chemicals used in this method (14.2).

APPARATUS AND EQUIPMENT
6.1

AUTOMATED COLORIMETRIC INSTRUMENT -- Select and assemble an
analytical system consisting of the following:
6.1.l

Sampler.

6.1.2

Proportioning Pump.

6.1.3

Analytical Cartridge.

6.1.4

Heating Bath (50°c) equipped with an 8 mL capacity glass
heating coil.

6.1.5

Colorimeter
colorimeter
sensitivity
adequate to

6.1.6

Strip Chart Recorder

6.1.7

Printer (optional).

with a 630 nm wavelength setting.
Ensure that the
is equipped with photodetectors having maximum
at this wavelength setting. A 15 mm flow cell is
achieve the MDL stated in Sect. 1.3.
(or other data acquisition device).
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7.

6.2

Wherever possib~e, use glass transmission lines with an inside
diameter of 1.8~i rrun (0.073 inches) in the analytical cartridge and
colorimeter. Glass yields a more uniform sample flow and does not
degrade as quickly as other tubing materials. When connecting two
glass lines, ensure that the ends are abutted. To minimize pulsing
of the analytical stream, maintain uniform inside diameter throughout
all transmission tubing.
Minimize the length of all transmission
tubing to optim~ze t~e performance of the hydraulic system.

6.3

Enclose the sampler with a dust cover to prevent contamination.

6.4

To prevent the intake of any precipitates from the reagents, install
i~take filters at the end of the transmission lines that are used to
transport the r•=agents from their respective containers to the
proportioning pump.

6.5

LABORATORY FACILITIES -- Laboratories used for the analysis of
wet deposition 5amples should be free from external sources of
contamination. The use of laminar flow clean air workstations is
recommended for sample processing and preparation to avoid the
introduction of airborne contaminants. Samples should always be
capped or covered prior to analysis. A positive pressure
environment within the laboratory is also recommended to minimize
the introduction of external sources of contaminant gases and
particulates.
Windows within the laboratory should be kept closed
at all times and sealed if air leaks are apparent. The use of
disposable tacky flcor mats at the entrance to the laboratory is
helpful in reducing the par~iculate loading within the room.

REAGENTS AND CONSUMABLE MATERIALS
7.1

PURITY OF REAGENTS -- Use reagent grade chemicals for all solutions.
All reagents shall conform to the specifications of the Corrunittee on
Analytical Reagents of the American Chemical Society (ACS), where
such specifications are available.

7.2

PURITY OF WATEF -- Use water co~forming to ASTM Specification D
1193, Type II (14.3). Point of use 0.2 micrometer filters are
recomrr.ended for all faucets supplying water to prevent the
introduction of bacteria and/or ion exchange resins into reagents,
standard solutions, and internally formulated quality control check
solutions.

7.3

ALKALINE PHENOL -- Add 35 g of sodium hydroxide (NaOH) to 250 mL of
water (Sect. 7.2). Stir and cool. Slowly add 85 mL of 88% (w/w)
phenol solution. Dilute to 500 mL with water (Sect. 7.2) and add
0.25 mL Brij-3:i or another suitable wetting agent that is free from
ammonium. Refrigerate the solution at 4°C in an amber glass
container for a period not exceeding one week.
CAUTION: The vapors produced by the alkaline phenol solution are
hazardous.
Avoid all respiratory and skin contact with this reagent.
Refer to Sect. 5.2 for an explanation of necessary safety
precautions.
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8.

7.4

AMMONIUM SOLUTION, STOCK (1.0 mL = 1.0 mg NH ) -- Dissolve 2.9654 g
of anhydrous ammonium chloride (NH Cl), driej at 105°c for one
4
hour, in water (Sect. 7.2) and dilute to 1 L.
The stock solution is
stable for one year when stored at room temperature in a high density
polyethylene or polypropylene container.

7.5

COMPLEXING REAGENT -- Dissolve 33 g of potassium sodium tartrate
(l<NaC H o ·4H 0l and 24 g of sodium citrate ((HOC(COONa)CH COONa) •2H 0)
2
2
4 4 6
2
2
in 950 mL of water (Sect. 7.2). Add 2.5 mL of concentrated sulfuric
acid (H so , sp gr 1.84). Dilute to 1 L with water (Sect. 7.2)
2 4
and refrigerate at 4°C in a glass container.

7.6

SAMPLER RINSE WATER -- Add 0.5 mL Brij-35 or another suitable wetting
agent that is free from ammonium to 1 L of water (Sect. 7.2).

7.7

SODIUM HYPOCHLORITE SOLUTION (1. 75% w/v) -- Dilute 100 mL of 5.25% (w/v)
sodium hypochlorite (NaOCl) solution to 300 mL with water (Sect. 7.2).
Prepare this solution fresh daily and store at room temperature in a
high density polyethylene or polypropylene container. Commercial
bleach products containing about 5.25% (w/v) sodium hypochlorite may be
used.
Due to the instability of commercial bleaches, avoid storage
periods longer than six months.

7.8

SODIUM NITROPRUSSIDE SOLUTION (500 mg/L) -- Dissolve 0.5 g of sodium
nitroprusside (Na Fe(CN) NO•H 0) in water (Sect. 7.2) and
2
2
5
dilute to 1 L. Store at room temperature away from light in an amber
glass container.

7.9

SAMPLE CONTAINERS -- Use polyolefin sample cups or glass test tubes
that have been rinsed thoroughly with water (Sect. 7.2) before use.

SAMPLE COLLECTION, PRESERVATION AND STORAGE
8.1

Collect samples in high density polyethylene (HDPE) containers that
have been thoroughly rinsed with ASTM Type II water (7.2). Do not
use strong mineral acids or alkaline detergent solutions for cleaning
collection vessels.
Residual acids may remain in the polyethylene
matrix and slowly leach back into the sample.
Alkaline detergents
may also leave residues that may affect the sample chemistry. Cap
collection bottles after cleaning to prevent contamination from
airborne contaminants; air dry collection buckets in a laminar flow
clean air workstation and wrap in polyethylene bags prior to use.
If
a laminar flow workstation is not available, pour out any residual
rinse water and bag the buckets immediately. Do not dry the bucket
interior by any method other than air drying in a laminar flow clean
air workstation.
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8.2

The frequency of sample collection and the choice of sampler design
are dependent on the monitoring objectives.
In general, the use of
wet-only sample·rs is recommended to exclude dry deposition
contributions, minimize sample contamination, retard evaporatior.,
and enhance sample stability.
Sample collection frequency may vary
from subevent to monthly sampling periods. Collection periods of
r.10re than one week are not recor:unended since sample integrity may be
compromised by longer exposure periods.

8.3

The presence of microbial activity will affect the stability of
ammonium ion iD wet deposition samples. This instability generally
results in a decrease in ammoniun concentration. Measurements o:
+
NH
should be made immediately after sample collection.
Re~rigeration of samples at 4 8 C will minimize but not prevent a
decrease in the ammonium ion concentration.
8.3.1

9.

Filtration of samples through a 0.45 micrometer membrane
leac~ed with water (Sect. 7.2) followed by refrigeration at
4°C is the recommended preservation technique for ammonium
ion. Hc·lding times should not exceed seven days. Monitoring
of the filtration procedure is necessary to ensure that
samples are not contaminated by the me:nbrane or filtration
apparatcs.

CALIBRATION AND STANDARDIZATION
9.1

INSTRCMENT OPTIMIZATION
9.1.1

For a flow segmented system with a concentration range from
0.03-2.GO r.ig/L as ammonium, assemble the sampling and
analytical system as shown in F:gure 2.

9.1.2

Use flo~ rated polyvinyl chloride (PVC) or polyethy:ene pu~p
and transmission tubing ttroughout the sampling and analytical
system. Check the tubing for chemical buildup, splits,
cracks, and defornations before beginning each day's analysis.
Change fUmp tubes after 50 hours of operation. Change
transmission tubing after 100 hours of operation or when
uneven flow ?atterns are observed.

9.1.3

Optimize the tension of the pump tubes according to
nanufac-::urer's recomnendations.

9.1.4

0
Set the heating bat~ to so c.
Set tte wavelength of the
colorimeter to 630 n~. Allow the colorimeter and heating
bath to warm up for 30 minutes while pumping sampler rinse
water and reagents tr.rough the system.
After a stable
baseline has been obtained, adj~st the recorder to maximize
the full-scale respor:se.
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9.1.5

9.2

9.3

10.

Sample at a rate of 40 samples/hour with a 1:4 sample to
rinse ratio. This sampling rate provides good peak
separation. Adjust the colorimeter to maximize sensitivity
while minimizing instrument noise. Refer to the
manufacturer's recommendations.

CALIBRATION SOLUTIONS
9.2.l

Five calibration solutions and one zero standard are needed to
generate a suitable calibration curve. The lowest calibration
solution should contain ammonium at a concentration greater
than or equal to the method detection limit. The highest
solution should approach the expected upper limit of
concentration of ammonium in wet deposition. Prepare the
remaining solutions such that they are evenly distributed
throughout the concentration range. Suggested calibration
standards for ammonium are as follows:
zero, 0.03, 0.40,
+
0.75, 1.00, and 1.50 mg/Las NH .
4

9.2.2

Prepare all calibration standards by diluting the stock
standard (Sect. 7.4) with water (Sect. 7.2). Use glass
(Class A) or plastic pipettes that are within the bias and
precision tolerances specified by the manufacturer. Standards
with a concentration greater than 0.10 mg/L ammonium are
stable for one week if stored at room temperature in high
density polyethylene or polypropylene containers. Prepare
standards with 0.10 mg/L or less ammonium every day and store
at room temperature in high density polyethylene or
polypropylene containers.

CALIBRATION CURVE
9.3.1

Analyze the standard containing the highest concentration of
ammonium and adjust the colorimeter calibration control to
obtain full-scale deflection on the recorder.
Use the zero
standard to set the instrument baseline.
If a printer is
used, adjust it to read the correct concentration. Analyze
all the standards and construct a calibration curve according
to Sect. 12. After every 30 samples and at the end of each
day's analyses, reconstruct the entire calibration curve.

9.3.2

Verify the calibration curve after every ten samples and at
the end of each day's analyses according to Sect. 10.5.

QUALITY CONTROL
10.1

Each laboratory using this method should develop formalized quality
control protocols to continually monitor the bias and precision of
all measurements. These protocols are required to ensure that the
measurement system is in a state of statistical control. Estimates
of bias and precision for wet deposition analyses cannot be made
unless these control procedures are followed.
Detailed guidelines
for the development of quality assurance and quality control
protocols for wet deposition measurement systems are published in a
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manual available from the United States Environmental Protection
Agency, Research Triangle Park, NC 27711 (14.4).
Included in this
manual are procedures for the development of statistical control
charts for use in monitoring bias and precision as well as
recommendations for the introduction of reagent blanks, laboratory
duplicates, field duplicates, spike samples, and performance
evaluation samples. These guidelines are to be used by all
laboratories involved with wet deposition measurements!
10.2

ESTABLISHMENT OF WARNING AND CONTROL LIMITS -- Warning and control
limits are used to monitor drift in the calibration curve, analyses
of quality contra: check samples (QCS), and measured recoveries
from laboratory spikes.
10.2.1

Calibration Curve -- After a calibration curve has been
constructed according to Sect. 12, reanalyze additional
aliquots of the low and high concentration standards.
Calculate the concentrations using the previously derived
calibration curve.
Repeat this procedure until at least
ten determinations at each concentration level have been
made.
These data should be collected on ten different days
to provide a realistic estimate of the method variability.
Calculate a standard deviation (s) at each concentration
leveJ . Use the nominal standard concentration as the mean
value (~) for determining the control limits. A warning
limi~ of ~ + 2s and a control limit of i
+ 3s should be
used.
Reestablis~ these limits whenever instrumental
operating conditions change.

10.2.2

Qualj.ty Control Check Samples (QCS) -- Calculate warning
and control limits for QCS solutions from a minimum of ten
analyses performed on ten days. Use the calculated
standard deviation (s) at each QCS concentration level to
deve:.op the limits as described in Sect. 10.2.1. Use the
certi~ied or NBS traceable concentration as the mean
(target) value. Constant positive or negative measurements
with respect to the true value are indicative of a method
or procedural bias.
Utilize the data obtained from QCS
measurements as in Sect. 10.4 to determine when the
measurement system is out of statistical control. The
standard deviations used to generate the QCS control limits
should be comparable to the single operator precision
reported in Table 2.
Reestablish new warning and control
limits whenever instrumental operating conditions are
varied or QCS concent~ations are ctanged.

10.2.3

Laboratory Spike Solutions -- A minimum of ten analyte
spikes of wet deposition samples is required to develop a
prel~minary data base for the calculation of warning and
control limits for spike recovery data.
Select the spike
concentration such that the working range of the method
will not be exceeded. Samples selected for the initial
spike recovery study should represent the concentration
range common to wet deposition samples in order to reliably
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estimate the method accuracy. Calculate a mean and
standard deviation of the percent recovery data using the
formulas provided in the glossary.
Determine warning and
control limits using !2s and !3s, respectively.
If
the data indicate that no significant method bias exists
(14.5), the 100 percent recovery is used as the mean
percent recovery. Where a significant bias is determined
at the 95% confidence level, the control limits are
centered around the bias estimate.
Routine spiked sample
analyses that yield percent recovery data outside of the
control limits are an indication of matrix interferences
that should be resolved before routine analyses are
continued.
10.2.4

All warning and control limits should be reevaluated on a
continual basis as additional data are collected during
routine analyses.
The limits should be broadened or
narrowed if a recalculated standard deviation under similar
operating conditions provides a different estimate of the
procedure variability.

10.3

Monitor the cleaning procedure by pouring a volume of water (Sect.
7.2) that approximates the median sample size into the collection
vessel. Allow the water to remain in the sealed or capped
collection container for at least 24 hours and determine the
ammonium concentration.
If the solution concentration exceeds the
MDL, a contamination problem is indicated in the cleaning
procedure.
Take corrective action before the sampling containers
are used for the collection of wet deposition.

10.4

Analyze a quality control check sample (QCS) after the calibration
curve has been established. This sample may be formulated in the
laboratory or obtained from the National Bureau of Standards (NBS
Standard Reference Material 2694, Simulated Rainwater). Verify the
accuracy of internally formulated QCS solutions with an NBS
traceable standard before acceptance as a quality control check.
The check sample(s) selected must be within the range of the
calibration standards.
If the measured value for the QCS falls
outside of the +3s limits (Sect. 10.2.2), or if two successive
QCS checks are outside of the !2s limits, a problem is indicated
with the system or the calibration procedure. Corrective action
should be initiated to bring the results of the QCS within the
established control limits.
Plot the data obtained from the QCS
checks on a control chart for routine assessments of bias and
precision.

10.5

Verify the calibration curve after a maximum of ten samples and at
the end of each day's analyses. Analyze calibration standards at
the low and high ends of the working range.
If the routine
calibration checks do not meet the criteria described in Sect.
10.4, recalibrate the system and reanalyze all samples from the
last time the system was in control.
Verify the new calibration
curve with the QCS according to Sect. 10.4 and reanalyze all
samples measured since the last time the system was in control.
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11.

10.6

Submit a Field Blank (FB) to the laboratory for every 20 samples.
The FB may consist of a water sample (Sect. 7.2) -or a known
reference solution that approximates the concentration levels
characteristic of wet deposition.
The FB is poured into the
sampling vessel at the field site and undergoes identical
processing and analytical protocols as the wet deposition
sample(s).
Use the analytical data obtained from the FB to
determine any contamination introduced in the field and laboratory
handling procedures. The data from the known reference solution
can be used to calculate a system precision and bias.

10.7

Prepare and analyze a laboratory spike of a wet deposition sample
according to the guidelines provided in "Quality Assurance Manual
for Precipitation Measurement Systems" (14.4).
Compare the results
obtained from spiked samples to those obtained from identical
samples to which no spikes were added.
Use these data to monitor
the method percent recovery as described in Sect. 10.2.3.

10.8

Participation in performance evaluation studies is recommended for
wet deposition chemistry laboratories. The samples used for these
performance audits should contain the analytes of interest at
concentrations within the normal working range of the method. The
true values are unknown to the analyst.
Performance evaluation
studies for wet deposition chemistry laboratories are conducted .
semiannually by the USEPA Performance Evaluation Branch, Quality
Assurance Division, Research Triangle Park, NC 27711.

PROCEDURE
11.1

Optimize the instrument each day according to Sect. 9.1.

11.2

Prepare all standards and construct a calibration curve according
to Sect. 9.2 and 9.3.

11.3

After the calibration curve is established, analyze the QCS.
If
the measured value for the QCS is not within the specified limits
(Sect. 10.2.2), refer to Sect. 10.4.

11.4

Load the sampler tray and begin analysis.

11.5

If the peak height response exceeds the working range of the
system, dilute the sample with zero standard and reanalyze.

11.6

When analysis is complete, turn off the heating bath and rinse the
system with sampler rinse water (Sect. 7.6) for 15 minutes.
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12.

CALCULATIONS
12.1

Calculate a linear least squares fit of the standard cor.centration
as a function of the measured peak height.
The linear least
ssuares e~~ation is ex~resse~ as follows:

standard concentration in mg/L
peak height measured
y-ir.tercept calculated from: y
slope calculated from:

n

n

I ex
i=l

- illy. - Yl/ I
i

i
w~ere:

_)2

Ix

i=l

- a1 x

- x

i

x

mean of peak heights measured
of star.dard concentrations
n = number of samples

y

~ean

The correlation coefficient should be 0.9990 or greater. Determine
the concentration of ammonium from the calibration curve.
12.2

If the relationship between standard concentration and measured
peak height is nonlir.ear, use a second degree polynomial least
squares equation tc derive a ~urve with a correlation >0.9990.
The second degree polynomial equation is expressed as follows:

A computer is necessary for t~e derivation of this function.
Determine the concentratior. of ammonium frcm the calibration curve.

13.

12.3

An integration system may also be used to provide a direct readout
of the concer.tration of ammonium.

12.4

.
Report data ir. mg/Las NH
4
lowest calibratio~ star.dard.

+

Do not report data lower than the

PRECISION AND BIAS
13.1

The mean percent recovery ar.d mean bias of this method were
determined from the analysis of spiked wet deposition samples
according to ASTM Standard Practice D4210, Annex A4 (14.5). The
results are summarized in Table 1. No statistically significant
biases were found.

13.2

Single-operator precisior. and bias were obtained from the analysis
of ~uality control check samples that approximated t~e levels
co~~on to wet deposition samples.
These results reflect the
accuracy that can be ex~ected when the method is used by a
competent operator.
These data are presented in Table 2.
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Table 1.

Analyte

Ammonium

Single-Operator Precision and Bias for Ammonium
Determined from Analyte Spikes of Wet Deposition Samples.

Amount
Added,
mg/L

n

0.17
0.74

10

a

8

Mean
Percent
Recovery

100.0
103.4

Mean
Bias,
mg/L

-0.01
0.02

Standard
Deviation,
mg/L

0.01
0.03

Statistically
Significgnt
Bias?

No
No

-----------------------------------------------------------------------------a.
b.

Number of replicates
95% Confidence Level
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Table 2.

Theoretical
Concentration,
mg/L

Single-Operator Bias and Precision for Ammonium
Determined from Quality Control Check Samples.

Measured
Conce~ntration,

a

Bias,
mg/L
%

Precision,
s,
RSD,
mg/L
%

mg/L

n

0.19

0.18

215

-0.01

-5.3

0.02

11.1

0.36

0.36

82

0.00

0.0

0.02

5.6

0.98

(). 92

224

-0.06

-6.1

0.05

5.4

1. 22

1. 24

81

0.02

1.6

0.03

2.4

The above data were obtained from records of measurements made under the
direction of the NADP/NTN quality assurance program.
a.

Number of replicates
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Figure 1.

Percentile Concentration Values Obtained from
Wet Deposition Samples: Ammonium
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2.00

Figure 2.

Ammonium Sampling and Analytical
System -- Segmented Flow.

Pump Tube
Colors

c20 Turn
Mixing Coil

50° r.

Blu

~lu

Grn

Grn

Om

Orn

Red

Red

Blk

81k

Orn

Orn

0.42 alkaline
phenol

Blk

Blk

0.32 sodium
hypoch lori te

Orn

Orn

0.42 sodium
nitroprusside

2 _00 sampler
rinse
water

0.80 complexing
reagent

Sampling Rate:
40/hr
Sampling Volume:
0.13mL

air

Sample to Rinse Ratio:

Mixing Coil

HEATER

Flow Rate
(ml/min)

E~ _ ___

PROPORTIONING
PUMP

.,...__

___..

.C_O_L_O_R_IM_E-_.E_R_, _ _ _ _
630 om

-

-rCOROER
1

350.7-17

, :4
(18 second sample,
7 2 second rinse)

Method 353.6 -- Nitrate-Nitrite in Wet Deposition by
Automated Colorimetric Determination
using Cadmium Reduction

March 1986

Performing Laboratory:
Brigita
Susan R.
Carla Jo
Mark E.

Demir
Bachman
Brennan
Peden

Illinois State Water Survey
Analytical Chemistry Unit
2204 Grif:ith Drive
Champaign, Illincis 61820

Sponsoring Agency:
John D. Pfaff, Project Officer
Inorganic Analysis Section
Physical and Chemical Methods Branch
United States Environmental Protection Agency
Office of Research and Development
Environmental Monitoring and Support Laboratory
Cincinnati, Ohio 45268

353.6-1

INDEX

Section
Number
1
2
3
4

5
6
7

8
9

10
11
12
13
14

Subject
Scope and Application
summary of Method
Definitions
Interferences
Safety
Apparatus and Equipment
Reagents and Consumable Materials
Sample Collection, Preservation, and Storage
Calibration and Standardization
Quality Control
Procedure
Calculations
Precisior. and Bias
References

TABLES
l.
2.

Single-Operator Bias and Precision :or Nitrate-Nitrite Determined from
Analyte Spikes of Wet Deposition Samples.
Single-Operator Bias and Precision for Nitrate Determined from Quality
Control Check Samples.

FIGURES
1.
2.

Percentile Nitrate-Nitrite Concentration Values Obtained from Wet
Deposition Samples.
Nitrate-Nitrite Sampling and Analytical System -- Segmented Flow.

353.6-2

1.

2.

SCOPE AND APPLICATION
1.1

This method is applicable to the automated colorimetric measurement
of nitrate-nitrite in wet deposition samples by cadmillI'.l reductior..

1.2

The term "wet deposition" is used in this method to designate rain,
snow, dew, sleet, and hail.

1.3

The method detection limit (~L) determined from replicate analyses
of a calibration standard containing 0.10 mg/L nitrate is 0.02 mg/L.
The_analyte concer.tration rar.ge of this method is 0.02-5.00 mg/L as
r.o 3 .

1.4

Figure 1 represents a cumulative frequency percentile nitrate-nitrite
concentration plot obtained from analyses of over five thousand wet
deposition samples.
These data may be used as an aid in the
selection of 3ppropriate calibration standard concentrations.

SUMMARY OF METHOD
2.1

A filtered sample is mixed with ammonium chloride and introduced
into a copper-cadmium reduction column.
Nitrate ions are reduced to
nitrite ions 3nd mixed with a color reagent to form a reddish-purple
ccmplex.
Det~rmination of r.itrite alone can be conducted by
eliminating the reduction column.
The intensity of the color complex
is proportion3l to the concentration of nitrite in solution. After
color development, a flowcell receives the stream for measurement.
A
light beam of a wavelength characteristic of the color complex is
passed through the solution.
The light energy measured by a
p:iotocetector is a functior. of the concentration of nitrite ion in
the sample.
3eer's Law is used to relate the measured transmittance
to concentration:
log(l/Tl
where:

T
a
b

=

c =

abc

transmittance
a'osorp: i. vi ty
length of light path
c·:mcentra ti on of absorbir.g species

(r..g/L)

A calibration curve is constructed using standard solutions
cor.taining known concentrations of nitrate.
From this curve, the
concentration of nitrate-nitrite in a wet deposition sample is
determined.
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3.

4.

5.

DEFINITIONS
3.1

COLORIMETRY -- the measurement of light transmitted by a colored
complex as a function of concentration.

3.2

For definitions of other terms used in this method, refer to the
glossary.
For an explanation of the metric system including units,
symbols, and conversion factors see American Society for Testing and
Materials (ASTM) Standard E 380, "Metric Practices'' (14.1).

INTERFERENCES
4.1

Sample color absorbing in the wavelength range of 510-530 nm will
increase the measured concentration of nitrate-nitrite in the sample.
Wet deposition samples are generally colorless; therefore, this type
of interference is rare.
If color does cause a problem, however, a
sample not containing N-(1-naphthyl)ethylenediamine Dihydrochloride
can be analyzed and the measured concentration subtracted.

4.2

In this method, the volume of alkaline solution (NH Cl) used is 3.8
4
times that of the sample. This ensures that wet deposition samples
with pH's as low as 3.5 are easily neutralized by the alkaline
reagent and reduced properly in the cadmium column.

SAFETY
5.1

The calibration standards, sample types, and most reagents used in
this method pose no hazard to the analyst.
Use a fume hood,
protective clothing, and safety glasses when handling concentrated
hydrochloric acid (Sect. 7.8).

5.2

Use a fume hood when preparing the alkaline water (Sect. 7.3).
Vapors produced by this reagent are extremely irritating.

5.3

When preparing the cadmium reduction column (Sect. 11.l), use gloves,
safety glasses, protective clothing, and a fume hood. Cadmium
produces nephrotoxic effects; therefore, avoid all skin and
respiratory contact (14.2).
CAUTION:
When discarding cadmium waste, store in a tightly sealed
container for later disposal at a hazardous waste treatment/storage
facility.

5.4

Follow American Chemical Society guidelines regarding safe handling
of chemicals used in this method (14.3).
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6.

APPARATUS AND EQUIPMENT
6.1

AUTOMATED COLORIMETRIC INSTRUMENT -- Select and assemble an
analytical system consisting of the following:
6 .1.1

Sampler.

6.1.2

Proport~oning

6.1.3

Analytical Cartridge.
6.1.3.1

Pump.

Reduction column -- Use glass or flexible polyolefin
tubing having a length of 36 cm with an inside
diameter of 2.29 mm (0.09 inches).
Prepare the
reduction column according to the procedure in
Sect. 11.1.

6.1.4

Colorimeter
colorimeter
sensitivity
adequate to

with a 520 nm wavelength setting. Ensure that tne
is equipped with photodetectors having maximum
at this wavelength setting. A 15 mm flow cell is
achieve the MDL stated in Sect. 1.3.

6.1.5

Strip Chart Recorder (or other data acquisiton device).

6.1.6

Printer (optional).

6.3

Wherever possible, use glass transmission lines with an inside
diameter of 1.fl5 mm (0.073 inches) in the analytical cartridge and
colorimeter. Glass yields a more uni:orm sample flow and does not
degrade as quickly as other tubing materials. When connecting two
glass lines, ensure that the lines are abutted. To minimize sample
pulsing, maintain u~iform inside diameter throughout all transmission
tubing.
Minimize the length of all transmission tubing to optimize
the performance of the hydraulic system.

6.4

Enclose the sampler with a dust cover to prevent contamination.

6.5

To preve~t the intake of any precipitates from the reagents, install
intake filters at the end of the transmission lines that are used to
transport the reagents from their respective containers ~o the
proportioning pump.

6.6

LABORATORY FACILITIES -- Laboratories used for the analysis of
wet deposition samples should be :ree from external sources of
contamination. The use of laminar flow clean air workstations is
recommended for sample processing and preparation to avoid the
introduction of airborne contaminants. Samples should always be
capped or covered prior to analysis.
A positive pressure
environment within the laboratory is also recommended to minimize
the introduction of external sources of contaminant gases and
particulates. Windows within the laboratory should be kept closed
at all times and sealed if air leaks are apparent. The use of
disposable tacky floor mats at the entrance to the laboratory is
helpful in reducing the par~iculate loading within the room.
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7.

REAGENTS AND CONSUMABLE MATERIALS
7.1

PURITY OF REAGENTS -- Use reagent grade chemicals for all solutions.
All reagents shall conform to the specifications of the Committee on
Analytical Reagents of the American Chemical Society (ACS), where
such specifications are available.

7.2

PURITY OF WATER -- Use water conforming to ASTM Specification D
1193, Type II (14.4). Point of use 0.2 micrometer filters are
recommended for all faucets supplying water to prevent. the
introduction of bacteria and/or ion exchange resins into reagents,
standard solutions, and internally formulated quality control check
solutions.

7.3

ALKALINE WATER (pH 10.0) -- Add 1.8 mL of ammonium hydroxide
(NH 0H) to water (Sect. 7.2) and dilute to 1 L.
Store at room
4
temperature in a polyolefin container.

CAUTION:
Refer to Sect. 5.2 for precautions when preparing this
reagent since it produces irritating vapors.
7.4

AMMONIUM CHLORIDE REAGENT (pH 8.5) -- Dissolve 10 g of ammonium
chloride (NH Cl) in alkaline water (Sect. 7.3) and dilute to 1 L.
4
Add 0.5 mL of a wetting agent that does not contain nitrate-nitrite,
such as Brij-35.

7.5

CADMIUM -- 40 mesh, coarse granules, 99% pure.

CAUTION:
Follow the precautions in Sect. 5.3 to avoid all skin and
respiratory contact with the granules.
7.6

COLOR REAGENT -- Add 100 mL of concentrated phosphoric acid
(H Po sp gr 1.71), 10 g of sulfanilamide (C H N o s), and 0.50 g of
3 4
6 8
2
N-(1-Naphthyl)-ethylenediamine Dihydrochloride
H N •2HC1)
12 14 2
to 800 mL of water (Sect. 7.2) and dilute to 1 L.
Add 0.5 mL
of a wetting agent that does not contain nitrate-nitrite, such
as Brij-35. This solution is stable for one month when refrigerated
at 4°c in an amber glass or polyolefin container.
Allow the
color reagent to reach ambient temperature before use.

(C

7.7

COPPER SULFATE SOLUTION (4.00 g/L) -- Dissolve 2.00 g of copper
sulfate pentahydrate (CuSO ·5H o) in water (Sect. 7.2) and
2
dilute to 500 mL.
This soiution is stable for two months when
stored at room temperature in a glass or polyolefin container.

7.8

HYDROCHLORIC ACID (1.0 N) -- Add 83.0 mL of concentrated hydrochloric
acid (HCl, sp gr 1.19) to 900 mL of water (Sect. 7.2) and dilute to

1 L.
7.9

NITRATE SOLUTION, STOCK (1.0 mL = 1.0 mg N0 )
3
of sodium nitrate (NaN0 ), dried at 105 C for
3
(Sect. 7.2) and dilute to l L.
This solution
when stored at room temperature in a glass or
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-- Dissolve 1.3707 g
one hour, in water
is stable for one year
polyolefin container.

7.10

SAMPLER RINSE WATER -- Add 0.5 mL of a wetting agent that does not
contain nitrate-nitrite, such as Brij-35, to 1 L of water (Sect.
7. 2) •

7.11

8.

SAMPLE CONTAINERS -- Use polyolefin sample cups or glass test tubes
that have been rinsed thoroughly with water (Sect. 7.2) before use.

SAMPLE COLLECTION, ?RESERVATION AND STORAGE
8.1

Collect samples in high density polyethylene (HOPE) containers that
have been thoroughly rinsed with ASTM Type II water 17.2). Do not
use strong mineral acids or alkaline detergent solutions for cleaning
collection vessels.
Residual acids may remain in the polyethylene
matrix and slo~ly leach back into the sample. Alkaline detergents
may also leave residues that may affect the sample chemistry. Cap
collection bottles after cleaning to prevent contamination from
airborne conta~inants; air dry collection buckets in a laminar flow
clean air workstation and wrap in polyethylene bags prior to use.
If
a laminar flow workstation is not available, pour out any residual
rinse water and bag the buckets immediately. Do not dry the bucket
interior by any method other than air drying in a laminar flow clean
air workstation.

8.2

The frequency of sample collection and the choice of sampler design
are dependent on the monitoring objectives.
In general, the use of
wet-only samplers is recommended to exclude dry deposition
contributions, minimize sample contamination, retard evaporation,
and enhance sample stability. Sample collection frequency may vary
from subevent to monthly sampling periods. Collection periods of
more than one ·tJeek are not recommended since sample integrity may be
compromised by longer exposure periods.

8.3

The presence of microbial activity will affect the stability of
nitrate concentrations in wet deposition samples. Sample
measurements should be made immediately after collection whenever
possible. The biological conversion of NH and nitrite IN0 1 to
2
4
nitrate after sample collection can be minimized by storing samples
at 4°c prior t~ analysis.
8.3.1

Filtration of samples through a 0.45 micrometer membrane
leached with water (Sect. 7.2) is partially effective at
stabilizing nitrate by removal of biological species.
Refrigeration after immediate filtration is the most reliable
method to ensure sample integrity (14.5). Sample storage
time should not exceed one week.
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9.

CALIBRATION AND STANDARDIZATION
9.1

INSTRUMENT OPTIMIZATION
9.1.1

For a segmented flow system with a concentration range from
0.02-5.00 mg/L as nitrate-nitrite, assemble the sampling and
analytical system as shown in Figure 2.

9.1.2

Prepare and activate the reduction column according to Sect.
11.1.

9.2

9.1.3

Use flow rated polyvinyl chloride (PVC) or polyethylene pump
and trar.smission tubing throughout the sampling and analytical
system. Check the tubing for chemical buildup, splits,
cracks, and deformations before beginning each day's analysis.
Change pump tubes after 50 hours of operation.
Change
transmission tubes after 100 hours of operation or when uneven
flow patterns are observed.

9.1.4

Optimize the tension of the pump tubes according to the
manufacturer's recommendations.

9.1.5

Set the wavelength of the colorimeter to 520 run.
Allow the
colorimeter to warm up for 30 minutes while pumping sampler
rinse water (Sect. 7.10) and reagents through the system.
After a stable baseline has been obtained, adjust the recorder
to maximize the full-scale response.

9.1.6

Sample at a rate of 40 samples/hour with a 1:4 sample to rinse
ratio. This sampling rate provides good peak separation.
Adjust the colorimeter to maximize sensitivity while
minimizing instrument noise.
Refer to the manufacturer's
recommendations.

CALIBRATION SOLUTIONS
9.2.l

Five calibration solutions and one zero standard are needed to
generate a suitable calibration curve. The lowest calibration
solution should contain nitrate at a concentration greater
than or equal to the method detection limit. The highest
solution should approach the expected upper limit of
concentration of nitrate-nitrite in wet deposition. Prepare
the remaining solutions such t~at they are evenly distributed
throughout the concer.tration range. Suggested calibration
standards for nitrate-~itrite are as follows:
zero, 0.02,
.
1.25, 2.50, 3.75, and 5.00 mg/Las N0
3
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9.2.2

9. 3

10.

Prepare all calibration standards by diluting the stock
standard (Sect. 7.9) with water (Sect. 7.2).
Use glass
(Class i\) or plastic pipettes that are within the bias and
precision tolerances specified by the manufacturer.
Standards
with nitrate concentrations greater than 0.25 mg/L are stable
for one week when stored at room temperature in glass or
polyolef.in containers.
Prepare standards with 0.25 mg/L or
less of nitrate every day and store at room temperature in
glass or polyolefin containers.

CALIBRATION CUHVE
9.3.1

Analyze the standard containing the highest concentration of
nitrate and adjust the colorimeter calibration control to
obtain ~ull-scale deflection on the recorder.
Use the zero
standard to adjust the baseline.
If a printer is used, adjust
it to read the correct concentration.
Analyze all the
standards and construct a calibration curve according to
Sect. 12. After every 30 samples and at the end of each day's
analysei;, reconstruct the entire calibration curve.

9.3.2

Verify 1:he calibration curve after every ten samples and at
the end of each day's analyses according to Sect. 10.5.

QUALITY CONTROL
10.1

Each laboratory using this method should develop formalized quality
control protocols to continually monitor the bias and precision of
all measurements.
These protocols are required to ensure that the
measurement system is in a state of statistical control. Estimates
of bias and precision for wet deposition analyses cannot be made
unless these control procedures are followed.
Detailed guidelines
for the development of quality assurance and quality control
protocols for wet deposition measurement systems are published in a
manual avail<lble from the United States Environmental Protection
Agency, Resedrch Triangle Park, NC 27711 (14.6).
Included in this
manual are procedures ~or the development of statistical control
charts for use in ~onitoring bias and precision as well as
recommendations :or the introduction of reagent blanks, laboratory
duplicates, iield duplicates, spike samples, and performance
evaluation samples.
These guidelines are to be used by all
laboratories involved with wet deposition measurements.

10.2

ESTABLISHMENT OF WARNING AND CONTROL LIMITS -- Warning and control
limits are used to monitor drift in the calibration curve, analyses
of quality control check samples (QCS), and measured recoveries
from laboratory spikes.
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10.2.1

Calibration Curve -- After a calibration curve has been
constructed according to Sect. 12, reanalyze additional
aliquots of the low and high concentration standards.
Calculate the concentrations using the previously derived
calibration curve.
Repeat this procedure until at least
ten determinations at each concentration level have been
made.
These data should be collected on ten different days
to provide a realistic estimate of the method variability.
Calculate a standard deviation (s) at each concentration
level. Use the nominal standard concentration as the mean
value (x) for determining the control limits. A warning
limit of x + 2s and a control liffiit of x + 3s should be
used.
Reestablish these limits whenever instrumental
operating conditions change.

10.2.2

Quality Control Check Samples (QCS) -- Calculate warning
and control limits for QCS solutions from a minimum of ten
analyses performed on ten days. Use the calculated
standard deviation (s) at each QCS concentration level to
develop the limits as described in Sect. 10.2.1. Use the
certified or NBS traceable concentration as the mean
(target) value. Constant positive or negative measurements
with respect to the true value are indicative of a method
or procedural bias. Utilize the data obtained from QCS
measurements as in Sect. 10.4 to determine when the
measurement system is out of statistical control. The
standard deviations used to generate the QCS control limits
should be comparable to the single operator precision
reported in Table 2. Reestablish new warning and control
limits whenever instrumental operating conditions are
varied or QCS concentrations are changed.

10.2.3

Laboratory Spike Solutions -- A minimum of ten analyte
spikes of wet deposition samples is required to develop a
preliminary data base for the calculation of warning and
control limits for spike recovery data.
Select the spike
concentration such that the working range of the method
will not be exceeded. Samples selected for the initial
spike recovery study should represent t~e concentration
range common to wet deposition samples in order to reliably
estimate the method accuracy. Calculate a mean and
standard deviation of the percent recovery data using the
formulas provided in the glossary. Determine warning and
control limits using ~2s and ~3s, respectively.
If
the data indicate that no significant method bias exists
(14.7), the 100 percent recovery is used as the mean
percent recovery.
Where a significant bias is determined
at the 95% confidence level, the control limits are
centered around the bias estimate.
Routine spiked sample
analyses t~at yield percent recovery data outside of the
control limits are an indication of matrix interferences
that should be resolved before routine analyses are
continued.
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10.2.4

All warning and control limits should be reevaluated on a
continual basis as additional data are collected during
routine analyses. The limits should be broadened or
narrowed if a recalculated standard deviation under similar
operdting conditions provides a different estimate of the
proc8dure variability.

10.3

Monitor the cleaning procedure by pouring a volume of water (Sect.
7.2) that approximates the median sample size into the collection
vessel. Allow the water to remain in the sealed or capped
collection container for at least 24 hours and determine the
nitrate concentration.
If the solution concentration exceeds the
MDL, a contamination problem is indicated in the cleaning
procedure. Take corrective action before the sampling containers
are used for the collection of wet deposition.

10.4

Analyze a quality control check sample (QCS) after the calibration
curve has been established. This sample may be formulated in the
laboratory o:. obtained from the National Bureau of Standards (NBS
Standard Reference Material 2694, Simulated Rainwater). Verify the
accuracy of internally formulated QCS solutions with an NBS
traceable standard before acceptance as a quality control check.
The check sample(s) selected must be within the range of the
calibration standards.
If the measured value for the QCS falls
outside of the ~3s limits (Sect. 10.2.2), or if two successive
QCS checks ar.e outside of the ~2s limits, a problem is indicated
with the sys~em or the calibration procedure. Corrective action
should be initiated to bring the results of the QCS within the
established control limits. Plot the data obtained from the QCS
checks on a control chart for routine assessments of bias and
precision.

10.5

Verify the calibration curve after a maximum of ten samples and at
the end of edch day's a~alyses. Analyze calibration standards at
the low and high ends of the working range.
If the routine
calibration checks do not meet the criteria described in Sect.
10.4, recalibrate the system and reanalyze all samples from the
last time thE~ system was in control. Verify the new calibration
curve with the QCS according to Sect. 10.4 and reanalyze all
samples measured since the last time the system was in control.

10.6

Submit a Field Blank (FB) to the laboratory for every 20 samples.
The FB may consist of a water sample (Sect. 7.2) or a known
reference solution that approximates the concentration levels
characteristic of wet deposition. The FB is poured into the
sampling vessel at the field site and undergoes identical
processing and analytical protocols as the wet deposition
sample(s). Use the analytical data obtained from the FB to
determine an'.' contamination introduced in the field and laboratory
handling procedures. The data from the known reference solution
can be used ~o calculate a system precision and bias.

353.6-11

11.

10.7

Prepare and analyze a laboratory spike of a wet deposition sample
according to the guidelines provided in "Quality Assurance Manual
for Precipitation Measurement Systems" (14.6). Compare the results
obtained from spiked samples to those obtained from identical
samples to which no spikes were added. Use these data to monitor
the method percent recovery as described in Sect. 10.2.3.

10.8

Participation in performance evaluation studies is recommended for
wet deposition chemistry laboratories. The samples used for these
performance audits should contain the analytes of interest at
concentrations within the normal working range of the method. The
true values are unknown to the analyst.
Performance evaluation
studies for wet deposition chemistry laboratories are conducted
semiannually by the USEPA Performance Evaluation Branch, Quality
Assurance Division, Research Triangle Park, NC 27711.

PROCEDURE
11.1

REDUCTION COLUMN
11.1.1

Wash about 5 g of cadmium granules with five 10 mL aliquots
of 1.0 N HCl. Rinse with equal volumes of water (Sect.
7.2). The cadmium should be a silver color after cleaning.

11.1.2

Wash the cadmium with five 10 mL aliquots of cuso until
4
colloidal copper particles form and no blue color remains.
Wash the granules thoroughly with equal portions of water
(Sect. 7.2) to remove the colloidal copper. The cadmium
should appear black after cleaning.

11.l.3

Fill the column with water (Sect. 7.2). Add the prepared
cadmium to the column and plug the open ends with 80 mesh
teflon screen or glass wool.
Note: Do not allow air to enter the column or let the
cadmium become dry.
The presence of air bubbles reduces
column efficiency.
If air enters the column, repeat the
above procedure.

11.1.4

Fill all pump tubes with reagents before inserting the
column in the analytical stream to prevent the introduction
of air bubbles. Make sure no air is present in any of the
transmission lines leading to the column.

11.1.5

For initial activation of the column, continuously sample a
100 mg/L nitrate standard for five minutes.
Rinse with
sampler rinse water (sect. 7.10) for at least ten minutes.

11.2

A reduction column prepared according to Sect. 11.l should last for
300-400 samples.
The cadmium in the column can be reactivated and
used again to prepare a new column by repeating the procedure
outlined in Sect. 11.1.

11.3

Optimize the instrument each day according to Sect. 9.1.
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11.4

Prepare all standards and construct a calibration curve according
to Sects. 9.2 and 9.3.

11.5

After the calibratior. curve is established, analyze the QCS.
If
the measured value for the QCS is not within the specified limits
(Sect. 10.2.2), refer to Sect. 10.4.

11.6

Load the sampler tray and begir. analysis.

11.7

If the peak height response exceeds the workir.g range of the
dilute the sample with zero standard and reanalyze.

syste~,

11.8

12.

When analys~s is complete, rir.se the cadmium reduction column with
NH Cl for one minute, remove the reduction column, and seal each
4
end of the column tubing to avoid exposure of the cadmium to air.
Alternative:y, the system can be equipped with a switching valve to
allow the operator to take the column off-line.
Rinse the
remainder of the system with sampler rinse water (Sect. 7.10) for
30 minutes.

CALCULATIONS
12.1

Calculate a linear least squares fit of the standard concentration
as a function of the measured peak height.
The linear least
sq1..:ares equ<1tion is exrressed as follows:

where:

standard concentration in mg/L
peak height ~easured
y - B x
y-intercept calculated from:
1
slope calculated from:

n

n

I
i=l

(X

1

-

x) (y.

where:

-

1

y) I I
i=l

x
y
n

(x

i

_)2
- x

mean of peak heights measured
mean of standard concentraticr.s
number of sa~ples

The correlation coefficient should be 0.9990 or greater.
Determine
the concentration of nitrate-nitrite from the calibration curve.
12.2

If the relationship between standard conce~tration and measured
peak height is nonlinear, use a second degree polynomial least
squares equation to derive a curve with a correlation >0.9990.
The second degree polynomial equation is expressed as follows:

A computer is necessary for the derivation of t~is function.
Determine the concentration of nitrate-nitrite from the calibration
curve.
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13.

14.

12.3

An integration system may also be used to provide a direct readout
of the concentration of nitrate-nitrite.

12.4

If the concentration of nitrate alone is desired, determine the
content of nitrite in the samples by eliminatir.g the reduction
column from the system. Subtract the nitrite from the total
nitrate-nitrite concentration.

12.5

Report data in mg/L as N0 .
3
lowest calibration standard.

Do not report data lower than the

PRECISION AND BIAS
13.l

The mean percent recovery and mean bias of this method were
determined from the analysis of spiked wet deposition samples
according to ASTM Standard Practice D4210, Annex A4 (14.7). The
results are summarized ir. Table 1. No statistically significant
biases were found.

13.2

Single-operator precision and bias were obtained from the analysis
of quality control c~eck samples that approximated the levels
common to wet deposition samples. These results reflect the
accuracy that can be expected when the method is used by a
competent operator.
These data are presented in Table 2.
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"Practice :or Intralaboratory Quality Control Procedures and a
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Table 1.

Analyte

Nitrate

a.
b.

Single-Operator Precision and Bias for Nitrate-Nitrite
Determined from Analyte Spikes of Wet Deposition Samples.

Amount
Added,
rng/L

n

0.56
1. 21

9

94.5

10

96. 3

a

Mean
Percent
Recovery

Mean
Bias,
mg/L

-0.03
-0.04

Number of replicates
95% Confidence Level
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Standard
Deviation,
mg/L

0.03
0.03

Statistically
Significant
.
b
Bias?

No
No

Table 2.

Theoretical
Concentration,
mg/L

Single-Operator Precision and Bias for Nitrate
Determined from Quality Control Check Samples.

Measured
Concentration,
rng/L

n

a

Bias,
rng/L
%

Precision,
s,
RSD,
mg/L
%

0.62

0.63

88

0.01

1.6

0.02

3. 2

0.80

0.78

24

-0.02

-2.5

0.01

1. 3

3.17

3 .11

88

-0.06

-1.9

0.07

2.2

3.54

3.44

23

-0.10

-2.8

0.05

1. 4

The above data were obtained from records of measurements made under the
direction of the NADP/NTN quality assurance program.
a.

Number of repiicates
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Figure 1.

Percentile Concentration Values Obtained from
Wet Deposition Samples: Nitrate-Nitrite
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7.00

Figure 2.

Nitrate-Nitrite Sampling and Analytical
System -- Segmented Flow.
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Segmented Flow.

1.

SCOPE AND APPLICATION
1.1 This method is applicable to the automated colorimetric determination
of orthophosphate in wet deposition samples by ascorbic acid
reduction.
1.2

The term "wet deposition" is used in this method to designate rain,
snow, dew, sleet, and hail.

1.3

The method detection limit (MDL) determined from replicate ar.alyses
of a calibratLon standard containing 0.03 mg/L orthophosphate is
0.02 m2~L.
The concentration range of this ~ethod is 0.02-0.25 mg/L
as P0
.
4

1.4 The maximum concentration of phosphate observed from analyses of over
five thousand wet depositicn samples was 12.60 mg/L. Over 90% of the
samples, howe·1er, had phcsphate concentrations below the MDL.
2.

SUMMARY OF METHOD
2.1

A filtered sample is mixed with an acidified solution of ammonium
molybdate con<-aining ascorbic acid and antimony to form a
phosphomolybdi:num blue complex. The intP.nsity of the color complex
is proportionnl to the concentration of orthophosphate in solution.
The solution is pumped through a 37°c controlled temperature
heating bath.
A:ter color development, a flowcell receives the
stream for me,1surement.
A light beam of a wavelength characteristic
of the phosph~molybdenum blue complex is passed through the solution.
The light energy measured by a photodetector is a function of the
ccncentration of ort~ophosphate ion in the sample.
Beer's Law is
used to re lat!: the measured transmittance to concentration:
log ( l/T) = abc
where:

T
t~ansmittance
a = absorptivity
b
length of light path
c = concentration of absorbing species

(~g/L)

A calibration c~rve is constructed using standard solutior.s
containing known concentraticns of orthophosphate.
From this curve,
the concentra'-ion of crthophosphate in a wet deposition sample is
determined.
3.

DEFINITIONS
3.1

COLORIMETRY -- the measurement of light transmitted by a colored
complex as a :unction of concentration.

3.2

For definitions cf other terms used in these methods, refer to the
glossary.
FoY- an explanation of the metric system including units,
symbols, and <;onversion factors see Americari Society for Testing and
Materials (ASTM) Standard E 380, "Metric Practices" (14.1).
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4.

INTERFERENCES
4.1

5.

6.

Sample color absorbing in the wavelength range of 870-890 nm will
increase the measured concentration of orthophosphate in the sample.
Wet deposition samples are generally colorless, therefore, this type
of interference is rare.

SAFETY
5.1

The calibration standards, sample types, and most reagents used in
this method pose no hazard to the analyst. Use a fume hood,
protective clothing, and safety glasses when handling concentrated
hydrochloric acid (Sect. 7.6) and sulfuric acid (Sect. 7.8).

5.2

Follow American Chemical Society guidelines regarding the safe
handling of chemicals used in this method (14.2).

APPARATUS AND EQUIPMENT
6.1

6.2

AUTOMATED COLORIMETRIC INSTRUMENT -- Select and assemble an
analytical system consisting of the following:
6.1.1

Sampler.

6.1.2

Proportioning Pump.

6.1.3

Analytical Cartridge.

6.1.4

Heating Bath (37°C) equipped with an 8 mL capacity glass
heating coil.

6.1.5

Colorimeter with an 880 nm wavelength setting.
Ensure that
the colorimeter is equipped with photodetectors having maximum
sensitivi~y at this wavelength setting.
A 50 mm flow cell is
required to achieve the MDL stated in Sect. 1.3.

6.1.6

Strip Chart Recorder (or other data acquisition device).

6.1.7

Printer (optional).

Wherever possible, use glass transmission lines in the analytical
cartridge and colorimeter. Glass yields a more uniform sample flow
and does not degrade as quickly as other tubing materials. When
connecting two glass lines, ensure that the ends are abutted. To
minimize pulsing of the analytical stream, maintain uniform inside
diameter throughout all transmission tubing.
Flexible transmission
tubing should have an inside diameter of 1.3 mm (0.051 inches).
Minimize the length of all transmission tubing to optimize the
performance of the hydraulic system.
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7.

6.3

Enclose the sampler with a dust cover to prevent contamination.

6.4

To prevent the intake of any precipitates from the reagents, install
intake filters at the end of the transmission lines that are used to
transport the ~eagents from their respective containers to the
proportioning pump.

6.5

LABORATORY FACILITIES -- Laboratories used for the analysis of
wet deposition samples should be free from external sources of
contamination.
The use of laminar flow clean air workstations is
recommended for. sample processing and preparation to avoid the
introduction of airborne contaminants. Samples should always be
capped or covered prior to analysis. A positive pressure
environment wi·:hin the laboratory is also recommended to minimize
the introduction of external sources of contaminant gases and
particulates. Windows withir. the laboratory should be kept closed
at all times and sealed if air leaks are apparent. The use of
disposable tacky floor mats at the entrance to the laboratory is
helpful in reducing the particulate loading within the room.

REAGENTS AND CONSUMi\BLE MATERIALS
7.1

PURITY OF REAGENTS -- Use reagent grade c~emicals for all solutions.
All reagents shall conform to the specifications of the Committee on
Analytical Reagents of the American Chemical Society (ACS), where
such specifica~ions are available.

7.2

PURITY OF WATER -- Use water conforming to AST~ Specification D
1193, Type II (14.3).
Point of use 0.2 micrometer filters are
recommended for all fa~cets supplying water to prevent the
introduction of bacteria and/or ion exchange resins into reagents,
standard solutions, and internally formulated quality control check
solutions.

7. 3

A.'1MONIU~

7.4

ANTIMONY POTAS!3IU~ TARTRATE SOLUTION -- Dissolve 3 g of antimony
potassium tartr.ate (K(Sb0)C H 0 °1/2H o) in water (Sect. 7.2)
4 4 6
2
and dilute to L L. Store at room temperature in a high density
polyethylene or polypropylene container.

7.5

ASCORBIC ACID SOLCTION -- Dissolve 9.0 g of ascorbic acid
(C H o l in wa~er (Sect. 7.2) and dilute to 500 mL.
This
6 8 6
solution is stdble for two weeks w~en refrigerated at 4°c in a hig~
density polyethylene or polypropylene container.

7.6

HYDROCHLORIC ACID (1.0 N) -- Add 83.0 mL of concer.trated hydrochloric
acid (HCl, sp gr 1.19) to 900 mL of water (Sect. 7.2) and dilute to
1 L.

MOLYBDATE SOLUTION -- Dissolve 40 g of ammonium molybdate
((NH l Mo o •4H 0l in water (Sect. 7.2) and dilute to 1 L.
4 6 7 24
2
Store at room ~emperature in a high density polyethylene or
polypropylene container.
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7.7

ORTHOPHOSPHATE SOLUTION, STOCK (1.0 mL = 0.1 mg P0 l -- Dissolve
4
143.47 mg of potassium phosphate (KH Po l, dried at' 105°c
2 4
for one hour, in water (Sect. 7.2). Add 1 mL of chloroform
(CHC1 ) and dilute to 1 L with water (Sect. 7.2). This solution is
3
stable for one year when stored in a glass or a high density
polyethylene or polypropylene container at 4°c.

7.8

SULFURIC ACID (4.9 N) -- Add 136 mL of concentrated sulfuric acid
(H so sp gr 1.84) to 800 mL of water (Sect. 7.2). Allow the
2 4
solution to cool and dilute to 1 L.

7.9

COLOR REAGENT -- Allow all solutions to reach room temperature before
combining as follows:
to 50 mL of sulfuric acid add 15 mL of
ammonium molybdate solution, 30 mL of ascorbic acid solution, and
5 mL of antimony potassium tartrate solution. Add approximately
50 uL of Levar V or a similar wetting agent that does not contain
orthophosphate. The color reagent will remain relatively stable in a
high density polyethylene or polypropylene container for eight hours.
This reagent does, however, slowly degrade over an eight hour period
resulting in decreased sensitivity. To better preserve the reagent,
place the container in an ice water bath while analyzing samples.

7.10

8.

SAMPLE CONTAINERS -- Use polyolefin sample cups or glass test tubes
that have been rinsed thoroughly with water (Sect. 7.2) before use.

SAMPLE COLLECTION, PRESERVATION AND STORAGE
8.1

Collect samples in high density polyethylene (HOPE) containers that
have been thoroughly rinsed with ASTM Type II water (7.2). Do not
use strong mineral acids or alkaline detergent solutions for cleaning
collection vessels. Residual acids may remain in the polyethylene
matrix and slowly leach back into the sample. Alkaline detergents
may also leave residues that may affect the sample chemistry. Cap
collection bottles after cleaning to prevent contamination from
airborne contaminants; air dry collection buckets in a laminar flow
clean air workstation and wrap in polyethylene bags prior to use.
If
a laminar flow workstation is not available, pour out any residual
rinse water and bag the buckets immediately. Do not dry the bucket
interior by any method other than air drying in a laminar flow clean
air workstation.

8.2

The frequency of sample collection and the choice of sampler design
are dependent on the monitoring objectives.
In general, the use of
wet-only samplers is recommended to exclude dry deposition
contributions, minimize sample contamination, retard evaporation,
and enhance sample stability. Sample collection frequency may vary
from subevent to monthly sampling periods. Collection periods of
more than one week are not recommended since sample integrity may be
compromised by longer exposure periods.

8.3

The presence of microbial activity will affect the stability of
orthophosphate concentrations in wet deposition samples. Sample
measurements should be made immediately after collection whenever
possible.
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8.3.1

9.

Filtration of samples through a 0.45 micrometer membrane
leached with water (Sect. 7.2) is partially effective
at stabilizing orthophosphate by removal of biological
species.
Refrigeration after immediate filtration is the most
reliable method to ensure sample integrity (14.4).
Sample
storage time should not exceed one week.

CALIBRATION AND STANDARDIZATION
9.1

9. 2

INSTRUMENT OPTIMIZATION
9.1.1

For a flow segmented system with a concentration range from
0.02-0.25 mg/Las orthophosphate, assemble the sampling and
analytical system as shown in Figure 1.

9.1. 2

Use flow rated polyvinyl chloride or polyethylene pump and
transmission tubing throughout the sampling and analytical
system. Check the tubing for chemical buildup, splits,
cracks, and deformations before beginning each day's
analysis.
Change pump tubes after 25 hours of operation.
Change transmission tubing after 50 hours of operation or when
uneven flow patterns are observed.

9.1.3

Optimize the tension of the pump tubes according to
manufacturer's recommendations.

9.1.4

Set the heating bath to 37°c.
Set the wavelength of the
colorimeter to 880 nm. Allow the colorimeter and heating bath
to want' up for 30 minutes while pumping water (Sect. 7. 2) and
color reagent through the system.
After a a stable baseline
has been obtained, adjust the recorder to maximize the
full-scale response.

9.1.5

Sample at a rate of 30 samples/hour with a 1:4 sample to rinse
ratio.
This sampling rate provides good peak separation.
Adjust the colorimeter to maximize sensitivity while
minimizing instrument noise.
Refer to the manufacturer's
recommendations.

CALIBRATION SCILUTIONS
9.2.1

Five calibration solutions and one zero standard are needed to
generate a suitable calibration curve.
The lowest calibration
solution should contain orthophosphate at a concentration
greater than or equal to the method detection limit. The
highest solution should approach the expected upper limit of
concentration of orthophosphate in wet deposition.
Prepare
the remaini~g solutions such that they are evenly distributed
thtoughout the concentration range.
Suggested calibration
standards for orthophosphate are as follows:
zero, 0.02,
0.04, 0.06, 0.08, and 0.10 mg/L as P0 -3
4
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9.2.2

9.3

10.

Prepare all calibration standards by diluting the stock
solution (Sect. 7.7) with water (Sect. 7.2).
Use glass
(Class A) or plastic pipettes that are within the bias and
precision tolerances specified by the manufacturer. Standards
with a concentration greater than 0.04 mg/L orthophosphate are
stable for one week if stored at room temperature in high
density polyethylene or polypropylene containers.
Prepare
standards with 0.04 mg/L or less orthophosphate every day and
store at room temperature in high density polyethylene or
polypropylene containers.

CALIBRATION CURVE
9.3.1

Analyze the standard containing the highest concentration
of orthophosphate and adjust the colorimeter calibration
control to obtain full-scale deflection on the recorder.
If a
printer is used, adjust it to read the correct concentration.
Analyze all the standards and construct a calibration curve
according to Sect. 12. After every 30 samples and at the end
of the day's analyses, reconstruct the entire calibration
curve.

9.3.2

Verify the calibration curve after every ten samples and at
the end of each day's analyses according to Sect. 10.5.

QUALITY CONTROL
10.1

Each laboratory using this method should develop formalized quality
control protocols to continually monitor the bias and precision of
all measurements.
These protocols are required to ensure that the
measurement system is in a state of statistical control. Estimates
of bias and precision for wet deposition analyses cannot be made
unless these control procedures are followed.
Detailed guidelines
for the development of quality assurance and quality control
protocols for wet deposition measurement systems are published in a
manual available from the United States Environmental Protection
Agency, Research Triangle Park, NC 27711 (14.5).
Included in this
manual are procedures for the development of statistical control
charts for use in monitoring bias and precision as well as
recommendations for the introduction of reagent blanks, laboratory
duplicates, :ield duplicates, spike samples, and performance
evaluation samples. These guidelines are to be used by all
laboratories involved with wet deposition measurements.

10.2

ESTABLISHMENT OF WARNING AND CONTROL LIMITS -- Warning and control
limits are used to monitor drift in the calibration curve, analyses
of quality control check samples (QCS), and measured recoveries
from laboratory spikes.
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10.2.1

Calibration Curve -- After a calibration curve has been
constructed according to Sect. 12, reanalyze additional
aliquots of the low and high concentration standards.
Calculate the concentrations using the previously derived
calibration curve.
Repeat this procedure until at least
ten determinations at each concentration level have been
made.
These data should be collected on ten different days
to provide a realistic estimate of the method variability.
Calculate a standard deviation (s) at each concentration
leve~..
Use the nominal standard concentration as the mean
value (x) for determining the control limits. A warning
limit of x + 2s and a control limit of x + 3s should be
used.
Reestablish these limits whenever instrumental
operating conditions change.

10.2.2

Quality Control Check Samples (QCS) -- Calculate warning
and control limits for QCS solutions from a minimum of ten
analyses performed on ten days.
Use the calculated
standard deviation (s) at each QCS concentration level to
deve~op the limits as descrioed in Sect. 10.2.1.
Use the
certjfied or NBS traceaole concentration as the mean
(target) value. Constant positive or negative measurements
with respect to the true value are indicative of a method
or procedural bias.
Utilize the data obtained from QCS
measurements as in Sect. 10.4 to determine when the
measurement system is out of statistical control. The
standard deviations used to generate the QCS control limits
shou~d be comparable to the single operator precision
reported in Taole 2. Reestablish new warning and control
limits whenever instrumental operating conditions are
varied or QCS concentrations are changed.

10.2.3

Laboratory Spike Solutions -- A minimum of ten analyte
spikes of wet deposition samples is required to develop a
prel:.minary data base for the calculation of warning and
control limits for spike recovery data.
Select the spike
concentration such that the working range of the method
will not be exceeded. Samples selected for the initial
spikE! recovery study should represent the concentration
range common to wet deposition samples in order to reliably
estiraate the method accuracy. Calculate a mean and
standard deviation of the percent recovery data using the
formulas provided in the glossary.
Determine warning and
control limits using ~2s and ~3s, respectively.
If
the data indicate that no significant method bias exists
(14.6), the 100 percent recovery is used as the mean
percent recovery. Where a significant bias is determined
at the 95% confidence level, the control limits are
centered around the bias estimate.
Routine spiked sample
analyses that yield percent recovery data outside of the
control limits are an indication of matrix interferences
that should be resolved before routine analyses are
cont~nued.
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10.2.4

All warning and control limits should be reevaluated on a
continual basis as additional data are collected during
routine analyses.
The limits should be broadened or
narrowed if a recalculated standard deviation under similar
operating conditions provides a different estimate of the
procedure variability.

10.3

Monitor the cleaning procedure by pouring a volume of water (Sect.
7.2) that approximates the median sample size into the collection
vessel. Allow the water to remain in the sealed or capped
collection container for at least 24 hours and determine the
orthophosphate concentration.
If the solution concentration
exceeds the MDL, a contamination problem is indicated in the
cleaning procedure. Take corrective action before the sampling
containers are used for the collection of wet deposition.

10.4

Analyze a quality control check sample (QCS) after the calibration
curve has been established. This sample may be formulated in the
laboratory or obtained from the National Bureau of Standards (NBS
Standard Reference Material 2694, Simulated Rainwater). Verify the
accuracy of internally formulated QCS solutions with an NBS
traceable standard before acceptance as a quality control check.
The check sample(s) selected must be within the range of the
calibration standards.
If the measured value for the QCS falls
outside of the ~3s limits (Sect. 10.2.2), or if two successive
QCS checks are outside of the +2s limits, a problem is indicated
with the system or the calibration procedure. Corrective action
should be initiated to bring the results of the QCS within the
established control limits.
Plot the data obtained from the QCS
checks on a control chart for routine assessments of bias and
precision.

10.5

Verify the calibration curve after a maximum of ten samples and at
the end of each day's analyses. Analyze calibration standards at
the low and high ends of the working range.
If the routine
calibration checks do not meet the criteria described in Sect.
10.4, recalibrate the system and reanalyze all samples from the
last time the system was in control. Verify the new calibration
curve with the QCS according to Sect. 10.4 and reanalyze all
samples measured since the last time the system was in control.

10.6

Submit a Field Blank (FB) to the laboratory for every 20 samples.
The FE.may consist of a water sample (Sect. 7.2) or a known
reference solution that approximates the concentration levels
characteristic of wet deposition. The FB is poured into the
sampling vessel at the field site and undergoes identical
processing and analytical protocols as the wet deposition
sample(s). Use the analytical data obtained from the FB to
determine any contamination introduced in the field and laboratory
handling procedures.
The data from the known reference solution
can be used to calculate a system precision and bias.
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11.

12.

10.7

Prepare and analyze a laboratory spike of a wet deposition sample
according to the guidelines provided in ''Quality Assurance Manual
for Precipitation Measurement Systems" (14.5).
Compare the results
obtained from spiked samples to those obtained from identical
samples to which no spikes were added.
Use these data to monitor
the method perce~t recovery as described in Sect. 10.2.3.

10.8

?articipation in performance evaluation studies is recommended for
wet deposition chemistry laboratories.
The samples used for these
performance audits should contain the analytes of interest at
concentrations within the normal working range of the method.
The
true values are unknown to the ar.alyst.
Performance evaluation
studies for wet deposition chemistry laboratories are conducted
semiannually by the USEPA Performance Evaluation Branch, Quality
Assurance Division, Research Triangle Park, NC 27711.

PROCEDURE
11.1

Optimize the instrument each day according to Sect. 9.1.

11.2

Prepare all standards and construct a calibration curve according
to Sect. 9.2 and 9.3.

11.3

After the calibration curve is established, analyze the QCS.
If
the measured value for t~e QCS is not within the specified limits
(Sec~. 10.2.2), refer to Sect. 10.4.

11.4

Load the sampler tray and hegin analysis.

11.5

If the peak height response exceeds the working range of the
system, dilute the sample wit~ zero standard a~d reanalyze.

11.6

When analysis is complete, turn off the heating bath and rinse the
system with 1 N HCl for 15 minutes.
Rinse t~e system with water
(Sect. 7.2) for ar. additional 15 minutes.

CALCULATIONS
12.1

Calculate a linear least squares fit of t~e standard concentration
as a functio~ of the ~easured peak heigtt.
The linear least
s:-_:tiar-es -::11ua-::.ion is exri!:'"esse~ as follow::;:

standard concentration in mg/L
peak height measured
y-intercept calculated from:
y - B x
1
slope calculated from:
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2

mean of peak heights measured
mean of standard concentrations
number of samples

The correlation coefficient should be 0.9990 or greater.
Determine
the concentration of analyte of interest from the calibration
curve.
12.2

If the relations~ip between standard concentration and measured
peak height is ~or.linear, use a second degree polynomial least
squares equation to derive a curve wit~ a correlation >0.9990.
The second degree polynomial equation is expressed as follows:

A computer is necessary for the derivation of this function.
Determine the concentration of orthophosp~ate from the calibratior.
curve.
12.3

12.4

13.

14.

An integration system may also be used to provide a direct readour
of the concentration of orthophosphate.
-3
Report data in ~g/L as P0
.
Do not report data lower than
4
the lowest calibratior. star.dard.

PRECISION AND BIAS
13.l

The mean percent recovery and mean bias of this method were
deterrnir.ed from the analysis of spiked wet deposition samples
according to ASTM Standard Practice D4210, Ar.nex A4 (14.6).
The
results are su:nrr.arized in Table 1. A small but statistically
significar.t bias of -0.01 mg/L was found at Dot~ spike
concentration levels.

13.2

Single-operator precisio~ and bias were obtained
cf q~ality control c~eck samples.
These results
accuracy that can be expected when the method is
competent operator.
These data ~re presented in

from the a~alysis
reflect the
used by a
Table 2.

REFERENCES
14.1

Annual Book of ASTM Standards, Part 31, "Excerpts from Standard
for Metric Practice," Star.dard E 380-79, 1982, pp. 679-694.

14.2

''Safety in Academic Chemistry Laboratories," American Chemical
Society Publication, Co:.unittee or. Chemical Safety, 3rd Edition,
1979.

365.6-12

14.3

An~ual

14.4

Peden, M. E. and Skowron, L. M., "Ionic Stability of Precipitation
Samples," AtMos. Environ. 12, 1978, pp. 2343-2349.

14.5

Topel, L. E., Lev-On,~., Flanagan, J., Schwall, R. J., Jackson, A.
E., Quality i\ssurance Manual for Precipitation Measurement
Systems, 1985, U.S. Envi~onmental Protection Agency, Environmental
Monitoring Systems Laboratory, Research Triangle Park, NC 27711.

14.6

Annual Book of ASTM Standards, Section 11, Vol. 11.01 (1),
''Practice for Intralaboratory Quality Control Procedures and a
Discussion o~ Reporting Low-Level Data," Standard D4210 Annex A4,
1983, pp. 15-16.

Book of ASTM Standards, Part 31, "Standard Specification
for Reagent Water,'' Standard D 1193-77, 1982, p. 39.

365.6-13

Table 1.

Analyte

Amount
Added,
mg/L

Orthophosphate

0.061
0.159

Single-Operator Precision and Bias for Orthophosphate
Determined from Analyte Spikes of Wet Deposition
a
Samples.

n

b

10
9

Mean
Percent
Recovery

Mean
Bias,
mg/L

Standard
Deviation,
mg/L

Statistically
Significant
Bias?c

81.0
92.7

-0.012
-0.012

0.002
0.004

Yes
Yes

-----------------------------------------------------------------------------a.
b.
c.

Concentration values are significant to two decimal places.
Number of replicates
95% Confidence Level
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Table 2.

Theoretical
Concentration,
mg/L

Single-Operator Bias and Precision for Orthophosphate
Determined from Quality Control Check S~mples.a

Measured
Concentration,
mg/L

n

b

Bias,
mg/L

%

Precision,
s,
RSD,
mg/L
%

0.031

0.026

151

-0.005

-16.1

0.007

26.9

0.062

oJ.055

161

-0.007

-11.3

0.008

14.5

0.123

oJ.117

84

-0.006

-4.9

0.006

5.1

0.215

•). 205

74

-0.010

-4.6

0.010

4.9

The above data were obtained from records of measurements made under the
direction of the NADP/NTN quality assurance program.
a.
b.

Concentration values are significant to two decimal places.
Number of replicates
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Figure 1.

Orthophosphate Sampling and Analytical
System -- Segmented Flow.
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8
Sampling Rate:
30/hr
Sampling Volume:
0.3 ml
Sample to Rinse Ratio:
1 :4
(24 second sample,
96 second rinse)
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1.

SCOPE AND APPLICATION
1.1 This method is applicable to the automated colorimetric determination
of sulfate in wet deposition samples by barium-methylthymol blue
reaction.

2.

1.2

The term ''wet deposition" is used in this method to designate rain,
snow, dew, sleet, and hail.

1.3

The method de~ection limit (MDL) determined from replicate analyses
of a quality control check solution containing 0.36 mg/L sulfate is
0.05 ~~~L.
The concentration range of this method is 0.05-6.00 mg/L
as so
.
4

1.4

Figure 1 represents a cumulative frequency percentile sulfate
concentration plct obtained from analyses of over five thousand wet
deposition samples.
These data may be used as an aid in the
selection of calibration standard concentrations.

SUMMARY OF METHOD
2.1

3.

A sample is pumped through an ion exchar.ge column for the removal of
interfering Cdtions, and then reacted with barium chloride at pH
2.5-3.0 to form barium sulfate.
Tc enhance the complexation of
barium with methylthymol blue (MTB), sodium hydroxide is added to
increase the pH to approximately 12.5. Excess barium ions react with
an equivaler.t concentration of ~TB to form a blue-colored chelate.
The concer.tration of ur.chelated MTB ions is related to the initial
sulfate ion concentration.
Therefore, the intensity of the
blue-colored chelate is inversely proportional to the concentration
of sulfate in solution.
After color reduction, a flowcell receives
the stream for measurement.
A light beam of a wavelength
characteristic of the blue-colored chelate is passed through the
solution.
Thf~ light energy measured by a photodetector is inversely
re!ated to the concentration of sulfate in the sample. A calibration
curve is cor.s~ructed using standard solutions containing known
concentrat1on!; of sulfate.
From ~his cJrve, the cor.centration of
sulfate in a wet deposition sample is determined.

DEFINITIONS
3.1

COLORIMETRY -- the measurement of light transmitted hy a colored
complex as a function of concentration.

3.2

ION EXCHANGE ··- a reversible process by which ions are interchanged
between an insoluble material and a liquid with no substantial
structural chunges of the material (14.11.

3.3

For definitions of other terms used in these methods, refer to the
glossary.
For an explanation of the metric system including units,
symbols, and conversion factors see American Society for Testing and
Materials (ASTM) Standard E 380, ''Metric Practices" (14.2).
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4.

5.

6.

INTERFERENCES
4.1

Sample color absorbing in the wavelength range of 450-470 nm will
reduce the measured concentration of sulfate in the sample. Wet
deposition samples are generally colorless, therefore, this type of
interference is rare.

4.2

Phosphate at concentrations as low as 0.01 mg/L will complex with the
methylthymol blue reagent to result in a positive bias. Sulfite may
be oxidized to sulfate to yield a positive bias.

4.3

Cations such as calcium, aluminum, and iron that may also interfere
by complexing with the methylthymol blue reagent are removed by the
ion exchange column.
If the ion exchange column capacity is
exceeded, the interfering cations are not completely removed and a
new column must be prepared.

4.4

The presence of air bubbles in the ion exchange column results in
incomplete removal of the interfering cations and is evidenced by an
unstable baseline.
Eliminate this interference by preparing the
column carefully in accordance with the details provided in Sect.
11.1.

SAFETY
5.1

The calibration standards, sample types, and most reagents used in
this method pose no hazard to the analyst.
Use a fume hood,
protective clothing, and safety glasses when handling concentrated
hydrochloric acid (Sect. 7.5) and sodium hydroxide (Sect. 7.9).

5.2

Follow American Chemical Society guidelines regarding the safe
handling of chemicals used in this method (14.3).

APPARATUS AND EQUIPMENT
6.1

AUTOMATED COLORIMETRIC INSTRUMENT -- Select and assemble an
analytical system consisting of the following:
6. 1. 1

Sampler.

6.1.2

Proportioning Pump.

6.1.3

Analytical Cartridge.
6.1.3.1

Ion Exchange Column -- Flexible polyolefin tubing or
glass tubing having a length of 15 to 20 cm with an
inside diameter equal to the tubing in the rest of
the system.
Prepare the ion exchange column
according to the procedure in Sect. 11.1.
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6.1.4

Colorim~ter

colorimeter
sensitivity
adequat~ to
cell may be

7.

with a 460 nm wavelength setting. Ensure that the
is equipped with photodetectors having maximum
at this wavelength setting. A 15 mm flow cell is
achieve the MDL stated in Sect. 1.3. A SO mm flow
selected to increase sensitivity.

6.1.5

Strip Chart Recorder (or other data acquisition device).

6.1.6

Printer (optional).

6.2

Wherever possinle, use glass transmission lines with an inside
diameter of 1.35 mm (0.073 inches) in the analytical cartridge and
colorimeter.
Glass yields a more uniform sample flow and does not
degrade as quickly as other tubing materials. When connecting two
glass lines, ensure that the ends are abutted.
To minimize pulsing
of the analytical stream, maintain uniform inside diameter throughout
all transmissi~n tubing. Minimize the length of all transmission
tubing to optimize the performance of the hydraulic system.

6.4

Enclose the sampler with a dust cover to prevent contamination.

6.5

To prevent the intake of any precipitates from the reagents, install
intake filters at the end of the transmission lines that are used to
transport the reagents from their respective containers to the
proportioning ~ump.

6.6

LABORATORY FACILITI~S -- Laboratories used for the analysis of
wet deposition samples should be free from external sources of
contamination.
The use of laminar flow clean air workstations is
recommended fo.r sample processing and preparation to avoid the
introduction of airborne contaminants.
Samples should always be
capped or covered prior to analysis.
A positive pressure
environment within the laboratory is also recommended to minimize
the introduction of external sources of contaminant gases and
particulates.
Windows within the laboratory should be kept closed
at all times a,d sealed if air leaks are apparent.
The use of
disposable tac~y floor mats at the entrance to the laboratory is
helpful in reducing the particulate loading wittin tr.e room.

REAGENTS AND

CONSu~ABLE

MATERIALS

7.1

PURITY OF REAGENTS -- Use reagent grade chemicals for all solutions.
All reagents s·,all conform to the specifications of the Committee on
Analytical Rea3ents of the American Chemical Society (ACS), where
such specifications are available.

7.2

PuRITY OF WATER -- Use water conforming to ASTM Specification D
1193, Type II (14.4).
Point of use 0.2 micrometer filters are
recommended for all faucets supplying water to prevent the
introduction of bacteria and/or ion exchange resins into reagents,
standard solutions, and internally formulated quality control check
solutions.
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8.

7.3

BARIUM CHLORIDE SOLUTION -- Dissolve 1.526 g of barium chloride
(BaCliH 0l in water (Sect. 7.2) and dilute to 1 L.· Store at
2
room temperature in an amber high density polyethylene or
polypropylene container.

7.4

ETHANOL (C H 0H, Et-OH) -- 95% volume/volume.
2 5

7.5

HYDROCHLORIC ACID (1.0 N) -- Add 83.0 mL of co~centrated hydrochloric
acid (HCl, sp gr 1.19) to 900 mL of water (Sect. 7.2) and dilute to
1 L.

7.6

ION EXCHANGE RESIN
Analytical grade carboxylic cation exchange
resin with a 20 to 50 mesh; sodium form.

7.7

METHYLTHYMOL BLUE REAGENT (MTB) -- Add 25 mL of the barium chloride
solution to 0.1182 g of methylthymol blue (3'3"-Bis-N, N-bis
(carboxymethyl)- amino methylthymolsulfonephthalein pentasodium
salt).
Add 4 mL of 1 N HCl to the solution, mix well, add 71 mL
of water (Sect. 7.2) , and 0.5 mL of Brij-35 or a similar wetting
agent. Mix and dilute to 500 mL with 95% EtOH.
Prepare daily.

7.8

SAMPLER RINSE WATER -- Add 0.5 mL Brij-35 or a similar wetting agent
to 1 L of water (Sect. 7.2).

7.9

SODIUM HYDROXIDE SOLUTION (0.18 N) -- Dissolve 7.2 g of sodium
hydroxide (NaOH) in 900 mL of water (sect. 7.2), add 0.5 mL of
Brij-35 or a similar wetting agent and dilute to 1 L.
Store at room
temperature in a high density polyethylene or polypropylene
container.

7.10

SULFATE SOLUTION, STOCK (1.0 mL = 1.0 mg SO ) -- The stock
solution may be purchased as a certified soiution or prepared from
ACS reagent grade materials.
To prepare, dissolve 1.4789 g of
sodium sulfate (Na so ), dried at 105°c for one hour, in water
4
(Sect. 7.2) and difute to 1 L.
This solutions is stable for one
year when stored in a high density polyethylene or polypropylene
container at 4°c.

7.11

SAMPLE CONTAINERS -- Use polyolefin sample cups or glass test tubes
that have been ri~sed thoroughly with water (Sect. 7.2) before use.

SAMPLE COLLECTION, PRESERVATION AND STORAGE
8.1

Collect samples in ~igh density polyethylene (HOPE) containers that
have been thoroughly rinsed with ASTM Type II water (7.2).
Do not
use strong mineral acids or alkaline detergent solutions for cleaning
collection vessels.
Residual acids may remain in the polyethylene
matrix and slowly leach back into the sample.
Alkaline detergents
may also leave residues that may affect the sample chemistry. Cap
collection bottles after cleaning to prevent contamination from
airborne contaminants; air dry collection buckets in a laminar flow
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clean air workstation and wrap in polyethylene bags prior to use.
If
a laminar flow workstation is not available, pour out any residual
rinse water and bag the buckets immediately.
Do not dry the bucket
interior by any method other than air drying in a laminar flow clean
air workstatio::"l.

9.

8.2

The frequency ·~f sample collection ar.d the choice of sampler design
are dependent on the monitoring objectives.
In general, the use of
wet-only sampl<:irs is reco!TlI!ler.ded to exclude dry deposition
cor.tributions, minirnize sample contamination, retard evaporation,
and enhance sample stability.
Sar:iple collection frequency may vary
from subevent to monthly sampling periods. Collection periods of
more than one week are not recommended since sample integrity r.iay be
compromised by ~anger exposure periods.

8.3

The oxidation of sulfite to sul:a~2 after sample collection will
increase the concentration of SO
in stored samples.
Sample
measurements should be made im.~e~iately after collection if possible.
Refrigeration of samples at 4°c will minimize, but not eliminate
concentration changes prior to chemical analysis.

CALIBRATION AND STANDARDIZATION

9.1

INSTRUMENT OPTIMIZATION

9.1.l

For a SE?gmented flow system with a concentration range from
0.05-6.00 mg/L as sulfate, assemble t!le sampling and
analytical systen as shown in Figure 2.

9.1.2

Prepare the ion exchange column according to Sect. 11.1.

9.1.3

SiliconE? is more resistant ~o the e:fects o: ethane!,
therefcre, use flow rated silicone trans~ission and pump
tuhing t:o transport the methyithyrr.ol blue reagent :ram the
reagent source to the analytical stream.
Use silicone
tubing to transport the sample from the flow cell through the
purnp and to waste. Elsewhere, use flow rated polyvinyl chloride
or polyethylene purnp and transmission tubing throughout the
sanpling and analytical system. Cteck the tubing for chemical
buildup, splits, cracks, and de:orr.iations before beginr.ing
each day's analysis.
c:iar.ge pump tubes after 50 hours o:
operation.
Change transmission tubing a:ter 100 hours o:
operation or when ur.even flow patterns are observed.

9.1.4

Optimize the tension of pump tubes according to manufacturer's
recorrme~,datiens.

9.1.5

Set the wave~ength of :he colorimeter to 460 nm. Allow the
colorineter to warm up fer 30 minutes while pumping sampler
rinse Weter and reagents through the system. After a stable
baseline has been obtained, adjust the recorder to naximize
the full-scale response.
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9.1.6

9.2

9.3

10.

Sample at a rate of 30 samples/hour with a 1:4 sample to rinse
ratio. This sampling rate provides good peak separation.
Adjust the colorimeter to maximize sensitivity while
minimizing instrument noise. Refer to the manufacturer's
recommendations.

CALIBRATION SOLUTIONS
9.2.1

Five calibration solutions and one zero standard are needed to
generate a suitable calibration curve.
The lowest calibration
solution should contain sulfate at a concentration greater
than or equal to the method detection limit. The highest
solution should approach the expected upper limit of
concentration of sulfate in wet deposition.
Prepare the
remaining solutions such that they are evenly distributed
throughout the concentration range.
Suggested calibration
standards for sulfate are ~~ follows:
zero, 0.05, 1.50, 3.00,
.
4.50, and 6.00 mg/L as so
4

9.2.2

Prepare all calibration standards by diluting the stock
standard (Sect. 7.10) with water (Sect. 7.2). Use glass
(Class A) or plastic pipettes that are within the bias and
precision tolerances specified by the manufacturer. The
standards are stable for one month if stored at room
temperature in high density polyethylene or polypropylene
containers.

CALIBRATION CURVE
9.3.1

Analyze the standard containing the highest concentration of
sulfate and ad]ust the colorimeter calibration control to
achieve full-scale deflection on the recorder.
Use the zero
standard to establish a baseline.
If a printer is used,
adjust it to read the correct concentration. Analyze all the
standards and construct a calibration curve according to
Sect. 12. After every 30 samples and at the end of the day's
analyses, reconstruct the entire calibration ~urve.

9.3.2

Verify the calibration curve after every ten samples and at
the end o: each day's analyses according to Sect. 10.5.

QUALITY CONTROL
10.1

Each laboratory using this method should develop formalized quality
control protocols to continually monitor the bias and precision of
all measurements. These protocols are required to ensure that the
measurement system is in a state of statistical control. Estimates
of bias and precision for wet deposition analyses cannot be made
unless these control procedures are followed.
Detailed guidelines
for the development of quality assurance and quality control
protocols for wet deposition measurement systems are published in a
manual available from the United States Environmental Protection
Agency, Research Triangle Park, NC 27711 (14.5).
Included in this
manual are procedures for the development of statistical control
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charts for use in monitoring bias and precision as well as
recommendations for the introduction of reagent blanks, laboratory
duplicates, field duplicates, spike samples, and performance
evaluation samples. These guidelines are to be used by all
laboratories involved with wet deposition measurements.
10.2

ESTABLISHMENT OF WARNING AND CONTROL LIMITS -- Warning and control
limits are used to monitor drift in the calibration curve, analyses
of quality control check samples (QCS), and measured recoveries
from laboratory spikes.
10.2.1

Calibration Curve -- After a calibration curve has been
constructed according to Sect. 12, reanalyze additional
aliquots of the low and high concentration standards.
Calculate the concentrations using the previously derived
calibration curve. Repeat this procedure until at least
ten determinations at each concentration level have been
made.
These data should be collected on ten different days
to provide a realistic estimate of the method variability.
Calculate a standard deviation (s) at each concentration
level. Use the nominal standard concentration as the mean
value (~) for determining the control limits. A warning
limit of ~ + 2s and a control limit of ~ + 3s should be
used.
Reestablish these limits whenever instrumental
opereting conditions change.

10.2.2

Qualjty Control Check Samples (QCS) -- Calculate warning
and control limits for QCS solutions from a minimum of ten
analyses performed on ten days. Use the calculated
stancard deviation (s) at each QCS concentration level to
develop the limits as described in Sect. 10.2.1. Use the
certified or NBS traceable concentration as the mean
(target) value. Constant positive or negative measurements
with respect to the true value are indicative of a method
or procedural bias. Utilize the data obtained from QCS
measurements as in Sect. 10.4 to determine when the
measurement system is out of statistical control. The
standard deviations used to generate the QCS control limits
should be comparable to the single operator precision
reported in Table 2. Reestablish new warning and control
limits whenever instrumental operating conditions are
varied or QCS concentrations are changed.

10.2.3

Laboratory Spike Solutions -- A minimum of ten analyte
spikes of wet deposition samples is required to develop a
preliminary data base for the calculation of warning and
control limits for spike recovery data.
Select the spike
concentration such that the working range of the method
will not be exceeded. Samples selected for the initial
spike recovery study should represent the concentration
range common to wet deposition samples in order to reliably
estimate the method accuracy. Calculate a mean and
standard deviation of the percent recovery data using the
formulas provided in the glossary.
Determine warning and
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control limits using !2s and !3s, respectively.
If
the data indicate that no significant method bias exists
(14.6), the 100 percent recovery is used as the mean
percent recovery. Where a significant bias is determined
at the 95% confidence level, the control limits are
centered around the bias estimate. Routine spiked sample
analyses that yield percent recovery data outside of the
control limits are an indication of matrix interferences
that should be resolved before routine analyses are
continued.
10.2.4

All warning and control limits should be reevaluated on a
continual basis as additional data are collected during
routine analyses. The limits should be broadened or
narrowed if a recalculated standard deviation under similar
operating conditions provides a different estimate of the
procedure variability.

10.3

Monitor the cleaning procedure by pouring a volume of water (Sect.
7.2) that approximates the median sample size into the collection
vessel. Allow the water to remain in the sealed or capped
collection container for at least 24 hours and determine the
sulfate concentration.
If the solution concentration exceeds the
MDL, a contamination problem is indicated in the cleaning
procedure.
Take corrective action before the sampling containers
are used for the collection of wet deposition.

10.4

Analyze a quality control check sample (QCS) after the calibration
curve has been established. This sample may be formulated in the
laboratory or obtained from the National Bureau of Standards (NBS
Standard Reference Material 2694, Simulated Rainwater). Verify the
accuracy of internally formulated QCS solutions with an NBS traceable
standard before acceptance as a quality control check. The check
sample(s) selected must be within the range of the calibration
standards.
If the measured value for the QCS falls outside of the
~3s limits (Sect. 10.2.2), or if two successive QCS checks are
outside of the +2s limits, a problem is indicated with the system
or the calibration procedure. Corrective action should be initiated
to bring the results of the QCS within the established control
limits. Plot the data obtained from the QCS checks on a control
chart for routine assessments of bias and precision.

10.5

Verify the calibration curve after a maximum of ten samples and at
the end of each day's analyses.
Analyze calibration standards at
the low and high ends of the working range.
If the routine
calibration checks do not meet the criteria described in Sect.
10.4, recalibrate the system and reanalyze all samples from the
last time the system was in control. Verify the new calibration
curve with the QCS according to Sect. 10.4 and reanalyze all
samples measured since the last time the system was in control.

375.6-10

11.

10.6

Submit a Fiej_d Blank (FB) to the laboratory for every 20 samples.
The FB may consist of a water sample (Sect. 7.2) or a known
reference solution that approximates the concentration levels
characterist~c of wet deposition.
The FB is poured into the
sampling vessel at the field site and undergoes identical
processing and analytical protocols as the wet deposition
sample(s). Use the analytical data obtained from the FB to
determine any contamination introduced in the field and laboratory
handling procedures. The data from the known reference solution
can be used to calculate a system precision and bias.

10.7

Prepare and analyze a laboratory spike of a wet deposition sample
according to the guidelines provided in "Quality Assurance Manual
for Precipitation Measurement Systems" (14.5). Compare the results
obtained from spiked samples to those obtained from identical
samples to which no spikes were added.
Use these data to monitor
the method percent recovery as described in Sect. 10.2.3.

10.8

Participation in performance evaluation studies is recommended for
wet deposition chemistry laboratories. The samples used for these
performance audits should contain the analytes of interest at
concentrations within the normal working range of the method. The
true values ctre unknown to the analyst.
Performance evaluation
studies for wet deposition chemistry laboratories are conducted
semiannually by the USEPA Performance Evaluation Branch, Quality
Assurance Division, Research Triangle Park, NC 27711.

PROCEDURE
11.l

11.2

ION EXCHANGE

COLU~N

11.1.1

Soak the ion exchange resin overnight in water (Sect.
7.2). Stir the slurry and decar.t particles smaller than 50
mesh.
Store the resin in water (Sect. 7.2) in a glass or
polyolefin container ur.til the column is prepared.

11.1.2

Insert a small plug of teflon screen in one end of the
column tube. To prevent the entrapment of air bubbles,
fill the column with resin using a syringe or pipette
attached to the same tube end ar.d draw the resin and
water mixture into the tube.

11.1.3

Do not allow air to enter the column. Do not let the resin
dehydrate.
Air bubbles entering the analytical stream will
result in an unstable baselir.e.
If air enters the column,
repeat the procedure from Sect. 11.1.2.

11.1.4

To pr.event the introduction of air, insert the column in
the analytical stream while the system is pumping.

11.1.5

Prepare the column daily or whenever air enters the column.

Optimize the instrument each day according to Sect. 9.1.
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12.

11.3

Prepare all standards and construct a calibration curve according
to Sect. 9.2 and 9.3.

11.4

After the calibration curve is established, analyze the QCS.
If
the measured value for the QCS is not within the specified limits
(Sect. 10.2.2), refer to Sect. 10.4.

11.5

Load the sampler tray and begin analysis.

11.6

If the peak height response exceeds the working range of the
system, dilute the sample with zero standard and reanalyze.

11.7

When analysis is complete, rinse the system with sampler rinse
water (Sect. 7.8) for 15 minutes.
Before changing the pump tubes,
rinse a dilute concentration cf HCl (1.0 N) through the system for
15 minutes to clean the mixing coils and flow cell.
If the
baseline appears unstable or sensitivity decreases it may be
necessary to repeat this procedure more often tha~ after 50 hours
of operation.

CALCULATIONS
12.1

The relationship between standard concentration and measured
peak height for sulfate deviates from Beer's Law.
Use a second 
degree polynomial least squares equation to derive a curve with a
correlation >0.9990.
The second degree polynomial equation is
expressed as follows:

A computer is necessary for the derivation of this function.
Dete~~ine the concentration of sulfate from the calibration curve.
12.2

12.3

13.

An integration system may also be used to provide a direct readout
of the concentration of s~lfate.
-2
Report data in mg/L as so
.
4
lowest calibration sta~dard.

Do

~ot

report data lower than the

PRECISION AND BIAS
13.1

The mean percer.t recovery a~d mea~ bias of this method were
determined f~om the analysis of spiked wet deposition samples
according to ASTM Standard Practice D4210, Annex A4 (14.6). The
results are summarized in Table 1. No statistically significant
biases were four.ct.

13.2

Si~gle-operator precision and bias were obtained from the analysis
of quality control check samples that approximated the levels
comrr.on to wet deposition samples.
These results reflect the
accuracy that can be expected when the Method is used by a
competent operator. These data are presented in Table 2.
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Single-Operator Precision and Bias for Sulfate
Determined from Analyte Spikes of Wet Deposition Samples.

Table 1.

Analyte

Sulfate

a.
b.

Amount
Added,
mg/L

1. 0
2.6

r.

a

10
9

Mean
Percent
Recovery

100.1
107.3

Mean
Bias,
mg/L

0.0
0.2

Number of replicates
95% Confidence Level
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Standard
Deviation,
mg/L

0.1
0.1

Statistically
Significant
.
b
Bias?

No
No

Table 2.

Single-Operator Bias and Precision for Sulfate
from Quality Control Check Samples.

De~ermined

M•:!asured
ConcBntration,
mg/L

n

0.94

0.90

170

-0.04

-4.2

0.06

6.7

7.20

7 .13

172

-0.07

-0.97

0.11

1. 5

Theoretical
Concentration,
mg/L

a

Bias,
mg/L
%

Precision,
s,
RSD,
mg/L
%

The above data were obtained from records of measurements made under the
direction of the NADP/NTN quality assurance program.
a.

Number of replicate·:;
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Figure 1.

Percentile Concentration Values Obtained from
Wet Deposition Samples: Sulfate
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Figure 2.

Sulfate Sampling and Analytical
System -- Segmented Flow.
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To provide the scientific community with a set of standardized procedures for the
collection and analysis of wet precipitation samples, an analytical methods manual
for use in acid deposition studies has been developed. This manual includes
detailed methods documentation for the major inorganic constituents of interest in
wet deposition as well as guidelines for the collect-ion, preservation, and
processing of samples. The importance of a comprehensive quality assurance
program is emphasized for all aspects of a precipitation chemistry measurement
system. The analytical methodologies include fla!Tle ato.Jll)~ abso,rp_tion
spectrophotometry, ion selective electrode, automated colorimetry~ ion
chromatography, arid titrimetric procedures •. These methods were selected for
inclusion based on ttie1rsensitivities. accuracy, and freedom from significant
chemical and physical interferences. The instrumentation required for these
methods is available in most laboratories involved with water analyses so that the
procedures described will be useful to as many researchers as possible. The
adoption of standard test procedures will lead to greater comparability between
laboratories reporting precipitation chemistry data and will improve the
reliability of data interpretation efforts.
KEY WORDS ANO DOCUMENT ANAL. YSIS

17.

la.

b.IOENTIFIERS/OPEN ENOEO TERMS

DESCRIPTORS

18. DISTRIBUTION STATEMENT

19. SECURITY CLASS (ThisRrportJ
20. SECURITY CLASS (This pagr)

Unclassified
PREVIOUS EDITION

COSATI

os

OBSOL.ETE

;

Field/Group

21. NO. OF PAGES

Unclassified

Distribution to Public
!PA,.,.,. 2220-1 (Rey. 4-77)

c.

286
22. PRICE

