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.. . . .. 
A reVIew of analytical methods for the qualitative and quantitative 
detennmation of crystalline silica is presented. The three prevalent 
forms of crystalline silica-quartz, cristobalite, and tridyrnite-are 
alluded to. Performance and popularity of present quartz analytical 
methods such as X-ray diffiaction (XRD), inftared (JR) spectroscopy, 

. ,~Cal T tind I . try ill tr ted us mg Pr0fiCl' Anal "'; . an co omne are us a ency es g
(P A T) Pr da Alth gh b tial . . -" 

L'- ogram ta. ou su stan Improvements m pec,-or-
. 

mance have been made smce the 1970s, quartz PAT sample results 
still continue to display high imprecision (>20% coefficient of varia- 
tion). Past and present analytical methods are detailed in terms of 
theory and use, and strengths and weaknesses Methodsare discussed. 
include gravimetric, chemical, microscopic, atomic absorption, 
XRD, JR, and colorimetry. Methods for determining bulk materials 

.such as thermal analySIs . .and nuclear magnetic resonance are bnefly 
discussed.Results of a survey regarding international use of analytical 
methods for quartz are displayed. Both in the United States and in- 
ternationally, the most popular methods are XRD and JR. Perfor- 
mance criteria such as detection limits, precision and accuracy, and 
potential future trends are shown using international data. Future 

. ..
needs for enhanCIng quartz analysIs, such as a comprehenSIve evalu

... . 
atlon of direct-on-filter techniques, an attempt at consensus for tndy-

mite analysis, a consensus for defining analytical performance param- 
eters for quartz in general, and a continued examination of methods 
for analyzing bulk materials for quartz, are suggested. MADSEN, F.A.; 

M.C.;CEE, R.: REVIEW ANAlYllCAl PRESENTROSE, OF QuARTZ METHODOlOGIES: AND 
FUTURE Am. OccuP. HvG. 10(12):991-1002; NEEDS. ENVIRON. 1995. 

A variety of analytical methods have been used to assess 
occupational exposures to airborne concentrations of 

. .. 
quartz ill the workplace and to charactenze quartz content ill. 
b lk .a1s I h U . d S th 0 . S r u maten . n t e mte tates, e ccupatlonal a,-ety

d al h Ad .. . (OSHA) h . SafC d 
an He t . . ml~stratlon , t e ~ille ~ty an 
Health ~dmimstratlon (MSHA), and the Natlonal Instltut~ for 
?ccupatl~nal ~afety and ~ealth (NIOSH~ have be~n actlvely 
illvolved ill USillg, evaluatlng, and advancillg analytlcal meth- 
odology for determinations of quartz. Other countries have 
also progressed in their attempts to assessand categorize a 
substance that is very prevalent in mining and general industry. 
The progress of quartz analysis in the United States is re- 
viewed, methods used internationally are presented, and future 
enhancements are suggested. 

History: United States 
Approximately 8.2 million American workers (including agri
cultural workers) are potentially exposed to crystalline silica 
(primarily quartz) dust each year. (1) Because of the importance 
of monitoring to the protection of such a large number of 
workers, numerous analytical methods have been developed 
for the analysis of Crystalline silica by the three governmental .. (2-11) ... . . 
entitles. The high illc1dence of mlne-related 111nesses andh d h hi . all b h d .. r r bli h. 

azar s as stonc y een t e nvillg ,-orce ,-or esta s illg 
medical, health, and safety programs in government and in
dustry. To address hazards related to toxic substances and their 
identification in the western region of the United States, the 
Occupational Health Field Station (Ft. Douglas, Utah) of the 
U.S. Public Health Service in the 1940s provided industrial 
hygiene analytical support. This support function eventually 
became a part,ofNIOSH. With the passage of the OSHA Act 
ill. 1970, the fa ili.ty and most 0 f the s ta:ffwere eventuallyc 
transferred to OSHA. MSHA, OSHA, and NIOSH continued 
to aid in the development of exposure assessment techniques 
for quartz and other toxic substances. Development of assess
ment techniques followed two tracks: 

li h . I f fi di h al h h ds .
1. To accomp s 1tS ro es 0 ill ng e t azar ill the

k I d rt . OSHA d MSHA' bili. 
wor p ace an suppo illg an s a ty t 0 
regulate the work environment, NIOSH searched for sam

pling and analytical methodology and demonstrated tech
nical feasibility for use in workplace monitoring. 

2. To support the enforcement of federal OSHA regulations, 
the OSHA Salt Lake Analytical Laboratory analyzed sam
pIes and provided technical assistance to federal compliance 
officers. Methods development for quartz and other sub
stances at the laboratory addressed primarily OSHA's ana
lytical needs for enforcing compliance with state-of-the-art 
equipme~t. MSHA also provided similar support through 
their own analytical and regulatory network. 

Whil OSHA d MSHA h . 
e an concentrate on t elr own needs 

. . . . 
(l.e., the best SC1entlfically supportable evidence for poss1ble . . .
use ill the federal courts), NIOSH research IS broader ill scope 
and caters to both public and private analytical laboratory 
settings. NIOSH methods may cover substances not regulated 
by OSHA and also may contribute to the needs ofMSHA. In 
tenns of employee protection, the regulatory jurisdiction of 
MSHA is mining operations. OSHA covers general industry 
and construction. For both MSHA and OSHA, compliance air 
samples are generally obtained from employees with the high
est potential exposure, and compliance air samples for quartz 
are among those samples most often exceeding the OSHA 
permissible exposure limit (PEL). 
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Wh~t Is ~uartz? .. . . 
In disCUSSIng 

b 
the analysIs of crystalline silica, the focus will be 

.. h b d -i:. . 
on quartz ecause It IS t e most a un ant surlace mIner,al 

amounting to almost 20 percent in the earth's crust. Quartz, 
specifically the form stable below 573°C, is called alpha quartz. 
The toxicological response to alpha quartz in occupational 
settings is particle size dependent, with the health risk most 

often associated with the respirable size range. 
The common names silica, flint, and sand are often applied 

to quartz. The use of common names should be avoided 
because they can confuse the issue. For example, the term silica 
is not synonymous with quartz but corresponds to the chem- 

ical silicon dioxide, which includes quartz, cristobalite, tridy- 
mite, exotic high pressure forms (e.g., stishovite, coesite) , 
amorphous silica, silica fume, and fumed silica, 

Regulated Toxic Forms of Crystalline Silica: Quartz, Cristobalite, 
and T ridymite 
Because alpha quartz is the most abundant toxic form of silica, 
it is the form most often addressed in industrial hygiene (IH) 
analytical laboratories around the world. Cristobalite is a high 
temperature form of silica. It is not thermodynamically stable at 
room temperature, but can be frozen out as a metastable form 
by rapid cooling to room temperature. Volcanic explosions can 
release cristobalite dust into the atmosphere. At ambient tem- 
peratures near the earth's surface, quartz is more stable than 
cristobalite. Accordingly, cristobalite is rare in the environ- 
ment, but can be produced industrially by treating silica-
containing materials with high temperatures (>14700C). 

About 4 percent of the nearly 2000 bulks analyzed for silica 
during the National Occupational Health Survey of Mining by 
NIOSH have contained greater than 1 percent cristobalite.(12) 
Primary and secondary standard reference materials (also called 
certified reference materials) exist for both quartz and cristo- 
balite. Tridymite is another high temperature (>S70°C) form 
of a material that is primarily silica. Tridymite is also metastable 
at room temperature. Tridymite formation, however, requires 
the presence of a mineralizer or flux such as sodium oxide. In 
nature it is found less frequently than cristobalite. It is unclear 
whether tridyrnite is a low sodium (low alkali) silicate or an 
impure silica. The potential for a variable composition makes 
it difficult to obtain a consensus on the creation of a tridyrnite 
standard reference material and consequently the evaluation of 
its toxicity and laboratory analysis. It is potentially found in 
industry, but very few data exist on tridyrnite because of the 
analytical problems it presents. Occupational exposure to the 
three substances is regulated by OSHA, with tridymite and 
cristobalite having lower PELs than alpha quartz. 

Quartz Analysis 

Relationship to Structure 
When a compound can have different crystal structures, they 
are jointly referred to as crystalline polymorphs of that com- 
pound. Quartz, cristobalite, and tridyrnite are crystalline poly- 
morphs of silica, differing in their respective fixed large-scale 
periodic patterns. Amorphous silica has a more random large- 
scale arrangement. At the atomic level, these polymorphs, 
silica-containing glasses, many silicate minerals, and other 
common materials have the silicon atom located in the center 
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Quartz PAT Results-Variability 
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FIGURE 1. PAT results for quartz: variability. 

. . . . 
of a tetrahedron of oxygen atoms. That SImilarity of chemIstry 
and structure is the major cause of the analytical problems 
facing the laboratory analyst. The route of analysis often re
quires exploiting the unique differences in the physics and 
chemistry of these materials. Analytical laboratories have dif
ferent resources of equipment, personnel, and time available. 
Techniques and methods used to analyze IH air samples in
clude gravimetric analysis, chemical analysis, colorimetry, 
atomic absorption (AA) spectroscopy, microscopy, infrared 
(IR) spectroscopy, and powder X-ray diffraction (XRD). 

Laboratory Performance 

The Proficiency Analytical Testing (PAT) Program was initi
ated to evaluate and improve performance in IH analytical labs. 
Quartz is one of the substances used in the PAT Program, and 
resultant performance of many analytical labs gives an indica
tion of the magnitude of analytical problems associated with 
quartz. Quartz samples are generated and distributed quarterly 
to participating labs. Results are compiled for each round and 
consensus between labs is explored. Rounds 1 through 30 
were conducted prior to 1974 (with fewer than 40 labs par
ticipating in analyzing quartz) when colorimetry was thedom
inant method used. Participation in quartz analysis grew from 
about 40 labs at round 30 to about 125 labs at round SO before 
decreasing to the current 93 in round 117. The true values and 
the control limits for the PAT Program are derived from a 
smaller set of about 60 reference labs. Figures..1 (derived £tom 
Reference 13) and 2 (derived from Reference 14) show overall 
imprecision data for reference labs participating in the ~AT 
Program analyses for quartz. Overall imprecision includes con
tributions from both the within-lab imprecision and the ~ari-
ability in overall recovery between labs. Recoveries are de
pendent on problems associated with instrument calibration 
and sample losses in handling. Central to instrument cali~ra-
tions is how well the respirable fraction corresponds to the 
standard reference material used. Laboratories in the ~)?AT 
Program have access to the same standard reference material. 
Figure 1 shows that over time precision has improved. Because 
the true result is by consensus, accuracy has also improved. 
Some of the apparent improvement is due to drift in analytical 
methodology and changes in standard refer~nce materials, ma
trix, PAT sample preparation, evaluation approach, and labo
ratory participation. 
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PAT Program- Recent Rounds 
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FIGURE recent rounds. 2. PAT results: 

Figure 2 compares the percent coefficients of variation 
(CVs) of recent PAT reference lab results for quartz, asbestos, 
metals, and the organic solvent trichloroethylene (not included 
in rounds 113 and 114). Even for the reference labs, the overall 
imprecision associated with quartz analysis and asbestos is very 
high compared with other analytes (averaging about 24% for 
all quartz sample loadings compared with 3 to 6% coefficients 
of variation for metals and organic compounds). The accept- 
able range for quartz in PAT results for round 114 even 
included a negative mass for quartz for the samples with the 
lowest quartz loading,(15) a physical impossibility resulting 
from the large spread. The control limits are defined as the 
mean :t3 times the standard deviation; therefore, negative 
control limits will always occur when the relative standard 
deviation exceeds 33Y3 percent. Large relative standard devia- 
tions are more common for quartz analyses at the lower sample 
loadings. The early data for quartz tended to indicate an 
asymmetric distribution typical of lognormal distributions, but 
recendy have appeared more symmetric. Starting in round 108 
(not shown) the statistical evaluation of quartz results has 
cha~ged from assuming lognormal to normal distributions. 
This calculational change has made the lower control limit less 
stringent. (14) The change to a normal distribution is encour- 
aging; it indicates that the accumulation of sampling and ana- 
lytical errors is now primarily additive rather than multiplica- 
tive. This may be due to the elimination of various sources of 
systematic error which tend to be multiplicative; however, the 
large imprecision compared with other analytes in the PAT 
Program demonstrates there is still room for improvement. 

Sources of High Imprecision and Poor Performance 
Both sampling and analytical error may contribute to poor 

performance. The PAT results are not immune to sampling
error, and improvements in performance may require changes 
in sampling. Evidence of problems associated with sampling- 
related poor performance includes the following: 

1. PAT .samples for quartz are made from air suspensions 
deposited on polyvinylchloride filters. Minor variability and 
error associated with generation and handling are possible. 
Ad~tional larg.e variations can occur. The PAT Program 
typiCally uses hght-colored materials that are virtually in-
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visible on the filters. When dark material was included in 
the NIOSH collaborative tests, occasional leakages to 
back-up pads were noted.(16) Dust shaken loose from the 
filters during transit is generally not analyzed. A significant 
fraction of the dust may occasionally remain in the styrene 
case used for transport and storage. 

2. Analytical problems are generally associated with the high 
degree of attention still necessary throughout the quartz 
analysis. Great care is necessary for the preparation of sam
pIes and standards from suspensions. Matching of standard 
and sample particle ulsize is of critical importance. Some 
. . f . till . d and he application interpretation 0 res ts 1S S requ1re, t 
of self-absorption corrections, background corrections, in
terference stripping, and peak integration is not uniform 
among participating labs. 

Precisionand Accuracy: Improvements 
The PAT Program does not currendy direcdy test within-lab 
analytical imprecision. Limited data from sets including sam
pIes with similar masses of quartz indicate that average within-
lab analytical imprecision amounts to over half of the overall 
imprecision.(13) Ifmatched samples were routinely provided to 
participating labs, average within-lab imprecision could be 
more readily assessed. 

The average within-lab precision determined for matched 
samples in the/PAT Program can dii£er significandy from the 
within-lab precision for individual labs. When labs receive 
results back from the PAT program, they should assess their 
performance and make necessary corrections in methodology. 
Participating labs may apply the criteria used by Shulman et 
al.(13) for an independent measure of in-house precision when 
similar loadings are included within or between PAT rounds. 
Alternately, labs may purchase duplicate sets from the PAT 
Program for measuring within-lab precision. For quartz anal
ysis, it is strongly recommended that labs monitor analyte 
recoveries and within-lab imprecision using an in-house qual
ity assurance program. 

Lab quality control samples (QCs) for most soluble analytes 
are prepared from spikes of well-behaved homogeneous solu
tions of known composition. Preparation of quality control 
filter samples for quartz in the mass range of 20 to 200 ILg is 
difficult. Laboratory-generated quartz aerosols are not suitable 
for accurately spiking filters at these low levels, and weighing 
such low mass spikes introduces unacceptable error in QC 
preparation. As a result, quartz QCs are normally prepared 
from liquid suspensions of quartz. Even so, great care is nec
essary to reduce inhomogeneity in the suspension(16) in order 
to prepare accurate QCs. With practice, in-house quality 
control data may show better performance than that indicated 
by the PAT Program. 

. . 
Quartz Method~: Historical . 
Because an.atyt1cal methods evolve over time to make use of 
new techn1ques and technology, the early methods used at 
government and private laboratories seem primitive by today's 
standards. Each method has its area of applicability as well as 
strengths and weaknesses. In the case of crystalline silica, the 
early methodologies are still used elsewhere to some extent. 
Others have taken on new roles in the analysis of crystalline 
silica; for example, the Talvitie cleanup(3.S-11,17) is still com
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mon for removing difficult interferences from bulk and air 
samples in preparation for colorimetric and X-ray tech-

. h . d .. al . .
illrnques.(18-20)Tec rnques use to asS1St an YZillg quartz ill 

the past were somewhat nonspecific. These included gravi- 
metric, chemical, and microscopic techniques. The micro-
scopic or petrographic techniques are less common today. 
Microscopic analysis for quartz is a powerful technique,(21) but 
requires well-trained individuals. 

Gravimetric Evaluation 

The Process of wei
ghin g dust does not confirm the Presence of 

. .quartz; all part1culate collected (often other mInerals) has 
weight and can be a positive interference. For this reason, 
gravimetric measurements are useful primarily to monitor un-
identified respirable dust exposures (OSHA PEL = 5 mg/m3) 
and to screen samples so that the more time-intensive and 
therefore more expensive analyses are only performed when 
significant potential exposures are indicated. Weight measure- 
ments may also be included as a first step for any of the 
following methods. 

Chemical Methods 
Chemical methods are rarely stand-alone methods, but are part 
of another method. Chemical treatments are used to remove 

. .. I .nonsili.ca contamInants pnor to mIcroscopy, co onmetry, etc. 
Several examples follow. 

In a small number of matrices, a simple acid wash can be 
used to remove easily soluble minerals(22) such as calcium 
carbonate. A drawback to this cleanup occurs when ionic 
fluorides are a part of the matrix: the HF formed can also 
remove the crystalline silicas. 

Some materials that are not acid soluble, such as graphite, 

volatiles, and organic material, can be removed by heating;(s.7) 
h . I . nl d owever, SlInp e matnces are not commo y encountere . 
More vigorous chemical treatments have been developed to 
make use of slight di1£erences in the chemical reactivity of 
minerals to remove noncrystalline silica and some minerals. 

The Talvitie treatment is a common example of a di1£erential 
chemical method used to minimize interferences including 
some silicate minerals. A sequence of reactions including a hot 
phosphoric acid wash is used to preferentially dissolve every- 
thing except the quartz. The technique has to be "tuned" to 
the specific apparatus used in the analysis. A simple gravimetric 

weighing of the residue would ideally give the mass of quartz 
in the sample; however, many substances are as resistant as 
quartz to the Talvitie treatment. The procedure may be 
stopped at this point when the Talvitie treatment is used to 
clean up samples, or additional steps can be used leading up to 
a colorimetric detennination,(3,10,17) The removal of interfer- 
ences is generally not complete and the analysis can show poor 
precision due to low recoveries resulting from loss of the 
smaller particles of quartz and high recoveries resulting from 
silicate residues.(19) 

Another common example is the potassium pyrosulfate fu- 
sion.(19) The sample is treated with a molten salt which dis- 
solves a great many metal oxides and leaves the quartz intact. 
The melt is cooled and the solubilized metals are dissolved in 
water, leaving the quartz dust which can be analyzed by the 
methods that follow. Great Britain's Health and Safety Exec- 
utive Uses this approach for some bulk samples.(22) 

APPL.OCCUP=-E_~IR~~~C}~
10(12) DECEMBER 1995 

Microscopy Methods 
DUST COUNTING. Dust samples were collected in 95 percent 
ethanol or isopropanol using an impinger and counted using a 
microscope.(2) Impingers were cumbersome and limited em
ployee movements, and the use of volatile flammable alcohols 
presented a fire hazard. 

. . 
PETROGRAPHIC ANALYSIS. The petrographic mIcroscopy 
technique is subjective, but it is also extremely sensitive when 
conducted by a well-trained individual, and in certain cases this 
method can have excellent results in the analysis of bulk 

I .. I ftsam~ :s. (21) By v1ewillg a we II-pr~pared samp e (e.g.,. a er 
TalV1tie treatment) through the. mIcroscope ~ne can discern 
the quartz as blue-yellow particles when v1ewed between 
crossed.polarizers. Th~ color .depends on. the ~rie~tation o~the 
crystalline fragments ill relation to the illumInating polanzed 
light. The o.ptical technique norm~y ~equires e~tensive .sam
pIe prepara~on and cleanup. Anal?,S1S 1S d~ne mIcrOScop1cally 
by the tedious process of counting part1cles. The method 
su1£ersfrom a difficulty (often inability) in distinguishing silica 
forms for the small particles involved in air samples; micros
copy is useful down to about 0.5 IJ.m. The image of the sample 
~s two-dimensi~nal; the third dim~nsion must be estimate~.. It 
1Sone method ill use for the analys1s of bulk samples by Bntish 
Columbia (23) . .. . . .. . 

Petrographi<;: mIcroscopy has limIted applicability and re
quire~ particles that are large eno~gh ~o ~scern ~he colors 
descnbed above and must also cons1st pnmarily of sillgle crys
tallite ~a~ents. Cryp~ocrystalline and ~crocrysta;lline <:Iuartz 
(e.g., tnpoli) are matenals where the part1cles cons1st oftighdy 
bound aggregates of many quartz crystallites in random orien
tations and cannot be detennined by this method. 

A . Ab .
tomlc sorption 

Analytical methods(9) which used the principle of AA as the 
end detector for quartz were almost identical to the colorimet
ric method. Samples were prepared using a hydrofluoric acid/ 
phosphoric acid treatment, and instead of fonning a colored 
complex, samples were then analyzed by AA for total silicon. 
The amount of quartz potentially present was calculated using 
a gravimetric factor. The method su1£ered from interferences 
and lack of specificity, and was very imprecise at levels below 
50 IJ.g quartz. 

Quartz Methods: Current 
Today in the United States the more accepted methods are 
colorimetric, XRD, and IR techniques. The MSHA and 
NIOSH IR methods for quartz in coal dust are very similar;(S,7) 
subde di1£erences are noted in the sample preparation. IR and 
XRD methods are well documented(S,11) and have been thor
oughly tested.(16) To examine how popular the three methods 
are, and how well they perform, PAT Program data were 
compiled and presented in graphic form. 

Figure 3 (derived from Reference 13) shows that the three 
analytical techniques (colorimetric, XRD, and IR) dominate. 
Other methods, such as AA, (9) have been used sparingly 
(shown as "Other" in the figure). The colorimetric procedure 
predominated for analysis of quartz until about 1974 or round 
30 of the PAT Program. Approximately 30 labs consistendy 
used the colorimetric procedure until recendy dropping to 15. 
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FIGURE by methodology. 3. PAT Program participation 

In the Unl .ted Stat XRD . th t I d 
es, IS e mos popu ar proce ure,

with IR coming in second 

Comparing the precisio~ trends indicated in Figure 1 with 

h h d I ds . . 3 d 
t e met 0 0 ogy tren ill FIgure emonstrates how well the. 
three techniques compare in terms of overall precision. Fig-

ure 1 shows historical data of variability in quartz analysis for 

minimum sample loading (a worst case scenario). Pooled co-

efficients of variation showed large imprecision in the begin-

ning when the colorimetric procedure was used extensively. 

The colorimetric method was used primarily until round 30. 

As XRD and IR became more popular, the overall precision 

has gradually improved. This corresponds to technical and 

procedural improvements in all three analytical techniques and 

not necessarily the decreased use of the colorimetric procedure 

over time. For these three methods, appropriate standard ref-

erence materials are used for calibrations whenever possible, or 

secondary standards are substituted which are traceable to 

standard reference materials. 

Powder XRD 

The most popular and precise method for quartz analysis is 

XRD. Because exposure limits (pELs, threshold limit values, 

recommended exposure limits, etc.) are for specific crystalline 

forms of silica, a method using the unique three-dimensional 

crystalline (lattice) structure of each polymorph would have 

the greatest advantage. 

XRD relies on the large-scale crystalline structure of quartz. 

Because crystalline substances such as quartz have different 

layering depending upon different perspectives of the crystal, 

XRD provides several additional analytical peaks. The most 

sensitive quartz peak is sufficient to distinguish it from cristo-

balite, tridymite, amorphous silica, and the vast majority of 

silicate minerals. Three additional quartz diffraction peaks are 

usually available for analysis and provide quantitative confir-

mation. These alternate analytical lines are usually sufficient to 

resolve most interferences, but chemical treatments can be 

used when needed. In this method, the intensity of diffracted X 

rays is compared with the intensities observed for known 

amounts of respirable quartz reference material of comparable 

particle size distribution. 
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To illustrate. the pot~ntiallevel of involvement for analysis of 

one sample, FIgure 4 IS the X-ray data for a sample prepared 

from settled dust on a hotel patio in Yakima, Washington. The 

setded dust (particles 90% of which were greater than 150 ILm) 

consisted primarily of material resulting from the eruption of 

Mt. St. Helens, and subsequent analysis assisted in evaluating 

the hazard to cleanup and lumber salvage crews. This sample 

required considerable physical and chemical preparation. The 

sample was ground and sieved to <45 ILm and an aliquot was 
weighed out and then treated with a customized Talvitie wash 

procedure optimized to clean up this specific matrix with a 
minimum loss of cristobalite. It was then deposited on a silver 

membrane and analyzed for cristobalite and for three different 

diffraction angles (lines) for quartz. Peak intensities, best de
termined by peak area, are shown having computer software-

I . ... 
se ected illtegranon limIts, and represent an early stage of data 
evaluation. The tertiary quartz line (peak on far right of Fig

ure 4) shows how interferences can be compensated for by 
stripping out an interfering peak. The primary and secondary 

quartz analytical peaks still have minor interferences that could 
. . 

not be chemIcally removed. At this stage of the analysis, the 

sample appe~rs to ~ontain approximately 3 percent quartz and 

6 percent cnstobalite. 
.. 

..~ uruts can have a l~ng, usefu~ lif~ span over which the 

lrutlal cost c~n be deprecIated. Uruts I? use 20 years aft~r 

manufacture are common: Compared WIth o~er met~ods ill 

comm~n use, XRD reqUIres the. most .expenslve eqUIpment, 

appr?Xlm~tely ~~75,000 per urut, which ma~ be offset by 

off~nng WIde UtilIty for quartz an~ o~her crystalline substances. 

It IS al~o useful for general .qualitanve an~ysis of subs~anc~s 

found ~n.the workplace.. :rhis can be partIcularly effectIve ill 

dete~rung .the COr:nposl~on o~ unknown su~stanc~s en~oun-

tered ill IH illspecnons, illcluding dry chemIcal spills discov

ered on loading docks, materials at construction sites where 

employees are reporting symptoms indicating exposure to 

toxic material, and residues remaining after an industrial ex

plosion or fatality. The knowledge gained by use ofXRD can 

assist the IH to assign causes and prevent recurrences. 

Sample preparation is normally time intensive to achieve an 

e.ven thin-layer deposit of the sample for optimum presenta

non to the X-ray beam. Tetrahydrofuran (THF) is used to 

dissolve and remove the organic matrix of the fliter used to 

collect the sample and any organic materials collected during 

sampling. A vacuum flitration system enclosed in an exhaust 

hood is used to fliter out the dust in the THF onto silver 

membrane fliters which are dried on a warm, nonsparking hot 

plate. (Alternately, a muffie furnace or low temperature asher 

can also be used in place of the THF treatment.) Calibration 

standards are prepared in a similar manner using isopropanol 

suspensions. Partial shielding from the X-ray beam occurs in 

the case of small quartz particles that fill surface pores in the 

silver membrane. The net effect of this shadowing is a reduc

tion of analytical sensitivity at low quartz loadings. Nonlinear 

calibration curves may be necessary to achieve good quantita

tion at low loadings. 

New refinements to XRD sample presentation include a 

rocking geometry proposed to improve upon the precision and 

accuracy limitations imposed by the particle statistics.(24) A 

new approach, direct-on-fliter (DaF), which reduces the 

l 
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SK1785A 
SK178~A ACID (H3PO'l) WASHE:D MCR XRD SCANS Of" 17-SE:P-82 09:09~0 USING XRAY3A PHILIPS MODE:L APD 3~00 
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UP LIMIT = 22.'10 UP LIMIT = 26.92 UP LIMIT = 21.06 UP LIMIT = ~0.'I8 

"INT. TIME: = 1 INT. TIME: = 1 INT. TIME: = ~ INT. TIME: = ~ 
-NO~M. CNTS - 28082 NO"M. CNTS - 1233'1 NO"M. CNTS - 2992 NO~M. CNTS = 2206 

E:ST. UC = 263.9 E:ST. UC = 109.2 E:ST. UC = 1~7.2 E:ST. UC = 173,3 

5.9 X (::) 2.4 X (::) 3.5 X (::) 3.9 X (::) 
4919 ..1 G 

U) ~ 
I
Z 
:J 
0
U NG 

J ~ 

~-1-
"INT. TIME: (8E:C/0.02 DE:C.STE:P) T""'I O- THET " SC" NSFIGURE -NO~MALIZE:D COUNTS (CNTS/SE:C)4. XRD scan of Mt, St. Helens sample. 

amount of sample preparation, is currently used at some labs. Because this method is based on the bonding parameters of 
Concepts involving OOF will be discussed below. quartz, microcrystalline quartz can be analyzed. In theory, no 

In our experience, XRD appears to have more general two compounds have the same absorption spectrum. In prac
applicability and is more flexible for quartz analysis than other tice, the IR spectra of different substances with similar bonding 
methods. In addition to quartz and cristobalite, substances such can share common absorption bands. This is an advantage for 
as zinc oxide, vanadium pentoxide, Portland cement, and qualitative analysis of new or unknown pure substances be-
other crystalline compounds can be confirmed or analyzed. cause information from the IR spectrum provides clues in 
IR5 t making educated guesses of the compound's structure. At the 

pec roscopy , .. di d fi .. al . 
b.. . . . . same tIme, It IS a sa vantage or quantItatIve an YSIS ecause 

IR spectroscopy allows o?e to dist~ngulsh s~ca (n.o~ Just it indicates that interferences are possible. These bonding pa-
quartz) from many other nunerals. This method IS sensItIve to rameters are similar for the crystalline and noncrystalline forms 
the small-scale structure of quartz because it measures the f ili dioxide because the tetrahedral SiO 4 structure is vi ration al energy re ate d to t he atonuc masses 0 f ill.con and o s conb 1 ' s 

t .b d h d b di Th 1 . common t 0 all th ese su b s ances. E ac h sill .con a t om IS sur-

oxygen,1 d . onb strengt ,an ond .fng symmetry. e samp e IS 1fIR 1. h . h IR rounded by four oxygen atoms ocate d at corners 0 f a tetra-
pace m a eam 0 Ig t, an 1 any quartz IS present t e h d d h . . ill. 
. . . e ron, an eac oxygen atom Joms two s con atoms. Th us

light IS absorbed at the wavelength corresponding to these .. diffi 1 di . . h diffi alli ill. fi ' 
, . . . ,It IS ICU t to stInguIs erent cryst ne s ca orms WIth 

specIfic, VIbratIons. h The decrease m the amount hof .IR light I R at the an alytlc . al pea k at 798 cm -1 (12 ..um. ) M any scatesh 1 h 1 5 ill . 

transnutted throug t e samp e at t ese wave engt s IS a mea- h ,mil ah dral . h' h . 
f th t f rt t also ave SI ar tetr e SIO 4 structures w IC can mter

sure 0 e amoun 0 qua z presen . .. . (25-28) ,
The Lambert-Beer law predicts a linear relationship be- fere WIt? the det~~natIon of quartz. An IR absorptIon 

tween the sample absorbance and its concentration. For true ~att~rn IS shown m FIgure 5 (~ter Referenc.e ~9) for quartz (Q 
linearity, the sample must be a homogeneous solution of m FIgure 5). Patterns and theIr clos~ .proXlnuty. to qu~rtz are 
uniform thickness (b) and the light must be monochromatic. also shown-here the amorphous silica (A), cnstobalite (C), 
This law is approximate for quartz analysis because it is not and kaolinite (K), a significant interference. 
strictly applicable for particulate samples where parts of the IR Understanding the sample matrix is an important consider-
beam pass through agglomerates and aggregates of the IR- ation in IR analysis. Certain sample matrices found in the 
absorbing species, and parts pass between the absorbing parti- workplace have known interferences. Chemical or heat treat
cles. Low quartz loadings and sample inhomogeneity can yield ments are the most direct approach used to remove interfer
lower absorbances than this linear relationship indicates. ences. The IR method is less expensive, but is also less specific 
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for crystalline silica than is powder XRD. This method is not 
applicable to all sample matrices, but it can be used to advan- 
tage in some well-defined sample matrices. 

In a sample containing a mixture of light-absorbing species, 
the absorbances of di1ferent species are additive. This is the 
source of positive interferences observed in IR. Scattering of 
the IR beam by particles in the sample can mimic the e1fect of 
absorption and can give high backgrounds. If enough mea- 
surements can be made of known mixtures of the same sub- 
stances (at varying concentrations), a multiple linear regression 
(multivariate analysis) can be performed and the known com-
ponents in the mixture can all be calculated for samples con- 
taining the same ingredients. The positive interference due to 
each known interferant can be accounted for. Every analysis is 
subject to analytical error; the analysis of interferants is not 
immune. Even after all interferants are calibrated, sample 
inhomogeneity, difficulties in determining baselines, light scat- 
tering, di1ferences in particle sizes of standard reference mate- 
rials and air samples, etc. make undercorrection or overcor- 
rection possible. For the most accurate analysis of quartz, the 
total absorbance due to interferences must be small in com-
parison to the quartz absorbance. 

The IR analysis of quartz in coal dust is an example of the 
use of IR on a well-defined sample matrix. (7) The positive 
interferant kaolinite (a common hydrated aluminum silicate 
mineral) increases the signal seen on the quartz peak. This 
interference can be corrected mathematically by estimating the 
amount of kaolinite present using IR measurements at another 
wavelength characteristic of kaolinite and subtracting the cor- 
responding predicted amount of interference from the quartz 
peak. The mathematical correction is most appropriate when 
the kaolinite is present in small amounts compared to the 
quartz. 

Where the sample matrix permits, the analytical results can 
be of excellent quality. Some investigators(24.28.29) applied 
chemometric techniques such as the multiple linear regression 
approach to use additional analytical data from several key 
places in the spectrum to resolve known interferences. Results 
are promising for certain matrices.(28,29) 

. 
" 
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Two types of IR spectrometers have been used for quartz 
analyses: 

1. The older dispersion IR spectrometers use a slit and a 

grating (or a prism) to disperse light from an IR source 
passing through the sample into a spectrum. 

2. Recendy, the Fourier transform IR (FTIR) has become 
popular. The FTIR approach has the advantage that it does 
not disperse the light into a spectrum, does not use a slit, 
and therefore can make use of more of the IR energy.
Becausethe entire sample can be viewed by the IR beam, 
greater sensitivity is possible. The sample still needs to be as 

uniformly dispersed as possible. The main advantage of 
FTIR is the opportunity to computer process multiple scans 
of a sample to give signal-to-noise ratios gready improved 

over that obtainable from comparable scan times using. . 
dispersIveIR technology. 

. Sam~le preparatio~ for p:esentation to the IR spectrometer 
IS also tIme and labor mtensive. Samples are processed either by 
using a low temperature ashing process or by placing them in 
a mu1He furnace to destroy the filter and other organic sub
stances. 

Samples can be redeposited on a suitable filter medium in a 
manner similar to ~ to give a thin-l~,>:er presentation of the 
sample to I the IR Instrument. (7) Additlonally, they can be 
prepared as a pellet mixed with potassium bromide (KBr). The 
DOF tec~nique.(30) can also be use~ in IR analysis, bypassing 
the labor-mtensive sam~le prepar~tlon. 

It should be emphasIzed that In the case of both IR and 
XRD, l?article,size is .an i~portant. consideration. ~urrendy, 
the respIrable Size fractIon IS the main focus of analysIs. Future 
emphasis may include analysis of inhalable, thoracic, and re
spirable fractions:(3I) Howeve~, these ~hre: particle size ranges 
not onl,y have di1fere?t samp~~g. ~fficiencles, but prob~bly all 
have di~erent analytlc~ SenSltl.Vltles and would req~lre the 
~repara~on and evaluatIon of di1fere~t ref~rence matenals. An 
Intern.atlonal consensus ?n the p~cle-s.lze ranges. of these 
matenals and the appropnate sampling devices to achieve those 
ranges is vital to the advancement of the analytical methodol-
?gy. Accu~te comparisons of expos~re data and epide~olog-
ICal evaluatIons cannot be done WIthout a consensus In the 
standard reference material for quartz. 

Colorimetric Method (Visible Absorption Spectrophotometry) 
The colorimetric method of quartz analysis,(3.10) once the only 
method used to analyze samples, no longer enjoys a high 
degree of popularity. The method is still employed, primarily 
because it is inexpensive, but has many drawbacks. 

In the most popular colorimetric method, the residue from 
the Talvitie treatment is dissolved in hydrofluoric acid, and the 
dissolved silicon is reacted to form a colored complex that can 
be analyzed by colorimetric analysis. Colorimetric analysis, like 
IR spectroscopy, is based on the Lambert-Beer law. This 
approach is relatively specific to silicon, but cannot di1ferentiate 
between silica and silicates. Most silicates can interfere, and the 
results are less precise and accurate than the XRD or IR 
method. P AT results show that colorimetric recoveries tend to 
be lower than by IR or XRD.(13) In addition, the colorimetric 
method cannot distinguish between the di1ferent quartz poly
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morphs. Sample preparation is complex, and a very hazardous rotors. The data presented indicate excellent precision and an 
chemical, hydrofluoric acid, is used in the procedure. analytical range extending down to less than 0.1 percent (cor

. . " 
Determlnattonof Quartz Content In Bulk MaterIals 

responding to 200 to 300 ILg of quartz). NMR instruments are 
expensiveeven when compared with XRD instruments. The 

The methods above are also used to analyze the quartz content expense is not oifset by sample throughput; the current ana-
in bulk materials. Two additional methodologies have also lytical protocol requires 60 hours to analyze each sample. The 
been recendy used when the amount of sample is larger than is method may not be applicable to samples containing paramag
normally obtained during personal air sampling. If the sensi- netic species that cannot be chemically removed; for example, 
tivity can be improved, these methods may be included in some spinels and devitrified mineral wool are very resistant to 
future analyses of quartz in air samples. acid cleanups. One very important potential application, how

.
Thermal AnalysIs 

ever, would be as an adjunct to the characterization and 
certification of new crystalline silica standard reference mate-

Thermal analysis is a technique that requires a few hundred rials. 
milligrams of sample, which makes it more amenable to ana
lyzing quartz in commercial products (bulk materials) than for Summary of Methods Used in the United States 
analyzing air samples. Particulate contained in air samples In the United States, IR and XRD predominate for analysis of 
collected using current sampling methodology weighs any- airborne quartz, with occasional use of the Talvitie-based 
where from 0 to 15 to 20 mg. At the alpha to beta phase colorimetric procedure. The colorimetric procedure is the 
transition temperature near 573°C, the amount of quartz in a most prone to interference, while the XRD is most resolvable 
sample can be estimated by the change in heat content mea- because of the ability to use alternate analytical angles or lines. 
sured during heating or cooling. As in most other quartz The XRD method appears to be the most precise, although 
analyses, particle size aifects sensitivity. For the most part, bulk some IR enthusiasts may disagree; PAT results appear to 
sample preparation is relatively simple and few interferences indicate a slight edge to XRD. (13) The total variability of 
are noted. While it is not appropriate for small amounts of quartz methods as noted by the PAT Program(13) indicate that 
particulate normally found in air samples at this time, thermal imprecision (relative standard deviation, sr) values have histor
analysis can play an important role in determining quartz ically been a few percent higher for IR. XRD instrumentation, 
content in relation to OSHA's Hazard Communication Reg- however, can easily be two to three times more expensive than 
ulation.(32) A warning of the presence of known or probable IR. 
carcinogens such as quartz must be communicated to the Both IR and XRD have advantages over other approaches. 
employee when the concentration exceeds 0.1 percent and Unlike chemical and colorimetric analyses, both IR and XRD 
potential for exposure exists. This amount represents an ana- are nondestructive analyses; samples and calibration standards 
lytical level that is difficult to achieve using IR, XRD, or can be reanalyzed many times. The diiferent XRD angles 
colorimetric techniques. Thermal analysis can also provide associated with the quartz lattice structure allow XRD to be 
relief from potential interferences in bulk materials common to the popular techniques. " 

more versatile in identifying and quantitating quartz. One can also simultaneously analyze for other polymorphs such as cris

.NuclearMagnetIc Resonance 
tobalite and identify the major crystalline substances present. 
For quantitative analyses, obtaining standard reference materi-

Nuclear magnetic resonance f9Si NMR) has been investigat- als is the most important problem facing both IR and XRD. 
ed(33) for the analysis of quartz polymorphs for the purpose of 
meeting the Hazard Communication standard (HAZCOM) International Methods: Quartz Analysis 
requirements for crystalline silica. NMR monitors the elec- One international industrial hygiene reference(34) indicates 
tronic environment of the 29Si nucleus, which is extremely that, as of the date of publication (1983), the most common 
sensitive to slight changes in bonding. As a result, peaks of analytical techniques for quartz were XRD and standard 
quartz polymorphs occur at diiferent chemical shifts, allowing chemical methods. There was no mention of dispersive IR or 
29Si NMR to distinguish between silica polymorphs and dis- FTIR techniques. To address the current status of the meth
tinguish silica from silicates. At long enough recycle delay odology internationally, an informal survey was issued to col-
times, peak integrations are direcdy related to the amount of leagues practicing IH chemistry in the following countries: 
29Si present in each electronic environment, simplifying cali- Australia, European Union, Japan, Mexico, Norway, Sweden, 
bration and permitting the quantitative analysis of all poly- Taiwan, United Kingdom, and others in the United States 
morphs and many silicates. The analysis is unaffected by par- (including NIOSH, MSHA, and information from the Chem
ticle size as long as the relative amount of surface silica is small. ical Manufacturers Association). 
(Surface silica has a diiferent chemical environment than does The European Committee for Standardization (CEN) of the 
silica below the surface.) Although the 29Si NMR background European Union is an organization analogous to the American 
is far cleaner than in comparable IR spectroscopy scans, peak Society for Testing and Materials. The following European 
overlap of the silica polymorphs also occurs but appears more countries participate: Austria, Belgium, Denmark, Finland, 
readily resolvable. Alternate peaks are not available for confir- France, Germany, Iceland, Ireland, Italy, Luxembourg, the 
mation. The experimental protocol requires a large amount of Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, 
sample (200 to 300 mg) and a significant amount of sample and United Kingdom. Although these countries are members, 
preparation to remove paramagnetic contaminants and to not all use XRD, and they do not necessarily adhere exacdy to 
transfer the sample to 7-mm single crystal sapphire (Al2O3) the standard methodology established by the CEN. 
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TABLE1. International Use of Three Methods for Quartz Analysis 

Gravimetric or 
Nation or Entity Similar Use XRD m 

Australia(36) Respirable fraction Yes Yes 
British Columbia(23.26) Respirable fraction Yes Yes 
European Union Respirable fraction YesA YesA 

(fonnerly EC)(37.38) 
Gennany(39) Respirable fractionB Yes Yes 
]apan(40.4i) Respirable fraction Yes No 
MexicoC(42)43 ..Norway( ) Respirable fraction Yes Yes 
Sweden(44) Yes No 
TaiwanC(45) 

United Kingdom(22) Respirable fraction Yes Yes 
United States(6.ii) Respirable fraction Yes Yes 

AThe apparent Union (fomlerly European direction of European Economic 
Union member statesCommunity)is indicated above. European may have 

their own preferred approach. 
BGennany also uses the beta-irradiation method.CWork is in progress to establish analytical capability on a national level. No 

method was specified. Blank spaces do not necessarily mean that a method is 
not used by that country. 
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cal-co~orimetric, AA, optical microscopy, IR, XRD, ~hennal 
analysIs, or other. 
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I, C
omparlson 0 e" 0 s 

The two major techniques for the analysis of airborne crystal- 
line silica are XRD and IR (see Table 1). 

XRD. Countries that use XRD include Australia Canada 
Germany, Japan, Norway, Sweden, the United Kin~dom, and 
the United States. Some of the members of the European 
Union indicated that a consensus written XRD method is in 
progress. Therefore, all of the countries surveyed with estab- 
lished methodology use XRD to some extent for quartz anal- 
ysis. 

IR SPECTROSCOPY. Those countries using IR were Australia, 
Canada, Germany, Norway, United Kingdom, and the United 
States. A written IR consensus method also appears to be in 
progress by members of the European Union. 

. . 
General Comments of Survey Parllclpants 

Often in the comments accompanying the surveys there was a 
tendency to give near equal importance to IR and XRD; each 
has its advantages. Most countries surveyed indicated that IR 
was used for samples that were well characterized and that, if 
interferences were potentially a problem, they would use 
XRD instead for those samples. Germany uses a beta-irradia- 
tion method to measure sample loading; this is a rugged 
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technique used to measure thin fIlms and produces results 

comparable to the gravimetric method. None selected thermal 
analysis. New Jllethodology was not indicated by any of the 

participants.
Mexico and Taiwan have not fully established their own 

methodology; both are currently putting together national IH 
labs and will probably use analytical techniques from other 
countries. 

Current Sampling Strategies 
S li . . . 

1 1amp ng strategies vary mternatlon ally. Th e nyon cyc one, which tends to deposit most in the fIlter center, is predomi
nately used by OSHA and most of the United States. On the 
. . .
InternatIonal scene, many other samplers are m use or under 
evaluation. These may include metal cyclones, similar samplers 
of local manufacture, or other sampling techniques. The vari

ety of samplers introduces new variables, including different 
electrostatic properties and different sampling efficiencies at 
diffi . 1 . 

erent partIc e SIZ:S.Perhaps the most InterestIng IndicatIon of the survey was the 

apparent widespread acceptance of the DOF technique for 
. 

eIther XRD or IR (see Table 2). DOF uses the same fIlter for 
both sampling and analyzing the air contaminants. This ap

.. . 
proach bypasses the IntensIve sample preparatIon procedures 

.. . 
prevIously mentIoned for XRD and IR. There IS a need to test 

. . . I .. 
the validity of thIS procedure at low quartz loadings, pamcu

1 lh hi .ary t ose approac ng 0 1 X PEL. 
.. .

DOF advantages Include less contarmnatlon and sample loss . . . , 
because there IS no transfer or redeposItIon of the sample s dust. 

. .. . 
There IS potentIally Increased sample analysIs output because of

d d 1 . . re uce samp e preparatIon tlme. 
Th . di d DOF r 11

e maln sa vantages to are as 10 ows. 

1. It is difficult to adapt the cyclone to a 25-mm sampling 
cassette. X-ray instruments are normally set up to accept 

25-mm diameter fIlters. Thus a cyclone normally designed 
.

to accept a 37-mm cassette IS adapted to fit the 25-mm 
system with varying degrees of success. 

2. Most air samples do not present themselves as homoge

neous. Employees sampled may be involved in many dif
ferent operations ~uring the work~y. Samples taken .an 
these employees will tend to have different layers.ofpamc-
ulates that may not be fully transparent to X rays If they are 
not redeposited. in a thin-layer deposition. Sho~ in Fig
ure 6 are deposIts of mahogany dust on fIlters USIng three 
different particle size selective devices.(35) Nylon cyclone 
presentation is a continual building dot in the center of the 
fIlter. The aluminum cyclone (cut size is approximately 4.6 
.um) displays more spread of particulates over the fIlter. The 
aluminum cyclone can be readily adapted to 25-mm cas
settes. The horizontal elutriator has a very distinct pattern. 

3. Aerosol particulates tend to agglomerate into clumps. The 
standard reference material and air samples may differ in 

their tendencies to agglomerate. The DOF technique does 
not break up either of these agglomerates; redeposition 
commonly uses ultrasonics to break up and disperse the 
agglomerates to produce the homogeneous presentation 
needed for accurate XRD and IR analysis. 

4. The biggest drawback of DOF is the need to prepare 
standards using aerosol generation systems to assure stan
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TABLE 2. Detection limit and Analytical Range for Quartz Analyzed by XRD and IR 

XRD: Detection Limits or Analytical Range Infrared: Detection Limits or Analytical 
.

Nation or 
(in Parenthesis) Range (in Parenthesis) 

Entity Redeposited DOF Redeposited DOF 

Australia Yes Yes Yes Yes 
10 #Lg 20 #Lg (20-600 #Lg) 10 #Lg 20 #Lg (20-600 #Lg) 

British Columbia Yes Yes 

(10-500 #Lg) 
European Union YesA YesA 
Germany Yes Yes 
Japan Yes Yes 

5 #Lg (15-2000 #Lg/cm2) 
MexicoB 
Norway Yes Yes 

! 10 #Lg 
Sweden Yes No 

1 #Lg (1-500 #Lg) 
TaiwanB 
United Kingdom 

; 
Yes 

3,10 #LgC (10-1000 #Lg) 
Yes 

5 #Lg (5-700 #Lg) 
Yes 

10 #Lg (10-1000 #Lg) 

United States Yes Yes Yes Yes 
10 #Lg (10-2000 #Lg) (200-1200 #Lg) 10 #Lg (10-2000 #Lg) (200-1200 #Lg) 

. ., 
AThe apparept direction of the European Union is indicated above. Member states may have their own preferred approach. 
BWork in pliogress. No particular method was specified. I 

cLower value is for det.limit of strongest analytical peak; larger value is either of the two next strongest analytical peaks. DOF refers to the direct-on-fllter version 
of the indicated method. Norway intends to look into this approach in the future. 

dard/ saJnple matching. Quartz standards are collected using Survey Results: Comparison of Method Performance 

personal sampling devices similar to those used to sample The various abilities of each method were examined in terms 
employ~es. Quality controls should also be generated by of detection limit, working range, precision, accuracy, etc. 
this me~od. Accuracy and analytical range are limited by These are summarized in Table 2 to determine any significant 
the weighing error, and generation of OOF standards re- diJference in performance characteristics internationally. Al-
quires si~ficant amounts of a standard reference material, though diJferent values for these variables were discovered, it 
which are typically expensive and of limited availability. appears more due to the inconsistency among nations in using 

5. A major problem is presented when there is sample over- a universal method to determine performance (i.e., calculation 
loading, loose or dislodged dust, samples collected at dif- of detection limits appears to be done in as many di:fferent ways 
ferent sampling rates than that used in standard preparation, as there were responses). Also, many methods did not show 
interferences requiring chemical treatment, or when bulk detection limits. The OOF version of a method was often 
samples are submitted (for checking for interferences or indicated as the preferred method. 
HAZCOM compliance). In these cases, one must resort to IR data in Table 2 show a broad range for detection limits 

redeposition. and working range. Estimates of precision and accuracy varied 
widely. The variability seems most likely due to diJferent 
approaches to calculating and reporting. Values are only for 

8 XRD or IR. None of the countries surveyed indicated use of 
Nylon Cyclone colorimetry or microscopy. It is generally acknowledged in the 

co. United States that either XRD or IR is capable of less than 10 8" percent CV and an overall error (OE) of about :t25 percent. 
," OE also includes potential bias as follows: 

Aluminum Cyclone 
OE = :t [Imean bias! + 2CV] X 100% 

Survey Highlights 

Horizontal Elutriator Germany uses both IR and XRD. While reflection XRD is 
the most common XRD technique used to analyze quartz, one 
of the XRD techniques used in Saarberg, Germany, is sample 
concentration combined with transmission XRD. X rays are 

FIGURE 6. Filter sample deposition using dilferent types of aerosol diffracted by quartz but are transmitted through the sample to 
collectors. a detector. Among its advantages, the X rays make only one 

HP Authorized Custom
Fig6
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pass through the sample and reduce losses due to absorption of 
X rays in the sample. 

Australia indicates that both XRD and IR are used for 
I d . h h . di h 

quartz. A comment 
. bali d .d 

enc 
. 

ose WIt t e survey ill
d h

cates 
b

t
al d 

at 

cnsto te an tn YD11te are not an yze an ave een 
I d . h " h d " b k 

p ace ill t e too ar as et. 

Norway also uses both XRD and IR. Additionally, on 
well-defined mixtures an interesting multivariate calibration 
technique that uses multiple linear regressions claims slightly 
better precision and accuracy using this technique.(28.29) 

Comments from the Swedish National Institute of Occu- 
pational Health indicated that they only use XRD and will only 
use XRD in the future. The Swedish methodology also 
I . d h h b d . li . 1

c alme to ave t e est etectlon D11t, ILg. 

Conclusions and Recommendations 
Refinements to XRD and IR techniques will probably dom- 
inate in the near future. Entirely new instrumental approaches 
are not likely in the near term. Analysts are characteristically 
problem solvers and are innovative in modifying and develop- 
ing techniques (witness the proliferation of "hyphenated 

h ds" h h hmet 0. suc a gas c romatograp y-mass spectroscopy,. 
) . 

.illductlvely coupled plasma-mass . . .spectroscopy, etc. . GIven . 
the huge amount of ltnaglnatlon ill the wo~ld commumty, 
~nalysts with adequate resources will try anyt~ng that suggests 
Improvement. Issues that may be pursued ill the future by 
national and intemationallaboratories include the following: 

1. A co~prehens~ve evaluation of~OF. . 
2. Keepillg up WIth developments ill sampling to assure con- 

tinued analytical capability. 
3. A consensus definition of tridymite and a corresponding 

standard reference material. 
4. A consensus on how to report the parameters used to define 

method performance (agreement on detection limits, etc.). 
5. Examination of thermo analyzers for bulk identification (for 

. . .d .HAZCOM) -illte rfierence pro blem ill I entl .fying quartz ill 
bulk . all fr 0 1 1 

s, e~pe~l y om . to percent quartz. . 

6. A multlvanate approach. Norway appears to be havillg 
good success with it on specific well-defined matrices. 
What is the scope of applicability to unforeseen matrices, 
that is, how rugged is this approach? 

7. Support for PAT recommendations. Due to the large 
spread exhibited in results, more active participation in the 
PAT Program and establishment of effective quality control 

programs by all laboratories analyzing quartz are strongly d d . 
d ul 

recommen . e. to assure precIse an accurate res ts.
I f ,.. fh .gh d . 

8. ~oreaCtlV~illVOvement~ illStltUtlOnso. I ere.ucatlon 
ill developillg new sampling and analytical techmques to 
solve practical sampling and analysis problems. For exam- 
pIe, higher education is the ideal environment in which to 
pursue research and development (R&D) and obtain pat- 
ents with new analytical approaches. Modifying research 
instrumentation is an avenue of problem solving taken in 
some fonDS of graduate research. Analytical labs may not 
have the time for R&D' they tend to prefer turnkey systems

difi d h ' .. 
over mo Ie researc illstrumentatlon. 
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