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The National Hum an Exposure Assessment Survey study in Arizona (AZ NHEXAS) sampled
trace metals in multimedia in and outside of 176 rep resentative hom es in Arizona. PM 10
was collec ted using low-flow impacto rs indoors and oul. Primary metals evaluated from
monitoring of indoor and outdoor air were lead, cadmium, chromium, nickel, and arsenic.
Secondary metals were also evaluated. They were analyzed using gas chromatography­
inductively coupled plasma/atomic emission spectroscopy (CC·ICP/AES). Air concentra­
tions of metals do not contribute appreciable amo unts to total concentrations o f metals,
and none were above levels of conce rn. Measurem ents were made of selec ted pesticides
(primarily chlorpy rifos and diazinon ) from particulate mailer (PM 10) filters obtained indoors
and ou tdoors. Indoor air pesticide exposures represent abo ut 25 % o f the total expo sure to
these pesticides. The highest 10% o f exposures were related to questions abo ut pesticide
usage, at hom e and at work.

PM10 and lead are regulated by National Ambient Ai r Qu ality Standards.
Indoor PM 10 and lead are known to contribute a large amount to total ex­
posure to both (as mentioned in the U.s. EPA Air Qu alit y Crit eria Document;
U.s . EPA, 1986, 1992, 1996). In addition, other elemental metals can cause sig­
nifi cant health effects. However, the popul ation distributions of exposures to
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these metals in different media are unknown (Sexton et aI., 1995). Inhalation of
inorganic arsenic (As) is assoc iated with respiratory, cardiovascular, neurolog­
ical, teratogenic, and carcinogenic effec ts (ATSD R, 1993a). Human exposure
to cadmium occurs through ingestion and inhalation (ATSDR, 1997a). Smok­
ers experience double the daily exposure of nonsmokers to cadmium. Acute
and chronic inhalation can result in dam age to the lun g including cancer, and
chronic inh alation affec ts o ther organ systems. Chromium(l lI) and nickel are
essential nut rient s, but chro mium(VI) and nickel exposures can cause adverse
health effects; it is o ften assumed that tot al Cr can thus cause such adverse
health effects. Among the sensitized, exposure to chro mium or nickel provokes
derm al and inhalation allergy, chronic bronchitis, and reduced lung function
(ATSDR, 1993b, 199 7b). Long-term inhalation of both metals is associated
with an elevated risk o f lung cancer (ATSDR, 1993b, 1997b) . Daily exposure
to all of these elemental metals is commo n.

Chlorpyrifos and diazinon have widespread use (Lew is et aI., 1988; W hit­
more et aI., 1994; Buckley et aI., 1997). These organophosphate (OP) pes­
ticides are known to have toxic endpoints and may have carcinogenic end­
points. OP insecticides acco unted for one-third of all reported pesticid e poi ­
sonings in the United States in 1990, and diazinon and chlorpyrifos accounted
for 50'1.. o f the OP reports (Kamrin, 1997). Acut e toxicit y from OPs involves
acetylcholinesterase inhibition, with multiple organ system effects (Salem &
Ol ajos, 1988 ). Low-dose chronic expo sure can lead to the same effects, and
other neurological symptoms (Kamr in, 199 7).

The study is primarily concerned w ith residenti al exposures, using moni­
toring, questionnaire and tim e-activit y pattern data, as part of an attempt to
obtain population distributions of exposure, by media and total. The speci fic
objec tives o f the overall study have been elucidated before (Lebowi tz et al.,
1995). In this paper, the focus is on the effor ts to docum ent the occurr ence,
distribution, and some determinants of exposure to airborne PM 10, metals,
and pesticides in the general population.

METHODS

The Nation al Human Expo sure Assessment Survey (NHEXAS) study in Ari­
zo na employed a popu lation-based probabil ity design and contacted 1200
hou seho lds (Lebowitz et al., 1995) . Of these, 176 homes were targeted for in­
tensive multim edia sampling. The study design, questionnaires emp loyed, and
field and laboratory analytical techniques were previou sly presented. PM sam­
plin g (for metals and pesticid es) was carried out at 4 L/min w ith a personal
sampler pump (model 224-PCXR8, SKC, Inc.). Outdoor air was sampled to
give an integrated 24-h sample over a 3-day period using a timer for intermit­
tent sampling. Indoor air was sampled in the same manner for an integrated
12-h period over 3 days, and personal air was sampled similarly to give an
integrated 8-h sample over a 1-day period. These schedules were suff icie nt to
measure PM 10, and metals in prior studies and in chambers. Personal, fixed in-
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door, and fixed outdoor air sampling for pesticides was accomplished using the
URG-200 sampler unit w ith 1O-lJ m particle inlet, Teflon-coated glass fiber filter
(25 mm diameter, Pallflex TA60A20), and polyurethane foam (PolyUrethane
Foam; 25 mm x 76 mm) sorbent (Go rdon et aI., 1999). Because of the small
number of personal and outdoor air samples w ith detectable levels of pesti­
cides, such sampling and analysis was discon tinu ed dur ing the course of the
projec t. It was determined that the levels of pesticides outdoors had degraded
(from ultraviolet and other meterological phenomena) to the poin t of having
mostly nondetects from outdoor air samples, and the personal air samplers
were not sensitive enough for pesticides. PM10 air filt ers were weighed to
calculate PM10 concentratio ns, x-rayed for metals, and shipped to Battelle for
analysis. Pb, Cd, Cr, Ni, and secondary metals were evaluated by Battelle using
inductively coupled plasma-atomic emission spectrosco py (ICP-AES). Detec­
tion limits and quality assurance methods were prov ided previously (Lebowitz
et aI., 1995).

RESULTS

For the 176 subjec ts, females were overrepresented, and the study popu ­
lation contains one Hispanic for every two non-Hi spanics (consistent for each
gender and all age groups and consistent with the decennial census data;
Robertson et aI., 1999).

The proporti on of tim e spent indoors at home was 77-80% for those
younger than 5 yr and older than 65 yr (the remainder being mostly outdoors );
it was 63% for the others. Work or schoo l time was 10-1 2% and transit was
5-8<1'0 for those aged 6-65 yr.

The cumulative distributions of PM10 mass from impactor sampling are
shown in Figures 1 (for outdoors) and 2 (for indoors); the 90th percentil es
were 48.2 ug/rn :', respectively.

Metals

Lead and calcium went undetected in air. Indoor nickel, zinc, and barium
were detected in about 1% of the samples (with maxima of 15.5, 1.8, and 0.3
ug/rn ', respectively).

Chromium had no values at or below the 95th percentile, and its maxima
were 0.29 IJ gjm3 indoors and 0.45 IJ gjm3 outdoors. Outdoor manganese did
have a 90th percentil e (0.05 IJ gjm3 ); its maximum outdoo rs was 0.21 IJ gjm3;
indoors the maximum was 0.12 ug/rn :'.

Arsenic was detected in about 30% of the indoo r and 32% of the outdoor
air samples; the 75th percentil es we re 0.004 IJ gjm3 and 0.006 ug/rrr' , respec­
tively; the 90th percentiles were 0.008 IJgjm3 and 0.0 1 ug/rn -', respectively;
and the maxima were 0.022 and 0.026 IJgjm3, respectively. These results in­
dicate that exposure to metals from air is very low for the studied population.
For arsenic, residence in minin g town s delineated half of those in the upper
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FIGURE 1. Cumulative di stribution o i outdoor PM 1O.

90th percentil e of exposure. The oth er metal s were also distributed geograph­
ically in a way that will contribute to knowledge of sources. None of the air
values exceeded Arizona standards.

Comparisons of metals in smokers versus non smokers and smoking versus
non smoking homes (18<Yo homes with smoking) (using nonparametric com­
parisons, p < .05 for significance) showed that smokers had higher values
than non-smokers for blood Pb, Cd, and urinary Cd; hom es with smokers had
higher levels of indoor PM 10 than hom es without smoking; and there were
no significant differences in Cd or Pb in oth er media between two groups. In
regard to tob acco smoke exposure in non smokers, there were detectable but
not statistically significant differences in blood Pb, Cd, and urina ry Cd between
non smoking residents of smoking homes (n = 25) and of non smoking homes
(n = 101). However, for ages less than or equal to 16 yr (n = 33), there were
detectable and statistically significant greater concentrations of blood Pb, Cd,
and urin ary Cd for children who reside in homes with smoking (n = 10) than
tho se who reside in hou sehold s without smokers (n = 23) (5. Rogan, thesis,
unpublished).

Pesticides

Chlorpyrifos and diazinon indoor s had a 63-65<Yc>detection rate. The dis­
tributions were at best lognorm al. The 50th percentil es were 10.7 ng/rn ' and
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FIGURE 2. Cumulative distribution of indoor PM1O.

7.3 ng/rn ' . respectively. The 90t h percentiles were 78.8 ng/rn :' and 58.3 ng/rn ' .
respective ly. The 99th percentiles were 155.1 ng/rn ' and 124.1 ng/rn ", respec­
tively. Prelim inary analysis indicates that the co ntribution to total exposure
from indoor air exposure for chlorpyrifos is at least 25% (for an adult male).
Further, the top 10% of those exposed had questionn aire responses indicating
pesticide usage either at hom e and/or at wo rk recently.

DISCUSSION

The relative metal analyte contr ibutions from different media are quite dif­
ferent (O'Rourke et aI., 1999). Alm ost all fixed-site air samples (ind oors and
out) were below the detection limi t or, wh en detected, values were in the
nanograms per cubic meter range. Lackin g compe lling evidence related to
par ticle deposition site, population susceptibility, association w ith a specif ic
disease, or pharmacokinetics of a given analyte, the importance of air con­
centrations to total metal concentrations leading to total expos ure may be
limited.

For the pesticides, the median levels found in ind oor samples agreed we ll
with other studies, although the levels co rresponding to the upp er 0.1- 1%
of the population were co nsiderably higher than levels reported elsewhere
(Go rdo n et aI., 1999).
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