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6. ANALYTICAL METHODS

The purpose of this chapter is to describe the analytical methods that are available for detecting and/or
measuring and monitoring arsenic in environmental media and in biological samples. The intent is not to
provide an exhaustive list of analytical methods that could be used to detect and quantify arsenic. Rather,
the intention is to identify well-established methods that are used as the standard methods of analysis.
Many of the analytical methods used to detect arsenic in environmental samples are the methods approved
by federal organizations such as EPA and the National Institute for Occupational Safety and Health
(NIOSH). Other methods presented in this chapter are those that are approved by groups such as the
Association of Official Analytical Chemists (AOAC) and the American Public Health Association
(APHA). Additionally, analytical methods are included that refine previously used methods to obtain lower

detection limits, and/or to improve accuracy and precision.
6.1 BIOLOGICAL MATERIALS

Atomic absorption spectrophotometry (AAS) is the most common analytical procedure for measuring
arsenic in biological materials (Curatola et al. 1978; Foa et al. 1984; Johnson and Farmer 1989; Mushak et
al. 1977; Norin and Vahter 1981; Sotera et al. 1988). In AAS analysis, the sample is heated in a flame or
in a graphite furnace until the element atomizes. The ground-state atomic vapor absorbs monochromatic
radiation from a source and a photoelectric detector measures the intensity of transmitted radiation (APHA
1989b). Inductively-coupled plasma atomic emission spectrometry (ICP-AES) and ICP-mass spectrometry
(ICP-MS) are increasingly common techniques for the analysis of arsenic; both methods can generally

provide lower detection limits than absorbance detection methods.

Samples may be prepared for AAS in a variety of ways. Most often, the gaseous hydride procedure is
employed (Curatola et al. 1978; Foa et al. 1984; Johnson and Farmer 1989; Norin and Vahter 1981). In
this procedure, arsenic in the sample is reduced to arsine (AsH;), a gas which is then trapped and
introduced into the flame. This approach measures total inorganic arsenic, but may not detect all organic
forms unless preceded by a digestion step. Digestion or wet-ashing with nitric, sulfuric and/or perchloric
acids degrades the organic arsenic species to inorganic arsenic so that recovery of total arsenic from

biological materials can be achieved (Maher 1989; Mushak et al. 1977; Versieck et al. 1983).
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The arsenic concentration in biological fluids and tissues may also be determined by neutron activation
analysis (NAA) (Landsberger and Simsons 1987; Versieck et al. 1983). In this approach, the sample is
irradiated with a source of neutrons which converts a portion of the arsenic atoms to radioactive isotopes
which can be quantified after separation from radioisotopes of other chemicals. XQray fluorescence is also
capable of measuring arsenic in biological materials (Bloch and Shapiro 1986; Clyne et al. 1989; Nielson
and Sanders 1983) and environmental samples (see Section 6.2). This method has the advantage that no

sample digestion or separation steps are required.

Speciation of arsenic (i.e., analysis of organo-arsenicals or different inorganic species, rather than total) is
usually accomplished by employing separation procedures prior to introduction of the sample material into
a detection system. Various types of chromatography or chelation-extraction techniques are most
commonly used in combination with AAS, ICP-AES or ICP-MS detection methods (Dix et al. 1987; Foa et
al. 1984; Johnson and Farmer 1989; Mushak et al. 1977; Norin et al. 1987; Thomas and Sniatecki 1994).
Another approach involves selective reduction of arsenate and arsenite (permitting quantification of
individuai inorganic arsenic species), and selective distillation of methyl arsines to quantify MMA and

DMA (Andreae 1977; Braman et al. 1977; Crecelius 1978).

Table 6-1 summarizes a variety of methods for measuring total arsenic and individual arsenic species in
biological materials. None of these methods have been standardized by EPA or other federal agencies.
Detection limits in blood and urine are about 0.1-1 ppb for most techniques; limits for hair and tissues are

usually somewhat higher.
6.2 ENVIRONMENTAL SAMPLES

Arsenic in environmental samples is also measured most often by AAS techniques, with samples prepared
by digestion with nitric, sulfuric and/or perchloric acids (Dabeka and Lacroix 1987; EPA 1994b, 1983b;
Hershey et al. 1988). Other methods employed include a spectrophotometric technique in which a soluble
red complex of arsine and silver diethyldithiocarbamate (SDDC) is formed (APHA 1977;EPA 1983c),
inductively-coupled plasma atomic emission spectroscopy (ICP) (EPA 1982b, 1996a), graphite furnace
AAS (EPA 1994b), ICP-MS (EPA 1994a), and X-ray fluorescence (Khan et al. 1989; Nielson and Sanders
1983).
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Since arsenic in air is usually associated with particulate matter, standard methods involve collection of air
samples on glass fiber or membrane filters, acid extraction of the filters, arsine generation and analysis by

SDDC spectrophotometry or AAS (APHA 1977; NIOSH 1984).

Methods standardized by the EPA for measuring total arsenic in water and wastewater, solid wastes, soil
and sediments include: ICP-MS (EPA 1994a, 1991a), ICP-AES (EPA 1996a), graphite furnace AAS
(EPA 1994b), quartz furnace hydride generation AAS (EPA 1996f)and an electrochemical method using
anodic stripping voltammetry (EPA 1996b). Similar methods are recommended by APHA for water using
AAS/hydride generation (APHA 1989c), AAS/graphite furnace technique (APHA 1989b), ICP (APHA
1989d), or SDDC spectrophotometry (APHA 1989a). The AAS/hydride generation method is generally
resistant to matrix and chemical interferences (APHA 1989a). Techniques to compensate for these

interferences have been described by EPA (1982b).

Analysis for arsenic in foods is also most frequently accomplished by AAS techniques (Arenas et al. 1988;
Dabeka and Lacroix 1987; Hershey et al. 1988; Tam and Lacroix 1982). Hydride generation is the sample
preparation method most often employed (Arenas et al. 1988; Hershey et al. 1988), but interferences must

be evaluated and minimized.

Speciation of inorganic arsenic in environmental samples is usually accomplished by chromatographic
separation, chelation-extraction or elution of As+3 and then reduction of As+5 with subsequent similar
treatment (Butler 1988; Lopez-Gonzalvez 1995; Mok et al. 1988; Rabano et al. 1989). Methods are also
available for quantifying organic arsenicals in environmental media, including arsenobetaihe in fish
(Beauchemin et al. 1988; Cannon et al. 1983) and other organic forms of arsenic in water, soil and foods
using hyphenated methods of separation and detection (HPLC/ICP-MS, HPLC/HGAAS, IC/ICP-MS)
(Andreae 1977; Braman et al. 1977; Comber and Howard 1989; Crecelius 1978; Heitkemper et al. 1994;
Lépez-Gonzélvez et al. 1994; Odanaka et al. 1983; Terisahde et al. 1996).

A summary of selected methods for analysis of total arsenic and individual inorganic and organic arsenic

species in environmental samples is presented in Table 6-2.
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6.3 ADEQUACY OF THE DATABASE

Section 104(I)(5) of CERCLA directs the Administrator of ATSDR (in consultation with the Administrator
of EPA and agencies and programs of the Public Health Service) to assess whether adequate information
on the health effects of arsenic is available. Where adequate information is not available, ATSDR, in
conjunction with NTP, is required to assure the initiation of a program of research designed to determine

the health effects (and techniques for developing methods to determine such health effects) of arsenic.

The following categories of possible data needs have been identified by a joint team of scientists from
ATSDR, NTP, and EPA. They are defined as substance-specific informational needs that if met would
reduce or eliminate the uncertainties of human health assessment. This definition should not be interpreted
to mean that all data needs discussed in this section must be filled. In the future, the identified data needs
will be evaluated and prioritized, and a substance-specific research agenda will be proposed.

6.3.1 ldentification of Data Needs

Methods for Determining Biomarkers of Exposure and Effect.  The most useful biomarkers
of exposure to arsenic are levels of arsenic in urine, hair, or nails. Existing methods are sufficiently
sensitive to measure background levels of arsenic in these tissues for average persons, and to detect
increases as a result of above-average exposure (Agahian et al. 1990; Curatola et al. 1978; Clyne et al.
1989; Foa et al. 1984; Landsberger and Simsons 1987; Mushak et al. 1977; Pinto et al. 1976; Valentine et
al. 1979; Versieck et al. 1983). The precision and accuracy of these methods are documented. Methods
are also available that can distinguish nontoxic forms of arsenic (arsenobetaine) from inorganic and organic
derivatives that are of health concern (Braman et al. 1977; Dix et al. 1987, Johnson and Farmer 1989;

. Norin and Vahter 1981; Tam et al. 1982). Further efforts to improve accuracy, reduce interferences and

detect multiple species using a single analysis would be valuable.

Arsenic is believed to act by inhibition of numerous cell enzymes and/or by interfering with phosphate
metabolism, and effects on several enzyme systems have been characterized in animals and in vitro.
However, these effects are not specific to arsenic, and most can only be measured in tissue extracts.
Efforts to identify an arsenic-specific enzymic or metabolic effect would be valuable, particularly if the
effect could be measured using non-invasive techniques, and if the effect were specifically linked to the

dermal, neurological, or hematological injuries that are characteristic of arsenic toxicity.
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Methods for Determining Parent Compounds and Degradation Products in Environmental
Media.  Arsenic is ubiquitous in the environment. It is found in air, water, soil, sediments, and food in
several inorganic and organic forms. Analytical methods exist for the analysis of arsenic species in all of
these environmental media, and these methods have the sensitivity to measure background levels and to
detect elevated concentrations due to emissions from sources such as smelters, chemical plants, or
hazardous waste sites (APHA 1977, 1989¢c; EPA 1982b, 1983a, 1983b, 1983c, 1991a, 1994b, 1996a,
EPA 1996f). However, further research to reduce chemical and matrix interferences may impfove the

speed and accuracy of the analyses.
6.3.2 Ongoing Studies

Methods to reduce detection limits, decrease interelement interferences and to investigate applications of

different separation methods for arsenic species are being pursued (FEDRIP 1998).

***DRAFT FOR PUBLIC COMMENT***




