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ABSTRACT 

A source apportionment study was conducted 
between March 18 and A p r i l  4, 1988, a t  Pleasant 
Val ley, Nevada, t o  evaluate a i r  p o l l u t a n t  
concentrat ions t o  which community res idents  were 
exposed and t h e  source c o n t r i b u t i o n s  t o  those 
p o l l u t a n t s .  D a i l y  PM,, samples were taken f o r  
chemical spec ia t ion  o f  40 t r a c e  elements, ions, and 
organic  and elemental carbon. Hour ly  hydrogen 
s u l f i d e ,  wind speed and d i r e c t i o n ,  sigma theta,  
temperature, and re1 a t i v e  humid i ty  data were a1 so 
co l lec ted .  The ob jec t ives  o f  t h i s  case study are: 
(1) t o  determine the  emissions source composit ion 
o f  t h e  p o t e n t i a l  upwind source, a geothermal p l a n t ;  
(2) t o  measure t h e  ambient p a r t i c u l a t e  
concentrat ion and i t s  chemical c h a r a c t e r i s t i c s  i n  
Pleasant Val ley;  and (3)  t o  est imate t h e  
c o n t r i b u t i o n s  o f  d i f f e r e n t  emissions sources t o  

Source emissions from the  power-plant coo l ing-  
tower and geologica l  mater ia l  around t h e  source and 
receptor  s i t e s  were sampled and chemical ly  
analyzed. Chemical mass bal ance receptor  model i ng 
was performed t o  determine t h e  c o n t r i b u t i o n  o f  t h e  
power-plant plume and o ther  sources i n  t h e  area t o  
PM,, concentrat ions.  The study found t h a t :  (1) 
p a r t i c u l a t e  emissions from t h e  geothermal coo l ing-  
tower plume consis ted p r i m a r i l y  o f  s u l f a t e ,  
ammonia, ch lo r ide ,  and t r a c e  elements; (2 )  no 
s i g n i f i c a n t  q u a n t i t i e s  o f  t o x i c  inorganic  species . 
were found i n  t h e  ambient a i r ;  (3)  ambient PM,, 
concentrat ions i n  Pleasant Va l ley  were w i t h i n  
Federal standards; and (4) source c o n t r i b u t i o n s  t o  
PM,, were approximately 60% geologica l  mater i  a1 ; 
20% motor v e h i c l e  exhaust; and 10% cool ing- tower  
p l  ume. The PM,, 1 eve1 s , t h e  chemical 
concentrat ions, and t h e  sum source c o n t r i b u t i o n  
estimates are much lower  than those l e v e l s  found t o  
be d e l e t e r i o u s  t o  pub1 i c  heal th .  

PM,, 

INTRODUCTION 

Pleasant Va l ley  i s  a small r e s i d e n t i a l  
community (populat ion o f  approximately 600) loca ted  
between Reno and Carson City, t h e  two major urban 
centers  i n  nor thern  Nevada. A 12.5-megawatt 
geothermal power p l a n t  operated by Cai thness Power, 
Inc., i s  loca ted  i n  Pleasant Va l ley  approximately 
20 km south o f  Reno. This power p l a n t  conver ts  

450 "C groundwater i n  t h e  Steamboat geothermal 
f i e l d  i n t o  energy which suppl ies power t o  12,500 
households i n  nor thern  Nevada. 

Residents i n  Pleasant Va l ley  have repor ted  t h e  
de tec t ion  o f  odors i n  t h e  neighborhood s ince the  
beginning o f  1988. These res idents  have expressed 
concern about p o t e n t i a l  adverse h e a l t h  e f f e c t s  
which might be caused by gases and p a r t i c l e s  which 
accompany t h e  odors. With t h e  assistance o f  Washoe 
County D i s t r i c t  Heal th  Department o f f i c i a l s ,  an 
ambient and source moni tor ing program was conducted 
between March 18 and A p r i l  4, 1988. The study was 
designed t o  evaluate a i r  p o l l u t i o n  concentrat ion 
l e v e l s  t o  which t h e  community res idents  were 
exposed. 

This  paper addresses t h e  p a r t i c u l a t e  phase o f  
t h e  study. I t s  ob jec t ives  are: 1) t o  determine 
t h e  chemical cons t i tuents  o f  emissions from the  
geothermal power p lan t ;  2) t o  measure the  ambient 
concentrat ions o f  p a r t i c u l a t e  chemical species i n  
Pleasant Val ley;  and 3)  t o  est imate the  
c o n t r i b u t i o n s  o f  d i f f e r e n t  emissions sources t o  
suspended p a r t i c u l a t e  mat ter  i n  the  r e s p i r a b l e  s ize  
f r a c t i o n  (PM,,, p a r t i c l e s  l e s s  than 10 pm i n  
aerodynamic diameter). I n  order  t o  a t t a i n  these 
ob jec t ives ,  f i l  ter'samples o f  suspended p a r t i c u l a t e  
mat ter  were taken both i n  t h e  cool ing- tower  plume 
and on t h e  ground. The f i l t e r  deposi ts  were 
character ized f o r  a number o f  chemical species. 
The measurements i n  t h e  plume form a chemical 
f i n g e r p r i n t  which can be d is t ingu ished from the  
f i n g e r p r i n t s  o f  o ther  p a r t i c u l a t e  c o n t r i b u t o r s  such 
as geologica l  mater ia l ,  motor veh ic le  exhaust, and 
wood burning. The Chemical Mass Balance (CMB) 
receptor  model (Watson e t  a l . ,  1990) was app l ied  t o  
these data t o  determine t h e  c o n t r i b u t i o n  o f  the  
power-plant plume and o ther  sources t o  the  
inha lab le  p a r t i c u l a t e  concentrat ions measured by 
t h e  ground-based sampler. Receptor models are 
widely  used i n  t h e  development o f  State 
Implementation Plans f o r  meeting. ambient a i r  
q u a l i t y  standards (Watson e t  a1 . , 1989). 

SAMPLING, ANALYSIS, AND MODELING 

PM,, ( p a r t i c u l a t e  mat ter  w i t h  aerodynamic 
diameter l e s s  than 10 microns) samples were taken 
d a i l y  a t  20540 Eaton Road, Pleasant Val ley, NV, f o r  
24 hours per day from March 18 t o  A p r i l  4, 1988. 
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Table 1 

P1 easant Val 1 ey Source Apportionment Study 
Ambient Measurements' 

Measurement 
Method/Instrument Measurement 

PMlO 

PM,, Mass 

Sampl i ng 
Period 

Da i ly ,  24 D R I  MEDIUM-VOLUME ( PM,,) 
Hours/Day Sampler 

Da i ly ,  24 
Hours/Day 

PM,, E l  emen t s Dai ly ,  24 
( f rom A1 t o  Pb) Hours/Day 

PM:, Chloride, Da i ly ,  24 
N i t r a t e ,  and Hour s/Day 

S u l f a t e  Ions 

PM,, Ammonium I o n  Dai ly ,  24 
Hour s/Day 

PM,, Organic and Da i ly ,  24 
Hour s/Day 

Elemental Carbon 

Grav imetr ic  Analys is  on 
Teflon-Membrane F i l t e r s  w i t h  
Cahn 31 Elect ro-Microbal  ance 

X-ray Fluorescence Analys is  on 
Central Por t ion  o f  Te f lon-  
Membrane F i  1 t e r s  w i t h  Kevex 
700/800 XRF Analyzer 

Ion  Chromatographic Analys is  
on f Quartz-F iber  F i l t e r  
Ex t rac ts  w i t h  Dionex 4000i Ion  
Chromatograph 

Automated Co lor imet r i c  
Analys is  on f Quar tz -F iber  
F i l t e r  Ex t rac ts  w i t h  TRAACS 
800 Technicon System 

Thermal/Optical Reflectance 
Carbon Analys is  on 0.5 cm2 
Punches from Pre- f  i r e d  Quar tz -  
F iber  F i l t e r s  w i t h  DRI/OGC 
Thermal/Opti c a l  Carbon 
Analyzer 

Samples were taken on f i l t e r s  w i t h  a D R I  
MEDIUM-VOLUME PM,, (DRI-10) sampler. The DRI-10 i s  
a specia l  sampler designed t o  c o l l e c t  PM,, samples 
onto Teflon-membrane and p r e - f i r e d  q u a r t z - f i b e r  
f i l t e r s  a t  a f l o w  r a t e  o f  30 l i t e r s  per minute. 

I n  a d d i t i o n  t o  t h e  PM,, measurements, a Meloy 
Model 285 hydrogen s u l f i d e  analyzer and 
meteorological moni tors  were i n s t a l l e d  a t  t h e  
sampl i n g  s i t e  t o  cont inuously  moni tor  hydrogen 
s u l f i d e  (H,S), wind speed, wind d i r e c t i o n ,  sigma 
theta,  temperature, and re1 a t i v e  humidity. These 
continuous measurements were averaged over s i x -  
minute and one-hour i n t e r v a l s .  

Table 1 summarizes the  ambient measurements. 
Chow (1987) descr ibes t h e  ana lys is  methods which 
were app l ied  i n  t h i s  study. Source samples f o r  
s o i l ,  paved-road dust, storage p i l e s ,  and 
geothermal cool  i ng- tower p l  umes were a1 so c o l  1 ected 
i n  both PM,, and PM, ( p a r t i c u l a t e  mat ter  w i t h  
aerodynamic diameter 'less than 2.5 microns) s i z e  
f r a c t i o n s .  

Geological samples were taken from vacant 
areas and storage p i l e s  i n  t h e  v i c i n i t y  o f  
t h e  sampl ing ,s i te  and geothermal p l a n t .  Samples 
were a lso  swept from roadways t o  represent 

resuspended road dust .  These samples were 
dr ied ,  sieved, and resuspended i n t o  a s t i l l i n g  
chamber us ing a forced a i r  j e t .  PM,, and PM2.5 
samplers were placed i n  t h e  chamber and the  
resuspended dus t  was sampled j u s t  as i t  would be a t  
a receptor  s i t e .  The f i l t e r  deposi ts  were then 
submitted t o  t h e  same chemical analyses performed 
on receptor  sampl es . Cool i ng- tower p l  ume sampl es 
were c o l l e c t e d  us ing  a suspended p l a t f o r m  t o  loca te  
t h e  sampler i n  t h e  plume t o  sample cool ing- tower  
emissions. Concurrent upwind background samples 
were a lso  taken t o  a l l o w  t h e  subt rac t ion  o f  
p a r t i c l e s  from t h e  ambient a i r  which were ent ra ined 
i n  t h e  plume. The background sample was taken over 
a longer  per iod  than t h e  plume sample t o  acquire a 
mass 1 oadi ng s u f f i c i e n t  f o r  chemical analyses. The 
changing meteorology over t h e  sampling per iod  d i d  
n o t  guarantee t h a t  t h e  background sample was 
uninf luenced by t h e  plume b u t  t h e  winds dur ing  the  
sample per iod  genera l l y  placed t h e  background s i t e  
upwind o f  t h e  power p lan t .  

Other source chemical f i n g e r p r i n t s  included 
t h e  Denver Brown C1 oud wood-burni ng source p r o f  i 1 e 
(Watson e t  al. ,  1988b), t h e  Sta te  o f  Nevada A i r  
P o l l u t i o n  Study (SNAPS) mobile source p r o f i l e  f o r  
automobile emissions (Watson e t  al. ,  1988a), the  
South Coast A i r  Q u a l i t y  Management D i s t r i c t ' s  
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Table 1 (continued) 

Pleasant Va l ley  Source Apportionment Study 
Ambient Measurements" 

Measurement 

PMlO 

Sampl i ng 
Period 

Da i ly ,  24 
Hours/Day 

Hydrogen Sul f i d e  Hourly, 24 
Hour s/Day 

Measurement 
Met hod/ Instrument 

D R I  MEDIUM-VOLUME ( PM,,) 
Sampler 

F1 ame Photometri c/Mel oy 285 

Wind Speed Hourly, 24 Cup Anemometer/Met One 
Hour s/Day 

Wind D i r e c t i o n  Hourly, 24 
Hour s/Day 

Sigma Theta 

Temperature 

Hourly, 24 
Hours/Day 

Hourly, 24 
Hour s/Day 

Re1 a t  i ve Humi d i  t y  Hourly, 24 
Hours/Day 

Vane/Met One 

Computed/Campbell 21X 

Thermistor/Met One 

Resistance/Met One 

"Chow (1987) descr ibes t h e  measurement processes, data processing, and q u a l i t y  
assurance procedures. 

1 ime/gypsum and res idua l  o i l  combustion source 
p r o f i l e s  (Cooper e t  a l . ,  1987), and s i n g l e -  
cons t i tuent  source p r o f i l e s  (Watson, 1979) f o r  
secondary ammonium s u l f a t e ,  secondary ammonium 
n i t r a t e ,  and secondary organic carbon. 

F igure 1 shows t h e  chemical f i n g e r p r i n t s  o f  
t h e  d i f f e r e n t  emissions sources which are expected 
t o  c o n t r i b u t e  t o  PM,, concentrat ions i n  Pleasant 
Val ley. The power-plant coo l ing  tower conta ins 
mostly so lub le  species such as ammonium, potassium, 
n i t r a t e ,  s u l f a t e ,  and c h l o r i d e  ions. These 
probably o r i g i n a t e  from s a l t s  d isso lved i n  the  
water. Copper, z inc,  arsenic, bromine, palladium, 
s i l v e r ,  cadmium, and lead are a lso  found i n  the  
plume, bu t  a t  l e v e l s  which are much l e s s  than 
0.01%. The m e t a l l i c  species may have o r i g i n a t e d  i n  
t h e  power-pl ant  plumbing . Others may be d isso lved 
i n  the  water. Arsenic, f o r  example, i s  o f t e n  found 
i n  Nevada wel l -water .  Some o f  these species may 
a lso  have been en t ra ined i n  the  plume from d i l u t i o n  
w i t h  t h e  ambient a i r  and are no t  e n t i r e l y  
e l im ina ted  by t h e  background subt rac t ion .  None o f  
these species i s  present a t  l e v e l s  which would be 
considered de le te r ious  t o  heal th .  The power-pl ant  
plume f i n g e r p r i n t  i s  s u b s t a n t i a l l y  d i f f e r e n t  from 
t h e  chemical f i n g e r p r i n t s  o f  o ther  sources. 

The EPA/DRI Chemical Mass Bal ance receptor  
model (Watson e t  a1 . , 1990) was appl ied t o  t h e  PM,, 
chemical composit ion measurements f o l l o w i n g  t h e  
appl i c a t i  on and Val i d a t  i on protocol  s o f  Pace and 
Watson (1987). A f t e r  several i n i t i a l  tes ts ,  t h e  
e i g h t  source p r o f i l e s  which were chosen f o r  
a p p l i c a t i o n  t o  t h e  da ta  sets  were: primary s o i l  
dus t  (COMP1, COMPE), pr imary cons t ruc t ion  dust  
(CDLIME) , pr imary motor veh ic le  exhaust (MVRENOI), 
pr imary res idua l  o i l  combustion (ROILSD), pr imary 
plume emissions (PLUMEl), secondary ammonium 
n i t r a t e  (NH4N03), secondary ammonium s u l f a t e  
(NH4S04, NH4HS04), and secondary organic  carbon 
(ORGANICS). The vegeta t ive  burn ing source 
c o n t r i b u t i o n  was small and t h e  omission o f  t h i s  
source-type d i d  n o t  change t h e  o v e r a l l  modeling 
r e s u l t s .  

RESULTS AND DISCUSSION 

PM,, concentrat ions were e n e r a l l y  low, w i t h  an 

per iod.  The h ighest  PM,, concentrat ion o f  40.9 f 
2.1 pg/m3 occurred on 3/22/88 and i s  much lower  than 
t h e  Nat ional  Ambient Q u a l i t y  Standard (NAAQS) 24- 
hour PM,, standard o f  150 pg/m3. Among t h e  41 
chemical species which were sought, o n l y  those 
common t o  geolog ica l  c r u s t a l  mater ia l  (such as 

average o f  13.8 f 7.4 pg/m 9; over the  sampling 
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Geological Source Profile 
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Figure 1. Chemical Source Pro f  i 1 es Appl i e d  i n  the P1 easant Val 1 ey Source Apportionment 
Study. The p r o f i l e s  are: a) Composite Geological Source P r o f i l e  around the 
Sampling S i t e  (COMPl ) ,  b) Composite Geological Source P r o f i l e  f rom t h e  Geothermal 
P lan t  (COMP2), c) Cool ing-Tower Plume Source P r o f i l e  (PLUME1) w i t h  Background 
Subtract ion,  and d) SNAPS Motor Vehic le  Source P r o f i l e  (MVREN04). 

aluminum, s i l i c o n ,  potassium, calcium, and i r o n ) ,  
secondary ammonium, n i t r a t e ,  su l fa te ,  and organic  
and elemental carbon were found. Most o f  t h e  o ther  
elemental concentrat ions i n c l u d i n g  t o x i c  species 
such as mercury, cadmium, arsenic, and selenium, 
were a t  o r  near instrument de tec t ion  l i m i t s .  These 
de tec t ion  l i m i t s  are orders o f  magnitude lower than 
hazardous 1 eve1 s . 

The Chemical Mass Balance receptor  model was 
app l ied  t o  each 24-hour sample. With t h e  se lected 
source p r o f i l e s ,  near ly  100% o f  t h e  PM,, was 
accounted f o r  w i t h i n  measurement and modeling 
uncer ta in t ies ,  i n  over 90% o f  t h e  cases. The 
values o f  a l l  CMB performance measures are w e l l  
w i t h i n  t h e  c r i t e r i a  range s p e c i f i e d  i n  EPA model 
a p p l i c a t i o n  and Val i d a t i o n  pro toco ls  (Pace and 
Watson, 1987). 

F igure 2 d isp lays  t h e  i n d i v i d u a l  24-hour 
source apportionment r e s u l t s  f o r  t h e  study per iod  
and F igure 3 r e p o r t s  t h e  average source 

c o n t r i b u t i o n  estimates. Primary geologica l  
mater ia l  was the  major source c o n t r i b u t o r  and 
accounts f o r  58% o r  8.0 f 1.4 pg/m3 o f  the  average 
PM,,. Primary motor v e h i c l e  exhaust was the  second 
l a r g e s t  source c o n t r i b u t o r  a t  17% o r  2.3 f 0.2 pg/m3 
o f  t h e  average PM,,. The geothermal cool ing-tower 
plume was detectable and c o n t r i b u t e d  an average o f  
9% o r  1.3 f 0.3 pg/m3 o f  t h e  average PM,,. Primary 
cons t ruc t ion  dust, secondary organics, secondary 
ammonium n i t r a t e ,  and secondary ammonium s u l f a t e  
source c o n t r i b u t i o n s  were small, ranging from 0.3 
f 0.03 t o  0.8 f 0.2 pg/m3 o f  t h e  average PM,,. 

The h ighest  PM,, concent ra t ion  o f  40.9 f 2.1 
pg/m3 was measured on 3/22/88. Th is  value i s  three 
times h igher  than t h e  average PM,, concentrat ion o f  
13.8 pg/m3 over the  sampling per iod.  The 24-hour 
average wind speed on 3/22/88 was 4.8 m/s and t h e  
h ighest  h o u r l y  average was 10.4 m/s. Over 72% o r  
2.9 k 2.5 pg/m3 o f  t h e  PM,, mass on 3/22/88 was 
c o n t r i  buted by geologica l  mater i  a1 . No detectable 
plume c o n t r i b u t i o n  was found on t h i s  h i g h  PM,, day. 
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Geothermal cool ing- tower  plume c o n t r i b u t i o n s  
ranged from 0.34 f 0.49 pg/m3 on 3/19/88 t o  3.8 f 
0.93 on 3/28/88. The plume c o n t r i b u t i o n s  were 
about th ree  t imes h igher  than t h e  average 1.3 f 0.3 
pg/m3 on 3/27/08, 3/28/88, and 3/29(88, rang i ng from 
3.0 f 0.7 t o  3.8 2 0.9 pg/m. The hour ly  
meteorological data i n d i c a t e  predominantly 
n o r t h e r l y  and nor thwester ly  winds on these days 
w i t h  an average wind speed o f  2 t o  4 m/s. Hourly 
average H,S concentrat ions i n  excess o f  0.1 ppb were 
detected 10% o f  t h e  t ime on these days, which 
confirms t h e  plume impact. 

The c o n t r i b u t i o n s  from each o f  these sources 
are f a r  below l e v e l s  which have been found t o  cause 
adverse h e a l t h  e f f e c t s .  

Egami e t  a l .  
0 Average and maximum PM,, concentrat ions 

measured i n  Pleasant Val ley are much lower  
than Federal standards. No s i g n i f i c a n t  
q u a n t i t i e s  of t o x i c  inorganic  species were 
found i n  ambient a i r .  

0 Resuspended dust  con t r ibu ted  over 60%, motor 
v e h i c l e  exhaust con t r ibu ted  approximately 20%, 
and t h e  geothermal cool ing-tower plume 
c o n t r i b u t e d  l e s s  than 10% o f  t h e  average PM,, 
i n  ambient a i r .  The absolute concentrat ions 
c o n t r i b u t e d  by any source are much lower than 
those l e v e l s  which have been found t o  be 
d e l e t e r i o u s  t o  pub1 i c  heal th .  
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