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MASS CONCENTRATIONS OF RESPIRABLE PARTICULATE AND
NICOTINE IN SEVEN
SMOKER'S HOMES IN RURAL AREA OF TAIWAN

CHANG-CHUAN CHAN!, SHEN-KA1 HUANG?,
Y1-CuuN CHEN?, JunG-DErR WANG*

This study examines smoker's impact on his indoor air quality and his rela-
tive exposure to respirable particulate and nicotine. The daily indoor/outdoor
respirable particulate and nicotine concentrations of seven smoker's homes were
concurrently measured over a week in a rural area of Taiwan in the summer and
the winter. Personal exposures to respirable particulate and nicotine of sixteen
members from these seven families were also measured. Respirable particulate
samples were collected on PVC filters by personal pumps with cyclone (flow rate
= 1.9 l/min). Nicotine samples were actively collected on the teflon coated glass
fiber filters impregnated with sodium bisulfate, extracted by ammoniated heptane,
and analyzed by the gas chromatographic method. Indoor respirable particulate
concentrations (44 to 1071/m?) were higher than outdoor (27 to 92/m?) in both
the summer and winter. In summer, the nicotine concentrations averaged at 0.7 *
0.6/m’ indoors and about 0.5 + 0.51/m’ for personal exposure. In winter, the
nicotine concentrations averaged 0.7 * 1.1/m’ indoors and about 0.4 + 0.5W/m’
for personal exposure. From correlation analysis, the indoor respirable particu-
lates appeared to be generated from outdoor road dust rather from environmental
tobacco smoke. (Chin J Public Health (Taipei): 1996; 15(5): 425-433)
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INTRODUCTION

Environmental tobacco smoke (ETS) is a
complex mixture of chemicals in gaseous as
well as particulate phases.[1] Adverse health
effects of ETS exposure are thought to be
caused by chemicals in the particulate phase.
[2] Many field studies have documented a
significant influence of ETS on the suspend-
ed particulates concentrations indoors.[3-5] A
smoker of one pack of cigarettes daily con-
tributes about 20p/m3 to 24-hour indoor parti-
cle concentrations at his home.[7] Studies also
found that individuals were commonly exposed
to ETS in indoor settings like homes, work-
places and public buildings.[8] The contribu-
tion of ETS to indoor particulate levels and
personal exposure to respirable particulate (RP)
probably varied from country to country due
to specific environmental conditions and ac-
tivity patterns in each country. In this study,
RP was defined as particulates which can pass
a cyclone pre-selector with 50% cut-off size
of Sum. In Taiwan, the import of foreign
cigarettes was legalized on January, 1987. The
tobacco dose consumed among the general pop-
ulation increased from 28% in 1986 to 32%
in 1990.[9] Due to the rising trend in ciga-
rette consumption, ETS is expected to affect
the indoor air quality significantly in Taiwan
in the future. Thus, this study was conducted
to determine whether mass concentrations of
RP and nicotine indoors were significantly in-
fluenced by ETS in homes of smokers in the
rural areas in Taiwan, where no major indus-
trial sources of air pollutants existed. In ad-
dition, the environmental conditions and per-
sonal activity patterns which affect personal
exposure to RP would be identified.

METHODS
Subjects and Sampling Sites
Seven families, with 16 persons, located

in two communities of a farming area in cen-
tral Taiwan were selected to participate in this
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study. Four of them were located in a com-
munity with 30,000 population (zone A), the
other three were in a community with 100,000
population (zone B). There are relatively few
industrial emissions in these two areas. These
seven families are selected because they are
neighboring roads and having routine smok-
ers at homes. The father in each family is the
only smoker (Table 1). The sampling was
carried out in two seasons: August 11 to 17,
1991 (summer) and December 22 to 28, 1991
(winter). Each of the homes had one indoor
RP sampler located in the living room and
one outdoor sampler in the yard. In the win-
ter sampling, four impactors which measured
particles with diameters less than 10um (PM10)
were added inside and outside two homes and
at two centrally located sites. One cascade
impactor were also used to characterize the
size distribution of indoor and outdoor parti-
cles by eight different particle sizes . Person-
al exposure to RP and nicotine were measured
by samplers at participants' breathing zones.
The indoor RP and nicotine samples were lo-
cated at approximately 1.2 m above the floor
in the living room.

Sampling Devices

The sampler assembly used to collect RP
and nicotine is equipped with a 37-mm PVC
filter (SKC Inc., USA, pore size = 5um ) ahead
a sodium bisulfate treated glass fiber filter.
An aluminum cyclone is connected to the fil-
ter assembly to allow the particulates with size
less than Spum to pass the inlet at the flow
rate of 1.9 I/min. The SKC personal sam-
pling pumps (Model 224-PCXR-7) were set
to operate by batteries for 12 hours and by
chargers for another 12 hours daily. The Har-
vard Impactors (ADE Inc., USA) were used
to collect suspended particulates with size less
than 10 pm at flow rate of 10 I/min. The 8-
stage Anderson Ambient Cascade Impactor
(Anderson Inc., USA) was used to differenti-
ate particle sizes from 9 to 0.4pm at the flow
rate of 28.3 I/min. The flow rates of all sam-
pling pumps were all calibrated by.a*bubble
meter before and after each sampling:(Gillian
Instrument Corp., USA)
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Table 1. The characteristics of the participants and homes
Participant  Relationship Age Occupation Somking Sampling
status season

All Father 52 Retiree Yes Both season
Al12 Mother 50 Chickenraiser No Both season
A2l Father 62 Farmer Yes Summer only
A22 Mother 63 Farmer No Summer only
A3l Father 47 Shopkeeper Yes Both season
A32 Mother 52 Retiree Yes Both season
A33 Son 16 Student No Both season
A4l Father 61 Retiree Yes Winter only
A42 Mother 47 Housekeeper No Winter only

*B11 Father 39 Private employer ~ Yes Both season
B12 Mother 37 Public employer No Both season
B13 Son 10 Student No Both season
B21 Father 37 Plumber Yes Both season
B22 Mother 32 Barber No Both season
B31 Father 39 Postman Yes Both season
B32 Mother 37 Teacher No Both season

*the participant did not smoke inside his home during the sampling period

Sample Analysis

A balance with 1ug sensitivity (Sartorius
Inc., Germany, Model M3p) was used to mea-
sure the weight of RP. The nicotine vapor
collected on filters was analyzed by the pro-
cedures developed by Hammond and Leader-
er.[10] (Hammond and Leaderer, 1987). Brief-
ly, the nicotine was desorbed from the filters
with water and ethanol. Sodium hydroxide
was used to adjust the pH of the solution.
Ammoniated heptane was used to extract nic-
otine. A small amount of heptane solution
(3ul) was injected into gas chromatography
with a nitrogen selective detector (HP 5890).

Housing Characteristics and Activity Pattern

All participants were asked to fill time-
activity data sheets during the sampling peri-
od. The data sheets contained information re-
garding the participant's activity for 24 hours
and the chances of encountering ETS. The
housing characteristics of seven homes, includ-
ing size, building materials, and ventilation type,
were surveyed and measured by the interview-
ers. The tobacco butts in participant's living
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rooms were collected and counted daily.
Quality Control

Results of duplicate samples showed very
good agreement between the duplicate pairs
for RP and nicotine concentrations. The rela-
tive mean deviation was 23 + 22% for 23 RP
duplicate pairs in two seasons, and 23 + 12%
for 10 nicotine duplicate pairs in the summer.
Since flow rates of all samples were found to
be very stable before and after sampling, the
variation in mass and nicotine concentrations
is believed to be caused by weighing and anal-
ysis. The humidity variations of our weigh-
ing rooms may be one possible source of vari-
ation in mass concentrations for duplicate sam-
ples. For nicotine measurements, the varia-
tion may be caused by relatively unstable NPD
in quantifying nicotine. Field blanks contained
insignificant amount of nicotine. The recov-
ery efficiency of nicotine by ammoniated hep-
tane extraction was about 85%.

RESULTS
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Winter indoor and outdoor RP concen- Personal exposure to RP had similar sea-
trations were found to be significantly higher sonal and area variations as the fixed-site RP
than summer concentrations. The seasonal con- measurements. The non-smokers were exposed
centration difference was about 2.5 times for to a higher RP (mean = 103.5ug/m?3) in the
indoor measurements (107.2pg/m? vs. 43.9ug/ winter than in the summer (mean = 49.6ug/
m?) and about 3 times for outdoor measure- m?). In contrast, there was no significant sea-
ments (91.51g/m? vs. 26.4ug/m?). In both sea- sonal difference in personal exposure to nico-
sons, the indoor and outdoor RP concentra- tine. In the summer sampling, the participants
tions were about the same between zone A in zone A (mean = 66.5ug/m?) were exposed
and zone B. The day-averaged butt counts in to higher RP than those in zone B (mean =
the living room in the summer were about 2 31.9ug/m?. However, such an area differ-
times higher than in the winter (11.1 vs. 6.1). ence in RP exposure was not found in the winter
However, the nicotine concentrations in the sampling. By comparing personal exposure
living room were about the same between two to RP with the fxed-site RP measurements house
sampling seasons (Table 2). On the average, by house, we found that the personal expo-
a smoker of one-third to one-half of pack of sure levels were more close to the RP con-
cigarettes daily contributed to about 16pg/m? centrations indoors than outdoors (Table 2 &
to 24-hour indoor particulate concentrations 3).
in these seven smoker's homes. By comparing the average of the person-

Table 2. Indoor and outdoor concentrations of respirable particulate in two seasons (ug m-3)

Summer Winter
No.of Indoor No.of Outdoor Butt No.of Indoor No.of Outdoor Butt
# sample mean(sd) sample mean(sd) count* sample mean(sd) sample mean(sd) count*
Al 5 557(52.9) 5 16.7(9.1) 17.8 7 95.9(40.1) 7 86.4(41.2) 9.6

A2 4 32.0(11.0) 10.2

A3 5 70.037.3) 5 322(11.1) 252 7 116.6(43.8) 7 87.6(40.8) 9.9
A4 7 1387.1(61.3) 8
Bl 5 38.3(16.6) 0 7 96.9(29.3) 7 9334400 O
B2 5 18.3(10.7) 5 19.5(10.8) 7.2 7  100.3(41.6) 1.6
B3 5 464(21.7) 5  38.3(18.9 6 7 103.4400) 7 98.7414) 1719

Mean 29 43.9(32.0) 20 26.7(15.0) 11.1 42 107.2(439) 28 91.5(39.6) 6.1

*Daily average butt counts over the sampling period

Table 3. Respirable particulate and nicotine concentrations (ug m-3) for 9 non-smokers in two seasons

Summer Winter

No. of RP No.of  Nicotine No. of RP No.of  Nicotine
# sample mean(sd) sample mean(sd) sample mean(sd) sample  mean(sd)
Al2 5 93.2(86.6) 5 0.2(0.1) 5 113.1(99.8) 4 0.3(0.3)
A22 5 67.5(25.0) 5 0.8(0.6)
A32 5 62.6(28.1) 5 0.7(0.5) 7 111.7(41.5) 7 0.9(0.9)
A33 5 42.5(9.5) 4 0.4(0.3) 7 113.8(49.1) 7 0.3(0.5)
A42 6 81.4(49.0) 5 0.3(0.3)
B12 4 38.1(12.8) 5 0.2(0.3) 7 103.4(33.7) 7 0.1(0.1)
B13 5 30.8(16.9) 4 0.1(0.1) 7 110.6(51.8) 7 0.1(0.1)
B22 5 26.5(21.6) 5 0.4(0.2) 5 106.9(50.1) 6 0.40:2)
B32 5 33.3(25.0) 5 0.8(0.7) 7 87.6(43.5) 7 1O

Mean 39 49.6(25.5) 38 0.5(0.7) 51 103.5(44.5) 50 0.4(0.5)
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al exposure to RP to the average of the fixed-
site RP measurements day by day, we found
a significant daily variation over the sampling
period in both seasons. We also found that
outdoor RP concentrations in the summer were
all lower than 40pg/m3. However, there was
only one measurement with the concentration
lower than 40pg/m® in the winter sampling
season (Figure 1).

The activity patterns indicated that nine
non-smokers spent an average of about 87%
of their time indoors. Their time fraction of
staying in the livingrooms, the place where
ETS was generated in homes, was about 17-
18% (Table 4). These results of activity sur-
vey also indicated that nonsmokers were most
likely exposed to ETS at homes between 7 to

Table 4. Summery of 9 non-smokers' activity
pattern during the sampling peri-

ods(%)
Loaction Summer Winter
Living room 18% 17%
Kitchen 8% 9%
Bedroom 37% 37%
Workplace 15% 17%
Roadside 5% 8%
other 14% 12%
% of indoor time 86% 88%

Mass concentrations of respirable

11 p.m. in a day.

The meteorological data for two sampling
periods were obtained from a near-by obser-
vational station operated by the Taiwan Na-
tional Meteorological Bureau. The tempera-
ture in the summer was about 10-20°C higher
than in the winter. In the winter season, how-
ever, the atmospheric pressure was higher and
the wind was stronger . There were four rainy
days in summer sampling period but only one
rainy day in the winter sampling period.

The particulate concentrations indoors and
outdoors were apparently influenced by the
particle size. Indoor RP concentrations were
higher than outdoor, but outdoor PM10 con-
centrations were higher than indoors from the
concurrent measurements in two homes in the
winter season (Table 5). The results of mea-
surements from the cascade impactor also in-
dicated that indoor particulates had smaller
particle sizes than the outdoor particulates. The
mass median diameters (MMD) were about
3.3um for indoor particulates and 4.7um for
outdoor particulates. More specifically, the
indoor particulates relatively contained more
small size particles than the outdoor particu-
lates. For example, the mass fraction of par-
ticles with sizes between 0.4 to 0.7um were
12.7% for indoor particulates and 8.8% for
outdoor particulates (Table 6).
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Fig. 1. Daily fiuctuaations of the averaging personal, outdoor, and indoor RP concentrations.
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Table 5. Concurrently measured concentrations of PM10 and respirable particulate (ug m-3) in the
winter
HomeAl HomeB2
Indoor Outdoor Indoor Outdoor

Date RP Pm10 RP Pm10 RP Pm10 RP Pm10
12/22 73.1 774 83.6 86.2 875 152 87.5 *
12/23 62.2 91.7 94.8 113.7 41.7 79.7 575 111.6
12/24 147 160.9 159.8 166.6 139.5 163.5 140 203.4
12/25 109.4 1373 74.5 139.8 138.5 154.7 * 186.7
12/26 130.1 167.1 142.2 183 142.6 189.9 141 195.5
12/27 130.8 1435 99 196.4 96.7 128.5 106 145.4
12/28 40.4 83.8 37 * 55.6 64.3 322 35.6
Mean 99 123 86.6 147.6 100.3 133.2 93.3 146.2

*The sample is lost

Table 6. Size distribution of indoor and outdoor aerosol measured in central Taiwan in the winter

Particle Indoor Outdoor

diameter Cumulative Cumulative
(um) Fraction(%) fraction(%) Fraction(%) fraction(%)
>9.0 21.7 100 21.5 100
5.8-9.0 11.8 78.4 17.1 78.6
4.7-5.8 9.7 66.5 11.5 61.4
3.3-4.7 8.5 56.9 14 50
2.1-3.3 104 48.4 9.9 48.6
1.1-2.1 13.1 38 13.5 38.7
0.7-1.1 12.1 24.8 16.4 25.2
0.4-0.7 12.7 12.7 8.8 8.8

Mass median
diameter 3.3um 4.7Tum
DISCUSSIONS The road dust must have been dampened by

Re-suspended road dust appeared to be
an important source of outdoor RP in this stud-
ied area for the following reasons. Firstly,
there were no significant industrial sources in
this area. Secondly, the surface of both paved
and unpaved roads was commonly covered by
dust from farm fields or construction sites.
During the daytime, road dust was re-suspended
by heavy traffic on the road. The outdoor
measurements were taken very close to the
traffic routes in most case. Thirdly, the RP
concentrations were particularly low in the rainy
days. The outdoor RP concentrations were
all lower than 40pg/m3 in these rainy days.
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the afternoon thunder storms in the summer
sampling period and the only raining day in
the winter. Unfortunately, the road dust and
other emission sources, which affected the in-
door RP concentrations directly, were not de-
termined in this study due to the lack of in-
formation regarding the elements in the par-
ticulates.

A concurrent variation of RP concentra-
tions between outdoor and indoor measurements
was found upon looking at daily averaging RP
concentrations in both seasons. (Figure 1) Such
a concurrent concentration variation seemed
not to be influenced by particle sizes“Since
there was a moderate correlation between in-
door and outdoor size-specific particle mass-

FEEWFE 1996, Vol.15, No.5



es measured by the 8-stage Anderson Impac-
tors (r=0.55)(Table 6). These evidences indi-
cated that the indoor RP concentrations were
strongly influenced by the outdoor sources.
However, the indoor RP concentrations and
personal exposure to RP can also be partly
attributable to ETS indoors for the following
reasons. Firstly, the differences between con-
currently measured indoor and RP concentra-
tions were positively correlated with the ra-
tios of the cigarette butts in the livingrooms
divided by the volumes of livingrooms (r =
0.55). Secondly, the butt counts were corre-
lated with indoor nicotine measurements (r =
0.49). Thirdly, there was a good correlation
between RP and nicotine measurements in the
study. In the summer, personal exposures to
RP and nicotine were correlated with indoor
RP and nicotine measurements, respectively
(r = 0.55 and 0.59). In the winter, personal
exposure to RP and the indoor RP measure-
ments had an even higher correlation coeffi-
cient (r = 0.71). Fourthly, the indoor particu-
lates with smaller particle sizes found in our
study may come from combustion sources such
as ETS. It has been reported that the diame-
ter of ETS particulates ranged from 0.38 to
0.52um.[11] As indicated in our study, the
particulates with particle size between 0.4 to
0.7um contributed relatively more weight to
the indoor particulates than to the outdoor par-
ticulates. Lastly, there were no other major
combustion sources, such as coal or wood burn-
ing in these homes.

The appropriate use of nicotine as an in-
dicator of ETS has recently been questioned
due to the supposedly quick decay of nicotine
in the indoor environment.[12] However, the
result indicated that nicotine was reasonably
an acceptable indicator of ETS indoors con-
sidering the correlation between the indoor RP
and nicotine concentrations. This might be
due to smaller room space in the housing set-
tings in Taiwan than that in western countries.

In this study, RP is defined as particles
with size less than 5.0um, which is different
from the definition used by other researchers
in the U.S. [13,14] However, the averaging
indoor/outdoor RP concentrations and personal
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exposures measured in this study seemed to
be slightly higher than the levels found in the
U.S. cities. The amount of RP indoors con-
tributed by ETS in these homes was about 2
to 3 times greater than that reported by Spen-
gler et al.[15] The high outdoor RP levels,
the small living space with heavy smokers,
and the proximity to main traffic routes of the
housing in Taiwan were three possible rea-
sons for such differences.

Besides several research limitations dis-
cussed in the above, a relatively small num-
ber of observation is another major constraint
of this study. Itis likely that the data collect-
ed in this period may not represent the whole
periods in both sampling seasons very well.
However, the PM10 concentrations in this ar-
eas in the summer are significantly lower than
other seasons according to recent air monitor-
ing data reported by Taiwan Environmental
Protection Agency. [16] The seasonal differ-
ence in outdoor RP concentrations may sim-
ply reflect variation in atmospheric dilution
among seasons. Furthermore, the site may be
representative of general urban communities
in Taiwan. Therefore, we should be cautious
about making generalization of this result to
other urban areas.

CONCLUSION

The road dust can have a major impact
on the indoor RP concentrations and personal
RP exposures for seven families resided in an
area without major industrial sources in cen-
tral Taiwan. The ETS was found to have a
minor effect on indoor RP concentrations in
these seven smoker's homes. Pollution pre-
vention programs to cut down the dust on the
roads as well as campaigns to reduce smok-
ing at homes are highly recommended in or-
der to protect the ambient and indoor air quality.
Moreover, a comprehensive study on the in-
door air quality associated with ETS and road
dust are still needed in order to fully estimate
personal exposure to RP from these twg.sources
in Taiwan.
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