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1.2, Sampling

The most important single step in an analysis s collecting the sample of the material 1, p,
analyzed. Real materialy are usually not homogeneous, 5o the sample must be chosen carefully 1,
he representative of the real material, wmﬂmma,mmplg is one that reflects the true vajye
andd ¢ | ‘matgial, 1f the sample is not taken properly, no matter
how excellent the analytical method or how expert the analyst, the result obtained will not provide
a reliable characterization of the material. Other scientists, law enforcement officials, and med;.
cal professionaly often collect samples for analysis, sometimes with no training in how to take 4
proper sample. The analytical chemist ideally would be part of the team that discusses collection
of samples before they are taken, but in reality, samples often “show up” in the lab. It is important
that the analyst talks with the sample collector before doing any analyses; if the sample has been

| ’cunlnmlnuted or improperly stored, the analysis will be not only a waste of time but can also lead to
1 oo brroneous conclusions{In elinical chemistry analysis, this could lead to a misdiagnosis of a disease
on; in forensic analysis, this could lead to a serious miscarriage of justicey

ol 8 ,\dlu
The amount of sample tnken must be sufficient for all analyses to be carried out in duplicate or

waken
o riplicate, if possible, Of course, if only a small quantity of sample is available, as may be the case

for forensic samples from a erime scene or rocks brought back from the moon, the analyst must do
the best job possible with what is provided.

A good example of the problems encountered in sampling real materials is collecting a sample
of o metal or metal alloy. When a molten metal solidifies, the first portion of solid to form tends to
be the most pure (remember freezing point depression from your general chemistry class?). The last
portion to solidify is the most impure and is generally located in the center or core of the solidified
metal. It is important to bear this in mind when sampling solid metals. A sample is often ground

from a representative cross section of the solid, or a hole is drilled through a suitable location

nnelhc drillings mixed and used as the sample.

Samples have to be collected using some.Lype of collection tool and put into some ty
iners can often contaminate the sample. For example, stainless steel

tainer. These tools and containers ate the s
needles can add traces of metals to blood or serum samples. Metal spatulas, scissors, drill bits, glass

pipettes, filter paper, and plastic and rubber tubing can add unwanted inorganic and organic con-
taminants to samples. To avoid iron, nickel, and chromium contamination from steel, some imple-

ments like tongs and tweezers can be purchased with platinum or gold ti?
The discussion of sampling, which follows, refers to the traditiond] process of collecting a

sample at one location (often called “collection in the field") and transporting the sample to the
Iaboratory at a different location. Today, it is often possible to analyze samples in situ or during the
production of the material (online or process analysis) with suitable instrumental probes, completely
eliminating the need for “collecting” a sample. Examples of in situ and online analysis and field
poggable instruments will be discussed in later chapters,

he process of sampling requires several steps, especially when sampling bulk materials such
as conl, metal ore, soil, grain, and tank cars of oil or chemicals. First, a gross representative sample
is gathered from the /o) The lot is the total amount of material available. Portions of the gross
sample should be taken from various locations within the lot to ensure that theggross sample is
representativédy For very large lots of solid material such as coal or ore, the long pile and alternate
shovel metholl can be used, The material is formed into a long rectangular pile. It is then separated
into two piles by shoveling material first to one side and then to the other, creating two piles. One

pile is set aside. The remaining pile may be reduced in size by repeating the process, until a sample
of & size to be sent to the laboratory remains. Thecone and quarter method is also used to collect
a gross sample of solid materials. The sample is made into a circular pile and mixed well. It is then

separated into quadrants. A second pile is made up of two opposite quadrants, and the remainder

pe of con-
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Discard opposite
quarters
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Top view
Figure 1.3 The cone and quarter method of sampling bulk materials.

of the first pll&“j dlscar.ded. This process is shown in Figure 1.3. This process can be repeated until a
sample of a su1.table size for anal).lsw is obtained. This sample can still be very large. Ferroalloys, for
exarl}ple, are highly Segregated (i.e., inhomogeneous) materials; it is not uncommon for the amount
requ1red.f01' a representative sample of alloy in pieces about 2 in. in diameter to be 1 ton (0.9 Mg)
of material from the lot of alloy.

A computer program that generates random numbers can choose the sampling locations and is
very useful for environmental and agricultural sampling. If the lot is a field of corn, for example,
the field can be divided into a grid, with each grid division given a number. The computer program
can pick the random grid divisions to be sampled. Then a smaller, homogeneous laboratory sample
is prepared from the gross composite sample. If the sample is segregated (i.e., highly inhomo-
geneous), the representative sample must be a composite sample that reflects each region and its
relative amount. This is often not known, resulting in the requirement for very large samples. The
smaller laboratory sample may be obtained by several methods but must be representative of the lot
and large enough to provide sufficient material for all the necessary analyses. After the laboratory
sample is selected, it is usually split into even smaller test portions. Multiple small test portions
of the laboratory sample are often taken for replicate analyses and for analysis by more than one
technique. The term aliquot is used to refer to a quantitative amount of a dissolved test portion; for
example, a 0.100 g test portion of sodium chloride may be dissolved in water in a volumetric flask to
form 100.0 mL of test solution. Three 10.0 mL aliquots may be taken with a volumetric pipette for
triplicate analysis for chloride using an ion-selective electrode, for example.

As the total amount of the sample i reduced, it should be broken down to successively smaller
pieces by grinding, milling, chopping. or cutting. The 1 ton sample of ferroallo.y, fqr example, must
be crushed, ground, and sieved many times. During the process, the sample size is reduced using
a sample splitter called (riffle) After all this and then a ﬁnald a 1 Ib 454 g) sample
remains. The sample must be mixe
resentative of the original. The grin

d well during this entire process to ensure that it remains rep-
ding equipment used must not contaminate the sample. For

example, boron carbide and tungsten carbide are often used in grinding samples because they are
very hard materials, harder than most samples. However, they can contribute boron or tungsten to
the ground sample, so would not be used if boron or tungsten must be measured at low concentra-
tions. Zirconium oxide ball mills can contribute Zr and Hf to a sample. Stainless steel grinders
are a source of Fe, Cr, and Ni. Some cutting devices use organic fluids as lubricants; these must be

removed from the sample before analysis.
milling step to cause erroneously low results for some

It is also possible for the grinding or
analytes. Malleable metals like gold may adhere to the grinding or milling surface and be removed
from the sample in the process, an undesirable effect. An example of sampling a segregated mate-

rial with a problematic component like gold is illustrated in Figure 1.4. The rectangular piece at
the top is a hypothetical piece of gold-bearing quartz. The gold is represented as the dark flecks.
You can see that the gold appears in bands within the quartz, separated by bands of pure - e
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Size I Size 11 Size 111
(accurate representation (accurate representation (may be difficult to mix properly)
requires too large a sample) can be achieved with a

reasonably sized sample)

Figure 1.4 Sampling of a segregated material with a problematic component like goid. (Extracted
from Dulski, T.R., A Manual for the Chemical Analysis of Metals, ASTM International, West

Conshohocken, PA, 1996. With permission. Copyright 1996 ASTM International.)

(the white area). If the rock is crushed to Size I, the gold particles have not been liberated from the
quartz; some pieces have gold flecks and many large pieces are pure quartz. At this size, it is dif-

ficult to remove a sample of the rock pieces and expect it to be representative. If the rock is crushed
to a smaller size, Size II, it is evident that a representative small sample can be obtained. If the rock
is crushed to Size I1I, the gold particles are freed from the quartz matrix. If this sample could be
mixed perfectly, a smaller sample could be taken to represent the whole than the sample needed at
Size II. (Why would this be desirable? The smaller the analytical sample, the less gold is used up by
analysis. This is an important consideration with valuable analytes and valuable samples.) But the
gold particles and the quartz particles have different densities and shapes and will be difficult to mix
well. As mentioned earlier, gold is soft and malleable. If it is broken out of the quartz, it may become
embedded in the grinder or smeared onto surfaces in the grinding equipment, so some gold may
actually be lost from the sample particles ground to Size I11. Size II will give a more representative
sample than either of the other sizes.
Sampling procedures for industrial materials, environmental samples, and biological sam-
ples are often agreed upon, or standardized, by industry, government, and professional societies.
Standard sampling procedures help to ensure that the samples analyzed are representative and are
not contaminated or changed during the sampling process. Standard sampling procedures for many
materials can be found in the Annual Book of ASTM Standards, for example. Sampling procedures
for soil, water, and air are established by the US EPA in the United States and similar governi<
organizations in other countries. Procedures for sampling of water and wastewater can be found 17
Standards Methods for the Analysis of Water and Wastewater: the AOAC publishes procedures for
food products. The bibl iography provides some examples of these publications. A good analyt
chemist will consult the literature before sampling an unfamiliar material. Some general guidelin®

for sampling different classes of materials are discussed here.

1.2.3.1 Gas Samples
erally considered homogeneous, but gas mixtures may separate into Iag:

Gas samples are gen
ers of differing density. Samples that have been collected and allowed to settle will need ©
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stirred before a portion is taken for analysis. Gas samples can be taken at a single point in time
(callt?d a grab sample) or can be collected over a period of time or from different locations to
provxde an ave{'age or composite sample. Gas samples can be collected using gas-tight syringes,
balloons, plastic bags, or containers made of metal or glass that can be evacuated. Sampling of
toxic, flammable, or corrosive gases should be done with great care using appropriate safety
equipment.

The containers used to collect the samples must not contaminate the sample with analyte. Plastic
bags and balloons may leach volatile organic compounds into the gas sample, while glass may adsorb
components of the sample onto the surface of the glass.

Certain components of gas samples, such as organic vapors in air, may be collected by pull-
ing the air through activated charcoal. The organic gases are adsorbed onto the charcoal, while
the majority of the air (oxygen, nitrogen, etc.) passes through. This has the advantage of precon-
centrating the analytes of interest and reducing the physical size of the sample. Many liters of
air can be pulled through an activated charcoal bed that is no bigger than a ball-point pen. It is
much easier to transport the analytes trapped on the charcoal to the laboratory than to transport
hundreds of liters of air. The process of trapping an analyte out of the gas phase is called “scrub-
bing.” Scrubbing a gas sample can also be done by bubbling the gas through a liquid that will
absorb the analytes of interest.

Gas samples may contain particles of solid material that need to be removed by filtration. The
filter material must be chosen so that it does not adsorb analytes or add contaminants to the gas.
Filters are available that will remove particles as small as 0.2 pm in diameter from a gas stream.

1.2.3.2 Liquid Samples

Liquid samples can also be collected as grab samples or as composite samples. Sampling
liquids can be quite difficult; it is not always as straightforward as “pouring some’ out of a bottle
or dipping a bucket into a fluid. Only a few comments with respect to general sampling of liquids
can be made here. It is usual to stir liquid samples adequately to obtain a representative sample;
however, there may be occasions when stirring is not desired. If the analyst is only interested in
identifying an oily layer floating on water, stirring the sample is not needed; the oily layer may
be pulled off with a pipette or an eyedropper, for example. Samples must be collected at locations
remote from sources of contamination if a representative sample is desired. For example, if a
sample of “normal” river water is desired, the sample should be collected away from riverbanks,
floating froth, oil, and discharges from industrial and municipal waste treatment sites. Sampling
of rivers, lakes, and similar bodies of water may require samples from different depths or dif-
ferent distances from shore. Such samples may be analyzed individually or blended to obtain an

average composition.

Liquid samples may contain particles of solid material that need to be removed by filtration or

centrifugation. The filter material must be chosen so that it does not adsorb analytes or contami-
nate the liquid. Some samples that are mostly liquid contain suspended solid material; orange juice
and liquid antacids are examples. In these types of samples, the liquid and its associated solids
may need to be sampled for analysis without removing the solids. It may be difficult to obtain a
representative sample from these suspensions; a standard sampling procedure is needed to ensure
that results can be compared from one day to the next. Liquid samples may consist of more than
one layer because they contain two or more immiscible liquids. Examples include samples of oil
and water from an oil spill at sea, oil and vinegar salad dressing, or cream at the top of a bottle of
milk. The layers may need to be emulsified to provide a représentative sample, but it may be more
useful to sample each layer separately. Aoy

 Sampling of hot molten materials such as metals, alloys, and glasses is a form of liquid sam-
Pling, but one requiring very specialized equipment and techniques. |
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1.4.1 Acid Dissolution and Digestion

decomposed (digested or “wet .‘l\h‘L‘Ll")‘l:v‘ "\'\“‘1\“'?" such samples. Organic materials can be
5 R e s sing concentrated acids to remove the carbonaceous
n‘m(erml and .xu!ubxluc the trace elements in samples such as biological tissues, foods, and plas-
tics. A sample is generally weighed into an open beaker, concentrated acid is added, and the
.hfmkcr heated on a hot plate until the solid material dissolves. Dissolution often is much faster
if s Sample can be heated at pressures greater than atmospheric pressure. The boiling point of
the solvent is raised at elevated pressure, allowing the sample and solvent to be heated to higher
temperatures than can be attained at atmospheric pressure. This can be done in a sealed ves-
sel, which ‘_”5“ has the advantage of not allowing volatile elements to escape from the sample.
Special stainless steel high-pressure vessels, called “bombs,” are available for acid dissolution
and for the combustion of organic samples under oxygen. While these vessels do speed up the
dissolution, they operate at pressures of hundreds of atmospheres and can be very dangerous if
not operated properly. Another sealed vessel digestion technique uses microwave digestion. This
technique uses sealed sample vessels made of polymer, which are heated in a specially designed
laboratory microwave oven. (Never use a Kitchen-type microwave oven for sample preparations.
The electronics in kitchen-type units are not protected from corrosive fumes, arcing can occur,
and the microwave source, the magnetron, can easily overheat and burn out.) The sealed vessel
microwave digestion approach keeps volatile elements in solution, prevents external contami-
nants from falling into the sample, and is much faster than digestion on a hot plate in an open
beaker, Microwave energy efficiently heats solutions of polar molecules (such as water) and ions

mineral acids) and samples that contain polar molecules and/or ions. In addition, the

(aqueous
ng point. Commercial analytical

sealed vessel results in increased pressure and increased boili
microwave digestion systems for sealed vessel digestions are shown in Figure 1.6.

The acids commonly used to dissolve or digest samples are hydrochloric acid (HCI), nitric acid
(HNO,). and sulfuric acid (H,SO,). These acids may be used alone or in combination. The choice of
acid or acid mix depends on the sample to be dissolved and the analytes to be measured. The purity
of the acid must be chosen to match the level of analyte to be determined. Very-high-purity acids

(@) (b)

microwave digestion systems for sealed vessel digestions. (Courtesy

Flgure 1.6 (a, b) Commercial analytical
NC. www.cem.com.)

of CEM Corporation, Matthews,
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20

f':’ m’“z' 30 3:1 HCVHNO,

il 20 1:1 HCIVH,0O
Zlncl 'm‘m“"' . 20 H,S0O,, 3-5 drops HNO,

20 HCI

Zirconium metal 15 HE
Alloys
Copper alloys 30 1:1 HNOyH,O
Low alloy steels 20 3:1 HCI/HNO,
Stainless steels 30 1:1 HNOyHCI
Titanium alloys 100 1:1 HCI/H,0, 3-5 drops HNO,
Zinc alloys 30 1:1 HCI/H,O, dropwise HNO4
Zirconium alloys 40 1:1 H,SO,/H,0, 2 mL HF dropwise
QOther materials
Borosilicate glass 12 10 mL HF + 2 mL 1:1 H,SO/H,0
Dolomite 40 1:1 HCIH,0
Gypsum 50 1:1 HCI/H,O
Portland cement 20 HCI + 3 g NH,CI
Silicate minerals 30 10 mL HF + 20 mL HNOg
Titanium dioxide 15 HF
Zinc oxide 15 1:1 HCI/H,O

Source: Extracted from Dulski,
Metals, ASTM Inte
permission. Copyrig

Note: “Dropwise” mean

= 1{ g test portion is use

1.4.2 Fusions

s add

TR., A Manual for the Chemical Analysis of

rnational, West Conshohocken, PA, 1996. With

ht 1996 ASTM International.
drop by drop until dissolution is complete.

d: warm to complete reaction.

d salt at high temperatures until the

Heating a finely powdered solid sample with a finely powdere

mixture melts is called a fusion 0
water or dilute acid to dissolve the ana
ICP-MS. Often. the molten fusion mixture IS |
The resulting glassy disk is used for quantitati

for the dissolution of silica-containing mineral.s.
bides and borid:

r molten salt fusion. The reacted and cooled melt is leached with
lytes for determination of elements by atomic spectroscopy or
ture is poured into a flat-bottomed mold and allowed to cool.
ve XRF measurements. Molten salt fusions are useful
glass, ceramics, ores, human bone, and many dif-
ficultly soluble materials like car es. The salts used (c'alled “ﬂux.es”) include.sodium
carbonate, borax (sodium tetraborate), lithium metaborate, and sodium p?romde. 'I:he fusions are
carried out over a burner or in 2 muffle furnace in crucibles of the appropriate r:}atenal.' Depen_dlng
on the flux used and the analytes to be measured, crucibles may be made of platinum, nickel, Zirco-
nium, porcelain, quartz. of glassy carbon. Automated “fluxers” are available that will fuse up to SIX

; into XRF molds or into beakers, for laboratories that perform

samples at once ur the melts :
> sl n is that the salts used as fluxes can introduce

large numbers of fusions. The drawback of fusio ;
. nts into the sample, the crucible material itself may contaminate thc:
no

many trace element contamina : ;
m;]g mdelhe elements present in the flux itself cannot be analytes in the sample. Fusion can
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Table 1.12 Molten Salt Fusions of Materials

Material® Dissolution Procedure
Bauxite 2 g Na,COy; Pt cé&l

Corundum 3gNa,CO,+19 H,BO,; Pt c&l
Iron ores 5gNa,0,+59 Na,COyj; Zr c&l
Niobium alloys 10 g K,S.0;; fused silica crucible
Silicate minerals 10 g 1:1 Na,CO5:Na,B,O; Pt c&l
Tin ores 10 g Na,O, + 5 g NaOH; Zr cé&l
Titanium ores 7gNaOH + 39 Na,O,; Zr c&l
Tungsten ores 8 g 1:1 Na,CO4/K,CO;; Pt cé&l

Source: Extracted from Dulski, T.R., A Manual fqr the
Chemical Analysis of Metals, ASTM Interna'tlopal,
West Conshohocken, PA, 1996. With permission.
Copyright 1996 ASTM International.

Note: c&l, crucible and lid.

a 1 g test portion is used.

be used for boron determinations if the flux is borax or lithium metaborate, for example. Platinup
crucibles cannot be used if trace levels of platinum catalyst are to be determined. Table 1.12 gives
examples of typical fusions employed for materials.

1.4.3 Dry Ashing and Combustion

To analyze organic compounds or substances for the inorganic elements present, it is often neces-
sary to remove the organic material. Wet ashing with concentrated acids has been mentioned as one
way of doing this. The other approach is “dry ashing,” that is, ignition of the organic material in air
or oxygen. The organic components react to form gaseous carbon dioxide and water vapor, leaving
the inorganic components behind as solid oxides. Ashing is often done in a crucible or evaporating
dish of platinum or fused silica in a muffie furnace. Volatile elements will be lost even at relatively
low temperatures; dry ashing cannot be used for the determination of mercury, arsenic, cadmium,
and a number of other metals of environmental and biological interest for this reason. Oxygen bomb
combustions can be performed in a high-pressure steel vessel very similar to a bomb calorimeter
One gram or less of organic material is ignited electrically in a pure oxygen atmosphere with a smal
amount of absorbing solution such as water or dilute acid. The organic components form carbon diox
ide and water and the elements of interest dissolve in the absorbing solution. Combustion in oxygen &
atmos.pheric pressure can be done in a glass apparatus called a Schoniger flask. The limitation to ths
techmque is sample siz.c; no more than 10 mg sample can be burned. However, the technique is used
to obtain aqueous solutions of sulfur, phosphorus, and the halogens from organic compounds contai

ing these heteroatoms. These elements can then be determined by ion-selective potentiometry, IC.
other methods. :
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