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Relationships between respiratory diseases and quartz-rich dust in Idaho, U.S.A.
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ABSTRACT

Quartz—one of the most abundant minerals in the Earth’s crust—has been deemed a human car-
cinogen by the International Agency for Research on Cancer (IARC), with the main threat to humans
being lung cancer through inhalation of dust particles. Currently, the United States Environmental
Protection Agency (EPA) has required communities to monitor PM10 (particulate matter less than 10
micrometers in diameter) levels, with the concern that higher levels of PM10 have been linked to
increased respiratory disease rates. This hypothesis can be tested by an analysis of mortality data for
groups that have received high lifelong exposures to quartz-rich PM10 (e.g., farmers). Idaho is a very
dusty state with a large agricultural community and can serve as a model to test this hypothesis.

A database was constructed of PM10 levels statewide and of all the deaths attributed to respira-
tory diseases in ldaho from 1969 to 1994. For the Moscow, Idaho, PM samples, quartz composed
approximately 10% of the PM10, with the remainder being 30% feldspar and 60% Mount St. Helens
volcanic ash. The PM2.5 samples contained no detectable mineral matter. Statewide, the quartz com-
ponent for the PM10 samples ranged from 7 to 16%. Analysis of the database indicates that Idaho
residents, in general, have below-average lung cancer rates when compared to the U.S. population
and that Idaho farmers are at no greater risk of dying from lung cancer than non-farmers. These
conclusions are based upon age- and smoking-adjusted standard mortality ratios (SMRs). No corre-
lations or trends between PM10 levels and respiratory diseases could be found in the general popula-
tion. Data for chronic obstructive pulmonary diseases (COPDs) are more difficult to interpret because
of fewer deaths and the inability to compensate for the effect of smoking in the induction of these
diseases; however, it appears that Idaho has a higher rate of COPDs when compared to the U.S.
populations and that farmers have a higher rate of COPDs than non-farmers.

INTRODUCTION may occur in an occupational setting. Silicosis and other types

This project was initiated in response to two regulatory d8f Pneumoconiosis (e.g., asbestosis, black lung) fiberlize por-
velopments: (1) an International Agency for Research on C4ifns of the lung, resulting in decreaseg®, exchange and,
cer (IARC) ruling to upgrade quartz from a Group 2A to K SOme cases, death by heart failure. Silicosis is a rare dlgease
Group 1 human carcinogen (IARC 1997) and (2) an EPA r@nd_lgnot_a f_orm of cancer. In the U.S., on_ly 135 people died
quirement that communities monitor PM10 (EPA 1986) and%4 Silicosis in 1988, whereas 133,284 died of lung cancer
possible modification of EPA guidelines to include PM2.5 (EPACeinieid 1991). In ldaho, an average of one person per year
1996). To determine whether inhalation of large amounts @S Of silicosis (Norton 1996). Silicosis historically has been
quartz-rich dust in rural settings increases the risk of lung céhdisease associated with mining operations. Attention in
cer, we developed a project to: (1) characterize the amount élrmerlca was drawn to this disease in the early. 1900s regard-
mineralogical compositions of PM10 in Idaho, especially witifd the granite workers of the northeast (Davis et al. 1983;
respect to quartz content, (2) build an epidemiological daf30ss et al. 1993; Russel 1941). For reviews of the human lung
base of respiratory diseases and occupations in Idaho, condgfction and silicosis, see U.S. EPA (1995), Goldsmith (1994),
trating on lung cancer rates and farmers, and (3) determin&@ss et al. (1993), and Skinner et al. (1988).
any relationships exist between PM10 amounts, compositions, Because of the association between silicosis and quartz dust,
and respiratory diseases. quartz became a suspected human garciqogen. Cpnsequently,

Most people associate silicosis with inhalation of quart9Ver the past 20 years many epidemiological studies have fo-
Silicosis is a debilitating disease of the lung caused by inhafd!S€d on the carcinogencity of quartz (e.g., Frazier and Sundin

tion of large amounts of quartz over a long period of time, 4986; Hnizdo and Sluis-Cremer 1991) in conjunction with
animal studies (e.g., Dagel et al. 1986; Spietoff et al. 1992;

Wagner et al. 1980) and vitro studies (e.g., Saffiotti et al.
1993). IARC (1997), Goldsmith (1994), and Ross et al. (1993)
*E-mail:mgunter@uidaho.edu provide good overviews of this research. IARC has five classi-
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fications for carcinogenic materials: Group 1 is carcinogenic ~ AIR SAMPLING AND PARTICULATE MATTER
to humans; Group 2A is probably carcinogenic to humans; pystwas obtained from air using various sampling devices.
Group 2B is possibly carcinogenic to humans; Group 3 is Ngigh volume samplers pulled large volumes of air ¢lofrair
classifiable as to its carcinogenicity to humans; and Grpup Aplér minute) through 8 inck 12 inch glass-fiber filters over
probably not carcinogenic to humans. Based upon animal iort periods, usually 1 hour. The glass-fiber filters consist of
halation studies, the IARC listed quartz as a Group 2A humgye silica, which complicates the determination of the major
carcinogen (IARC 1987a; 1987b). This classification triggereflemental chemistry of PM10, because the filters must be dis-
the U.S. Occupational Safety and Health Administratiogy|yed to determine the elemental composition of the PM10.
(OSHA) to establish regulations for quartz-containing matefine s;j content of the filter prevents determination of Si in the
als under the Hazard Communication Standard Act of 19333|\/I10, and Si is the most abundant metal in PM10. (The air
which mandated that products containing more than 0.1% quafimpling community has incorrectly inferred that quartz con-
(by weight or volume) be labeled as a possible human carcifgnt cannot be measured by these filters (e.g., by X-ray diffrac-
gen (Ross et al. 1993). Recently, the IARC (1997) reclassifiggn methods), which are sometimes referred to as “quartz-fiber
quartz and cristobalite to Group 1 status, based on “sufficig[iers ”) Filters were weighed before and after known volumes
evidence” for carcinogenicity in humans and animals. IARC 5ir were drawn through them, and PM10 values in micro-
decisions are made by a 19-member panel of health scieapgms of dust per cubic meter of gig(n?) were calculated
professionals; no mineralogists or petrologists are includeddp the methods discussed in EPA (1986).
the panel. Itis difficult to predict what ramifications this ruling = | gwer volume samplers, called virtual impactors, collect
will have on the mining and farmlnqilndustr.les 'r.‘.th? U.S. samples over longer periods at lower flow rates {afrair per

In the regulatory arena, the term “crystalline silica” refers {oyr for days or weeks). Some of these samplers, termed di-
any of the crystalline silica polymorphs and differentiates theggotomous samplers, divide the particulate matter into two dis-
from the amorphous phase_s_ of silica. Because quartz is by{gkt size fractions (e.g., 0-2u8n and 2.5-1@m) and deposit
the most abundant of the silica polymorphs on the Earth's syfz samples onto 37 mm circular filters. The disadvantage of
face, and one of the most abundant minerals in the Earth’s cryst type of sampler is that it collects very low weights, 5—10
(Klein 1993), it is the main silica polymorph of concern. Culyg even after 1 to 2 week collection periods. An advantage is
rently, amorphous silica has a Group 3 listing (IARC 1997); hoyat the PM10 can be removed from the filter material, usually
ever, there has been (EPA 1995; Checkoway et al. 1993) @pthposed of PVC, and different analytical methods can be
continues to be a concern, warranted or not, about '”halat'orb@fformed on dust samples. [Norton (1996) and NIOSH 7500
amorphous silica. Heaney et al. (1994) provides an excellent ¢jge details of filter dissolution and sample preparation.] For

cussion of the silica minerals and amorphous forms of silica.thjs project, two Anderson Series 1500 virtual impactors refit-
It has been known since Biblical times (Goldsmith 1994) aRdy \with PM10 heads were used.

documented since the 1500s (Agricola 1556; Paracelsus 1567h4t5 that found Idaho to be the most dusty state in com-
that exposure to high dust levels in mining operations |ead5ﬂé‘rison with the other 49 states were taken from the AIRS Ex-
lung disorders. It was Paracelsus (1567) who made one of H&,tjve program, version 3.0 (AIRS Executive Computer
most far-reaching conclusions in the field of toxicology that “thgqftyware 1996). This database contains 9487 observations from
dose makes the poison.” The EPA (1986) set “dose levels” figg to 1996, from which a weighted PM10 value for each
PM10. The 1Qum size was chosen because particulates of thigyie was calculated. PM10 data from 1986 to 1996 were also

diameter can penetrate deep into the human lung. Under Efifyided by the Idaho Department of Environmental Quality
guidelines, communities must monitor PM10 levels and develgge ), which monitors PM10 levels pursuant to EPA regula-

plans to reduce PM10 if necessary. Current guidelines state s. The months of June, July, August, and September were
PM10 levels cannot exceed LG/ of air in a 24 hour period seq for analysis, as these are considered the dry summer
or a maximum of 5Qug/m?’ in a one year period. EPA (1996)months. The average PM10 value, along with a standard devia-
also proposed to add PM2.5 guidelines, given new evidence qi}ga,t], were calculated for each month. Finally, a PM10 average
this size is more dangerous than PM10. They propose PMgp each location was determined. Unfortunately, PM10 data
guidelines to be in the range of 20 for a 24 hour period yyere only available for 14 of 44 counties (Table 1). Within
and 12.5-2@Qug/m? for a one year period. these 14 counties, there were 32 sampling sites and 136 obser-

The PM regulations are based upon studies focused in Mggtions for each of the 4 months used in the study. See Appen-
ropolitan areas, for example the “Harvard Six-Cities Study§ix in B Norton (1996) for the raw data.

(Dockery et al. 1993). Many of these studies involved the cor- 14 sypplement the statewide PM10 data provided by the
relation of daily PM levels to hospital emergency room VisifSeQ, we collected PM10 samples to develop methods to quan-
for respiratory diseases. Schwartz (1994, 1995, 1996) publishggl the quartz content of the PM10, both locally (i.e., near
a series of papers on this subject. Interestingly, no studies hin'scow, Idaho) and statewide. Our two samplers were placed
examined the relationship between PM levels and diseasgthe west side of the University of Idaho’s campus in Mos-
rural areas. Rural studies are important gauges of diseaseclyy, |daho, which is located on the western side of Latah County
duction by minerals, because PM10 produced from farmingig_1). The predominant wind direction is from the west, blow-
has a high inorganic component, while PM2.5 is a combustigy into Idaho from the central Washington desert. Samplers
product composed mostly of hydrocarbons and is typical @fre placed at the same location so we could collect duplicate
urban settings (EPA 1996). samples for more detailed analysis and also so we could send
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TABLE 1. Summary of deaths from 1969 to 1994 (raw data Ij___)rovided by the Itdaf}o Defartment of Vital Statistics), SMRs, PM10 data from
rates from

1986 to 1994 (raw data provided by the Idaho DEQ), smoklné; 983 to 1989 (Idaho Department of Vital Statistics),

and precipitation from 1965 to 1994 in Idaho (raw data provided by Idaho State Climate services)
Ref.  County PM10 total 162 162 COPDs COPDs Smoking precp.
No. InIdaho pug/m?® deaths SMR* adjusted SMR adjusted (%) (inches)
1. Adat 34(12) 30129 129(3) 137(3) 85(4) 104(5) 21(1) 13
2. Adams —f 671 145(22) 125(19) 64(24) 61(23) 21(—) 34
3 Bannockt 37(13) 10 867 76(4) 100(5) 128(9) 171(11) 20(2) 14
4 Bear Lake — 1573 43(8) 39(7) 89(19) 79(19) 18(—) 20
5. Benewah — 1897 128(13) 132(13) 84(16) 85(17) 18(5) 21
6. Bingham — 6178 62(5) 87(5) 89(9) 116(12) 15(2) 15
7. Blaine — 1383 89(12) 158(22) 88(20) 128(29) 13(3) 23
8 Boise — 513 122(23) 130(25) 143(41) 152(44) 21(—) 33
9. Bonnert 29(9) 5297 129(8) 110(6) 106(11) 104(11) 24(3) 44
10. Bonneville 30(12) 9968 65(4) 94(6) 84(7) 122(10) 18(2) 15
11. Boundary — 1558 110(13) 108(13) 78(18) 79(18) 19(6) 22
12. Butte — 669 86(17) 84(17) 118(33) 122(34) 18(—) 12
13. Camas — 169 96(36) 97(37) 180(81) 207(93) 20(—) 22
14. Canyon 46(18) 17 983 101(4) 96(4) 88(6) 79(5) 19(2) 1
15. Caribou 37(16) 1233 58(10) 81(15) 133(26) 183(35) 19(—) 22
16. Cassia — 3643 63(6) 77(8) 125(15) 140(16) 15(4) 17
17. Clark — 154 90(37) 112(46) 198(88) 207(93) 16(—) 21
18. Clearwater 34(12) 2007 129(12) 113(11) 124(19) 134(21) 28(6) 51
19. Custer — 788 73(15) 73(15) 162(35) 152(33) 16(—) 19
20. Elmore — 2776 127(10) 181(15) 112(16) 213(30) 30(3) 26
21. Franklin — 1940 27(6) 30(6) 66(14) 55(12) 12(4) 35
22. Fremont — 2000 51(8) 55(8) 97(17) 110(19) 21(4) 28
23. Gem — 3042 108(9) 62(5) 94(14) 73(11) 32(5) 16
24. Gooding — 2989 104(9) 72(6) 86(13) 61(9) 22(4) 9
25. Idaho — 3311 102(8) 92(8) 112(14) 97(13) 19(3) 33
26. Jefferson — 2511 55(7) 75(10) 114(17) 146(21) 15(4) 9
27. Jerome — 3028 103(9) 89(8) 85(13) 79(12) 25(5) 10
28. Kootenai 34(25) 12 860 140(5) 123(4) 94(7) 91(7) 24(2) 26
29. Latah 46(—) 4814 79(6) 111(9) 78(10) 91(12) 12(3) 32
30. Lemhi 41(20) 1736 121(13) 99(10) 147(23) 128(20) 24(6) 19
31 Lewis 27(6) 1006 96(15) 79(12) 115(26) 91(21) 20(—) 23
32. Lincoln — 803 75(15) 66(13) 68(23) 61(23) 19(—) 10
33. Madison — 2179 24(5) 66(14) 45(11) 85(21) 4(1) 14
34. Minidoka — 3387 92(8) 114(10) 104(14) 128(17) 17(3) 9
35. Nez Perce 36(15) 8329 117(6) 89(4) 124(10) 104(8) 25(3) 12
36. Oneida — 987 37(10) 32(8) 111(26) 73(17) 17(—) 22
37. Owyhee — 1669 111(12) 92(10) 106(20) 97(18) 25(8) 16
38. Payette — 4046 106(8) 68(5) 128(14) 97(11) 28(4) —
39. Powert — 1179 76(12) 102(16) 129(26) 164(33) 19(—) 17
40. Shoshonet 23(9) 4654 149(9) 108(6) 94(11) 97(12) 32(3) 50
41. Teton — 612 42(13) 46(14) 149(39) 164(43) 16(—) 17
42. Twin Falls 35(12) 12 052 94(4) 80(4) 127(8) 104(7) 21(2) 14
43. Valley — 1116 145(17) 206(25) 82(21) 97(25) 13(4) 34
44, Washington — 2,567 110(10) 75(7) 102(16) 61(9) 19(4) 23

Idaho statewide 32 182 273 84(1) 93(1) 141(1) 155(3) 20 —

Notes: All values are monthly averages.

* SMRs for Idaho counties calculated based on Idaho death rates. SMRs for Idaho statewide calculated based on U.S. death rates.
T Counties that do not meet EPA guidelines for PM10 (i.e., non-attainment areas).

F “—"= not calculated or not available.

samples to other analytical laboratories. Table 2 summariB®wvder X-ray diffraction

our data collected for the Moscow region. Sampling times var- Quantitative analysis for quartz. The National Institute
ied from one week in the dustier summer months to one mofith Occupational Safety and Health (NIOSH) developed the
in the winter months. For the complete set of PM10 and PM2riethod NMAM 7500 for X-ray diffraction analysis of PM10

data see Norton (1996). deposited on silver membrane filters. We used this method with
slight modifications. Three to five standards were created with
MINERALOGY OF PARTICULATE MATTER the following weights (in micrograms) of PM10 quartz: 250,

Scientists have investigated the elemental composition 35, 500, 625, 750, 1000, 1500, 2500, 5000, and 7500 (see
PM10 (EPA 1995; 1996), but less is known about the phasésrton 1996, Appendix D; NIOSH 1994). Each standard was
that constitute it. Mineral matter and filters from high volumecanned by a Siemens D508® X-ray diffractometer using
air samplers can be digested for chemical analysis exclusiveCaKa radiation at 40 kV and 30 mA equipped with a solid-
Si. But the chemistry alone, especially without Si, does nstate detector. Each sample was run with a step siz@ of 2
reveal the major mineral phases found in PM10. One of tB)2C and a count time of 40 s per step. The (100) peak of
main goals of this project was to determine the amount of quagzartz (B = 20.35-21.39 and the (111) peak of silver@2
and other minerals in the dust. Of the various analytical me®i#.5-38.8) were used for calibration. The (100) quartz peak
ods we tested, powder X-ray diffraction proved to be the begas chosen because the dominant (101) peak overlaps with a
for analyzing our small sample quantities. muscovite peak. After background subtraction, integrated ar-
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TABLE 2. PM/lO3)data collected for the Moscow area (PM values in
Hg/m

Sandpoint
P Date PM2.5 PM2.5-10 PM10 quartz feldspar
State Line (%) (%)
28 July 1995 6 21 27 —x —
5 August 1995 4 22 26 — —
Moscow 40 September 1995 6 28 34 8.6 28
29[ g October 1995 6 15 21 11.0 23
Lewlston November 1995 3 6 10 8.8 33
31 December 1995 1 4 5 12.6 —
January 1996 1 6 7 — —
25 February 1996 4 8 12 — —
March 1996 1 7 8 2.6 —
2y a3 ] 30 April 1996 2 13 15 — —
July 1996 1 10 1 11.8 —
38 44 19 17 f22 * “—"= not calculated or not available
S~
23 8 26 1
12 P
14 N 7 10 ocatello i . . .
/ 20 6 _— several factors: (1) diffracted intensities for feldspars were typi-
N 4 32 1 cally weaker than the diagnostic (100) and (101) peaks for
amp7 37 42 9 T quartz, and (2) small amounts of PM10 decreased the accuracy
Boi 16 [36 24 SodaSprings  Of quartz quantification, thereby increasing the error in feld-
oise

spar analysis. We extended the RIR method to muscovite with

FIGURE 1. State map of Idaho with counties numbered ir?”ly limited success, be(.:ause there was very little muscovitg
alphabetical order corresponding to those numbers given in TabldL the samples. Muscovite concentrations averaged approxi-
Also, eight specific locations are shown. Our dichotomous samplé\atew 3 wt%.
for PM10 and PM2.5 was located at the University of Idaho in Moscow. . . . . .

The seven other locations where we determined the quartz content fRy@NCrystalline materials on filters and point counting
high volume air samplers deposited on glass-fiber filters obtained from The mineral content of the PM10 samples typically consti-
Idaho DEQ are also shown. tuted about 40 wt% of the totals (Table 2). Based on XRD, no
other major crystalline phases could account for the remaining
eas for the (100) quartz and (111) Ag peaks for the series6@fwt%. (Neither were hydrocarbons detected on the summer
standards produced a calibration curve. A test of the calibfiters in the DataChem analysis.) The most likely possibility
tion equation yielded 37[lg for a 37519 sample and 636g was that the remaining material was amorphous, possibly vol-
for a 625ug sample (i.e., errors of 1-2% by weight). canic ash.

PM samples were collected on 37 mm circular PVC filters, By point counting with an Hitachi S-2300 SEM-EDS
redeposited onto 25 mm silver membrane filters, and scanregliipped with a solid-state detector, each particle was identified
using the same parameters as the standards. Quantities of quartither quartz, feldspar, or volcanic glass based upon its chem-
were determined using the calibration equation. Because of itiey and/or morphology. Of 112 particles examined (from the
quantity of non-quartz minerals on each filter, an absorpti®@eptember 1995 PM10 sample, Table 2), 11 were quartz, 32 were
correction must be applied to the calculations (Norton 199@]dspar, and 69 were volcanic glass. Thus, quartz was calcu-
NIOSH 1994). Analysis by an independent private laboratotgted to be 10%, feldspar 29%, and volcanic ash 61%, which
(DataChem, Salt Lake City, Utah) was in excellent agreemesntmpares favorably to the quartz content of 8.6% and feldspar
with our results. Our X-ray diffraction analysis of the PM2.5ontent of 28% obtained by X-ray diffraction (Table 2).
samples yielded no detectable mineral matter. We also sentPoint counting was also attempted using a transmission elec-
PM2.5 samples to the same private laboratory and they algm microscope but proved unsuccessful because we found that
found no mineral matter. A summary is given in Table 2. Fonany of the particles contained both amorphous and crystal-
complete results, see Norton (1996). line areas, and most of the particles were too thick for good

Feldspar quantification. Based upon X-ray diffraction, diffraction results, leaving only the edges, perhaps weathered,
feldspar was a major component of our PM10. To quantify ther analysis.
feldspar content, we used a modification of the reference in-
tensity ratio (RIR) method as outlined in Snyder and Bidguantitative analysis for quartz from high volume air
(1989). Rather than referencing peaks to corundum, thou§Amplers
we selected quartz as the internal standard because it is presefMhe Idaho DEQ loaned us the 8 inch2 inch glass-fiber
in all the samples, and the amount of quartz was determirfiigrs from their statewide analysis. To our knowledge, no pre-
independently. Thus, we replaced thevalue given in Snyder vious analysis of the quantity of quartz on glass-fiber filters had
and Bish (1989) witl¥l , values obtained from 1:1 mixtures ofbeen attempted. The DEQ sent three filters from each of their
quartz and feldspar. In these standards, preferred orientatiogations (see Fig. 1) for the months of June through September.
inhomogeneity of mixing, and variable crystallinity were miniAll filters had PM10 values of 50g/n? or less. Seven of the
mized by reducing the samples to less thamrhOand using locations, which were distributed throughout the state, were se-
“back-fill” sample holders. lected for X-ray diffraction analysis. The filters with the lowest

Measurement of feldspar content (Table 2) was limited land highest amounts of material were analyzed for each loca-
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tion. We performed X-ray scans over only the (101) peak tife glass-fiber filters had a count time of 300 s. However, the
quartz. We changed to the more intense (101) peak from the (1@artz peak is easily resolved from the background on a scan
peak because of high background associated with the glass-fthet was only 15 s on the silver filter, while the glass-fiber filters
filters. (These filters are composed of amorphous silica, andtask a much longer scan time. Also, the background on the glass-
stated above, sometimes are referred to as “quartz-fiber” filtefiber filters is much higher, as discussed previously.
Long count times, 300 s for every 0.02 step, were used to
resolve the (101) peak from the high background. EPIDEMIOLOGICAL DATA

Because the DEQ collected high volume samples on 8 inRkspiratory diseases

x 12 inch glass-fiber filters in Moscow concurrent with our 14 getermine whether naturally occurring ambient dust lev-
own sample collection on PVC filter media in a low volumes that are rich in crystalline silica contribute to an increase in
sampler, we developed a means of converting X-ray diffragsspiratory diseases, we performed an epidemiological study
tion data from the 8 inch 12 inch filters into quantitative quartz o gata obtained from the Idaho Department of Vital Statistics
contents. First, we measuré intensity of the (101) quartz gnq the vital Statistics of the U.S. (Feinleib 1991). The data-
peak from the DEQ filter based in Moscow and assumedylise was also constructed to determine whether deaths from
corresponded to 10% quartz based upon values shown in Ta@lgiratory diseases in Idaho were above the U.S. average and
2 and the results from point counting. We could then calculai§armers, who work in very dusty environments, have higher

the remaining quartz percentages on filters throughout the stgtg, expected respiratory disease rates.
The calculations were performed as follows. The (101) peak

area for quartz was measured for the Moscow-based filter abldssification

found to be 1.35, and the PM10 value was known agA®’. Lung cancer and other diseases are classified according to a
Thus, by dividing the (101) peak area by the PM10 amount, gmerical classification system of the International Commit-
arrived at a factor of 0.0375. By assuming a 10% quartz cqge for Diseases (ICD) (World Health Organization 1977). This
tent on the filter, we derived the following equation to Ca|CL§ystem has been changed several times, most recently in 1979.

late the percent quartz on the filters: Our data covers two classification periods, ICD8 (prior to 1979)
and ICD9 (1979 to present). The newer classification further
quartz(%) = [(101)peak ared] / PM10 «10% 1) divides certain diseases into their own numerical categories.
0.0375 The diseases of interest here included malignant neoplasms

All quartz values in Table 3 were calculated in this mann&f the respiratory system (160-165), specifically lung cancer
Quartz ranged from 6 to 16% for the state of Idaho. This rarigé?2), and the chronic obstructive pulmonary diseases, specifi-
agrees with other studies (EPA 1995). Table 3 contains se¢&Hy bronchitis (491), emphysema (492), and asthma (493),
locations: Sandpoint, State Line, and Lewiston are in Bonnlévth'Ch are cgllectlvely designated here as chronic _obstructlve
Kootenai, and Nez Perce counties, respectively, which are Ryimonary diseases, or COPDs (491-493). These diseases were
cated in northern Idaho. Boise and Nampa are in Ada and Cgfiécted because they occur quite frequently and are associated
yon counties, respectively, which represent our southwest¥fih high dust concentrations and smoking. Other diseases such
Idaho locations. Finally, Soda Springs and Pocatello are 88 silicosis, asbestosis, and mesothelioma were examined but
Caribou and Bannock counties, respectively, and represent gegurred too rarely for a meaningful statistical analysis. For ex-
southeastern Idaho locations. ample, there is usually only one death per year in Idaho from

Figure 2 shows powder X-ray diffraction scans of the quargHicosis. ) _ _
(101) peaks from the DEQ filters from each region in the state. LUNg cancer is the most common of these respiratory dis-
We included our own Ag membrane filter from Moscow for conf@ses, followed by emphysema, asthma, and bronchitis. The
parison. Note that the peak heights of our Moscow sample 8tmber of deaths from asthma and bronchitis is very similar
not directly comparable because the count time was 15 s, whefi} usually ranges from 15 to 25 deaths per year in Idaho. In

TABLE 3. State-wide quartz values from glass-fiber filters i T T i i i T T j
Sample Date (100)  ug dust PM10 quartz(%) State Line

location area I standard - Moscow b
Boise (711) 1.4 71.6 50 7

Boise 717) 1.8 63.7 44 11

Lewiston (711) 14 79.3 49 8 =

Lewiston (7/19) 1.4 76.3 48 8 2

Nampa (6/25) 1.0 68.4 45 6 £ j
Nampa (7/13) 1.5 75.7 49 8

Pocatello (9/1) 1.8 65.7 48 10

Pocatello (9/13) 2.3 63.8 46 13 L 1
Sandpoint (711) 1.9 50.6 33 15 PM10 on Ag filter - Moscow

Sandpoint  (8/24) 2.0 718 46 12 *A/

Soda Springs  (7/1) 1.7 48.0 37 12 . * * * + 2052
Soda Springs  (9/20) 1.8 56.5 43 11 .73 2 theta (degrees) -
State Line (711) 2.7 68.2 45 16

State Line (717) 2.8 74.8 48 16 FIGURE 2. XRD patterns for four samples collected and X-rayed
standard 14 65.3 45 10

on glass-fiber filters and a portion of the 9/15/95 sample scanned on a
silver membrane filter. Refer to Figure 1 for sample locations.

Notes: Samples provided by the Idaho DEQ and collected in 1994.
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Idaho, approximately 70 to 80 people die per year from em-

physema, whereas approximately 350 to 400 people die per SE(SMR) D% (©)
year Idaho from lung cancer. Jo

where SE(SMR) is the standard error for the SMR, @rnisl
Database the number of observations (i.e., deaths in the observed popu-

As large a database as possible was constructed to deterrigitien). For example, in Table 4 the SMR for farmers’ deaths
if high dust levels increase the chances of contracting lung cémom lung cancer is 88 with a standard error of 3 [written 88(3)],
cer, bronchitis, asthma, and emphysema. The database inclusbie for non-farmers the SMR value is 116(1). The smaller
information on “dusty” occupations such as farming, miningE for non-farmers reflects the larger number of observed deaths
logging, and carpentry. The Idaho Department of Vital Statistif®m lung cancer for non-farmers than for farmers (7015 vs.
provided the data and assisted in constructing the database. Ti&f). These SMRs indicate that farmers in Idaho have a lower
search program provided a report of individuals who had diedtbfin expected death rate from lung cancer when compared to
the diseases 160-165 (Malignant Neoplasm of Respiratory ahd entire population of Idaho.
Intrathoracic Organs) and individuals who had died of the dis- After calculating state rates and averages, a county exami-
eases 460-519 (Diseases of the Respiratory System) for the yrat®n was performed. The SMRs for lung cancer, combined
1969 to 1994. These data also included the county, city, age, €®PDs (491, 492, and 493), and standard errors are summa-
occupational classification code, and industrial classificatioized in Table 1. The COPDs were grouped to increase the num-
code, if available, for each individual. This database consistedr of observations and thus minimize the standard error. The
of 24 247 observations (i.e., deaths) over the past 25 years andabo SMRs were calculated using the United States as the
the foundation for the statistical analysis. The overall death rateference population; thus, the U.S. death rates were used to
from respiratory diseases for farmers and non-farmers were ebtimate the number of “expected deaths.” The county SMRs
tained from this database (Table 4). In general, farmers seenwvere calculated using Idaho death rates as the reference popu-
have a slightly higher death rate for COPDs (491-493) andadion.
slightly lower death rate for lung cancer than the general popu-
lation. However, several other factors, such as smoking rates SHeKing rates
age distribution, must be considered before any conclusions carOther factors than dust contribute to respiratory disease. The
be drawn from the data. predominant cause of respiratory disease is cigarette smoking.
Itis well documented that individuals who smoke increase their
SMRs risk of dying from lung cancer by a factor of 10-15 (Hammond
Along with the disease rates that appear in Table 4, the stahal. 1978; Goldsmith 1994). Thus, it is important to know
dard mortality ratio (SMR) was also calculated. The SMR issmoking rates in Idaho and attempt to factor these values into
statistic that is routinely used to determine if death rates fine data analysis. Data on smoking from 1983 to 1989 were
certain populations are above or below the averages of othbtained by the Idaho Department of Vital Statistics and used
populations (Kahn and Sempos 1989). The standard mortafity the analysis of smoking rate by county (Table 1). The data

ratio (SMR) is defined as: were aggregated to calculate the desired rates. In cases where
o0, there were more than 50 respondents per county, a simple arith-
SMR = EEE 100 @) metic mean was used. In addition, the standard error of the

mean was included. For those counties in which there were
whereO is the number of “observed deaths” in the populatiofess than 50 respondents, no standard errors were calculated;
andE is the number of “expected deaths” in a reference popwwever, the standard errors are probably large because of small
lation. SMRs over 100 indicate death rates higher than expecteginple size. The statewide smoking rate is 20%, which is be-
and SMRs below 100 suggest that a population exhibits a ledser the national rate of 22% (BRFSS 1993).
risk than does the reference population. To determine statisti-
cal significance, a standard error (SE) can be calculated for fffusted SMRs
SMR populations (Kahn and Sempos 1989). An approximate SMR values can be refined by adjusting for known factors
SE for the SMR can be found by: which may influence death rates, such as smoking and age.

TABLE 4. Rates of various diseases for farmers, non-farmers, and entire population

Disease* Entire population Farmers Non-farmers
Number Rate % Number Rate % SMR Number Rate% SMR

160-165 & 460-519 24 247 13.3 3313 144 108(2) 20934 13.1 99(1)
162 Lung Cancer 7892 4.3 877 3.8 88(3) 7015 4.4 116(1)
486 Pneumonia 4292 2.4 600 2.6 111(5) 3692 2.3 96(2)
491 Bronchitis 384 0.2 68 0.3 150(18) 316 0.2 100(6)
492 Emphysema 2233 1.2 407 1.8 150(7) 1826 1.2 100(2)
493 Asthma 376 0.2 46 0.2 100(15) 330 0.2 100(6)

Notes: Total number of deaths in Idaho is 182,273 (1969-1994).
* Disease name and ICD9 code are given.
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Age is an important consideration for an epidemiological stueéxpected, a trend exists between lung cancer deaths and smok-
because older populations will naturally have higher death ratesy rate. When the age adjustment is applied to the SMRs, the
and higher SMRs, than younger populations. To adjust for thiend becomes less clear (Fig. 3b). Finally, after adding the
confounder, the age distribution for each county was calcamoking adjustment to the age-adjusted lung cancer SMRs, no
lated based on the 1980 Idaho census using five year intentegsid exists, as desired. The non-adjusted and age-smoking
for the age distribution. The age distribution for the state afljusted SMRs for lung cancer are given in Table 1 along with
Idaho was also calculated. Using these data, each county’'s SM&r standard errors. The combined COPDs (Table 1) could
was age-adjusted so that a particular county could be compasaty be age adjusted because no data were available to adjust
to other counties with the different ages factored in. The basie effect of smoking on these diseases (i.eRRwalues were
theory behind age correcting SMRs is to examine the poputgven in the NLMS study).

tion distributions for the study group and the comparison group

and shift the study group’s distribution to match that of thiearmers vs. non-farmers

comparison gr.oup. Norton (1996) provides more details for the One of the main goals of this study was to determine whether
Idaho populations, and Kahn and Sempos (1989) provide d@siers in dusty occupations, especially farming, have higher
tails for the mathematical approach to these calculations. 465 of respiratory diseases than those of the general popula-
Smoklng_ls alsq a confounderwhen_ calculating lung canG@dn. I1daho is a dusty state with a large agriculture base, pota-
rates. Smoking adjustments were applied based upon the mgilis i, the southern part of the state and wheat in the north.
ods described in the National Longitudinal Mortality Studys,,ent farming methods favor use of air-conditioned tractor

(NLMS) of 1988 (Roget 1988). Previous epidemiological studg,y compine cabs, but these are fairly recent amenities. Our

ies have estimated the risk of death associated with cigarefte . - <~ spans from 1969 to 1994. A farmer who died in 1980
smoking. These relative risks, combined with the rate of ciggs e age of 70 would have begun farming in a cab-less tractor
rette _smoklng fora group, can be used _to adjust an SMR 85 ,mpine and would have been exposed to large amounts of
function of the proportion of the population that smokes. Thg,q As shown by our analysis, this dust was mostly inorganic

expression for this SMR adjustment is: in nature rather than organic combustion products composed
SMR adjustment =1— (proportion smoking at specificlevel)* (RR-1)+1  mainly of hydrocarbons, as is more commonly found in large
(proportion smoking in total)* (RR-1) +1 metropo"tan areas.
(4) Our original database from the Idaho Department of Vital

whereRRis the relative risk for some activity. By using theStatistics contained occupation codes for each death which were
rate of smoking for each county (Table 1), the rate of smokinged to separate deaths in the farming trades from the rest of
in Idaho (20%), the rate of smoking in the U.S. (22%), and tttee population (see Norton, 1996 for details). Table 4 lists all
relative risk (RR) for lung cancer, an adjustment for smokirdgaths from all respiratory diseases for both farmers and non-
can be applied to each county and the state as a whole. feimers; death rates and SMRs could also be calculated from
relative risk for 25- to 64-year old white males was establishdtese data. The ICD classification 160-165 includes all malig-
at 5.09 in the 1988 NLMS study (Roget 1988). nant neoplasms of the respiratory system, of which 162 (can-
Figure 3 illustrates how SMRs change after they have bemar of the trachea, bronchus, and lung) is by far the most
adjusted. Figure 3a is a plot of smoking rates for all 44 cowignificant, accounting for 97% (ca.) of the cancers in 160-165
ties in Idaho vs. nonadjusted lung cancer SMRs. As would ¢p@up. The ICD codes 460-519 include the non-malignant res-
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FIGURE 3.Non-adjusteda) and adjuste¢b andc) relationships between lung cancer SMRs and smoking rates for the 44 counties in Idaho.

The non-adjuste(h) SMRs increase as smoking rate increases. In b the SMRs have been age-adjusted on a county-by-county basis, removing

the effect of different age populations in the different countiestie age-adjusted SMRs frdmare also smoking adjusted.
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piratory diseases such as COPDs (491-493) which accountlfawer rates for lung cancer than the rest of the U.S. but have
50% (ca.) of the deaths in this group. The other significant disigher rates for COPDs. We also obtained data on PM10 levels
ease in this group is pneumonia (486), which comprises 3086 specific counties and attempted to find trends in these data.
(ca.) of deaths in the group. Several other rare diseases occur )
in this group, such as asbestosis (501) and silicosis (502)Ff10 and disease
which only 1 or 2 deaths occur each year. See WHO (1977) orPM10 values were available for 14 of Idaho’s 44 counties
Norton (1996) for more details on the ICD classificatiofiTable 1). Figure 4a depicts the dependence of adjusted lung
scheme. cancer SMRs on PM10. These data reveal no trend (i.e., in-
The death rates in Table 4 are used to calculate SMRs ¢oeased levels of PM10 do not increase the rate of lung can-
farmers and non-farmers. The Idaho state population is thees). The dependence of adjusted COPD SMRs on PM10 is
used to obtain the expected deaths (i.e., the denominator in &tpwn in Figure 4b. Again, no clear trend appears, though the
2). The farmers have slightly elevated SMR values, 108(1), @&ta are more scattered.
compared to the SMR for non-farmers, 99(1), when all the res- Precipitation data for the past 30 years were obtained for
piratory diseases are combined. The farmers also have elevatech county from the State Climate Services at the University
rates for pneumonia and the COPDs. However, the farmer lusfgldaho (http://www.uidaho.edu/~climate). Figure 4c shows
cancer SMR, 88(3), is significantly below that of non-farmer#hat, as expected, there is a general decrease in PM10 values
116(1). with increased precipitation for the 14 counties in which PM10
To apply age and smoking adjustments to these data wodhta were available.
require information on the age distribution and smoking rates Recalling that higher PM10 values correlate to lower pre-
of farmers, which are not available. It could be speculated thegpitation values (Fig. 4c), one might predict a trend for lower
farmers, in general, are older than the normal population I®MRs at higher precipitation values if high PM10 causes in-
cause there is a general decrease in the number of peoplecezases in lung cancer. This is not the case (Fig. 5a). In fact,
tering the field of farming due to increased mechanization 8MRs increase slightly with precipitation. Figure 5b is a plot
agricultural practices. If this is true, then the SMR would adf COPDs vs. precipitation and shows no clear trend relating
just to even lower values. Although there are no data on sm&@MRs to precipitation. Again, there might even be a slight in-
ing rates for farmers as compared to the general populatiorciease in SMRs with increased precipitation.
Idaho, the NLMS study of Roget (1988) reports a smoking rate )
of 29% for agricultural workers as compared to 35% for affounty analysis
trades. Using these data and Equation 4, the farmer SMR wouldThe western part of the northern panhandle of Idaho (i.e.,
be adjusted upward from 88(1) to 98(1). Bonner, Kootenai, Benewah, Latah, and Nez Perce counties)
and the southern Snake River Plain (i.e., from Canyon County
TRENDSIN PM10AND EPIDEMIOLOGICAL RESULTS  gast to Bonneville County) exhibit near desert conditions, while
High levels of PM10 have been related to various respirdre center portion of the state (i.e., Idaho, Valley, Custer, and
tory diseases, especially COPDs, and inhalation of quartz hasnhi counties) is very mountainous. These vast differences
been related to lung cancer (IARC 1997). Thus, given the d@alimate and, in turn, dust levels, might lead to differences in
in the study, we attempted to find correlations between diseasspiratory disease rates. Figure 6a is a county-by-county map
rates when comparing Idaho to the U.S. and comparing faraf-the data given in Table 1 for unadjusted SMRs for lung can-
ers to non-farmers. As shown above, Idaho and its farmers haee and Figure 6b contains the adjusted lung cancer SMRs.
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FIGURE 4.Plots of PM10 vs. adjusted (age and smoking) lung cancer@MRdjusted (age) COP@s), and precipitatioifc). PM10 data
are only available for 14 of the 44 counties in the state, those with the higher populations (Table 1). There appedrstid bemeeen PM10
and lung cancer or COPD SMRs.



NORTON AND GUNTER: RESPIRATORY DISEASES AND QUARTZ-RICH DUST 1017

a. b.
250 71 250 T
.
200 1 ¢ 200 1 ot
2 ® )
& . o %
@ 150 7 1507 o 0 °
o o ® .
] e N (7)) ea ® O
O ® 7)) $
c 4 ® LI 4 & - ® .
§ 100 7 ‘“0 . 2 100 7 * o0 & .
.
c g L * LN
- 50 7T .. 50 1
=) . o
0 ’ = = 0 : t !
0 20 40 60 0 20 40 60
precipitation (inches) precipitation (inches)

FIGURE 5. Plots of adjusted lung cancer SMR@3 and adjusted COPLb) as a function of precipitation for 43 of Idaho’s 44 counties. No
trends are apparent in either case. However, SMRs for lung cancer plot around 100, indicating no increases in lung eaheeSMRd for
COPDs tend to plot above 100, indicating a higher than expected rate for COPDs.

a. non-adjusted lung cancer SMRs b. adjusted lung cancer SMRs
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FIGURE 6.County breakdown of non-adjusté) and adjuste¢b) lung cancer SMRs. Three types of shading exist on the maps: the darkest
is used for counties that have an SMR significantly greater than 100, white is used for counties that have an SMR sigeitieab@, and
the lighter gray is used for counties that have an SMR statistically no different from 100. The significance is determidieg bysubtracting
one SE(SMR), given in Table 1, to each SMR. If, for instance, after subtracting one SE from an SMR above 100, the SMBVv&till@9, then
it is considered significant. The five counties currently in non-attainment for PM10 are also labeled, along with LatalPandeN=minties.
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a. non-adjusted COPD SMRs b. adjusted COPD SMRs
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FIGURE 7. County breakdown of non-adjustéa) and adjustedb) COPDs SMRs. Counties in white have SMRs below 100, those in gray
are approximately 100, and those in black are above 100. The five non-attainment counties are also shown.

Figure 7 shows the SMRs for COPDs. The importance fthis study. Reviews by Peter Heaney, Cathy Skinner, and comments of the
fociate Editor, Jill Banfield, are also greatly appreciated. We also thank the

. . A
the SM_R adjustment (‘fan be_ seen. Imeres“_ngly’ an approghno state Board of Education and the National Science Foundation (NSF-
mately inverse correlation exists between adjusted lung canpeE no. 9254158) for funding this investigation.
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