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The health effects related to exposure to incense smoke have been attracting more
attention recently. The United States Environmental Protection Agency (EPA)
(2001) is currently reviewing its potential health risk and trying to establish
possible risk management options. The combustion of incense in daily religious
worship is believed to be an important factor in the development of
nasopharyngeal or lung cancer in Taiwan (Chen et al, 1990; Chen et al., 1987; Yu
et al., 1990). The current estimated population at risk is approximately four fifths
(80%) of Taiwanese and continues to increase owing to religious conversion (Lin,
1997). Investigations of health effects resulting from exposure to incense smoke
have been focusing on organic compounds and particulate matter (Kao and Lung,
2000; Lin and Lee, 1998; Lee and Lin, 1996; Lin and Wang, 1994; Lin and Tang,
1994; Schoenotol and Gibbard, 1967). However, some field studies imply that
levels of organic compounds or particulate matter owing to incense burning may
not significantly influence human health as expected (Chao et al., 1997; Lung et
al., 2001).

As a result of deposition of lead particles emitted from the burning of candles,
and hand-to-mouth activities, the lead level in childrens’ blood could elevate
significantly (ATSDR, 1999; US EPA, 1998; IPCS, 1995). This phenomenon is a
particularly significant cause for concern as Taiwanese ingest offerings after
worship rituals, if a certain amount of toxic metals is released with regard to the
Chinese joss stick buming. A family regularly engaged in this activity burns
incense for approximately three hours daily. The composition of incense is
complex and usually cheaply manufactured in family-type factories, which are
often off record. An incense stick may be made of about 15 different varieties of
dried and ground vegetation and a bamboo stick (Lee and Lin, 1996). The major
contents of a Chinese joss stick are Santalum album L. (weight percentage: 32%),
Machilus nanmu Hemsl. (weight percentage: 10%) and a bamboo stick (weight
percentage: 33%)(Lee and Lin, 1996). This study aims to evaluate the
concentration of trace metals in incense smoke and their potential health risk
relating to religious worship in Taiwan.
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MATERIALS AND METHODS

Three types of incense sticks with different colors (black, red, yellow ) were
chosen for this study because they are the most popular in Taiwan. The lengths
of these black, red, yellow incense sticks are 36.3 + 0.2, 37.4 £ 0.2, and 36.7 £
0.08 cm, respectively. The weights of these black, red, yellow incense sticks are
224 + 0.14, 232 £ 0.11 and 1.88 = 0.12 g, respectively. They were all
manufactured, and routinely bumed in daily worship, in Taiwan. The
experimental system consisted of a combustion chamber made of
polypropylene (60 x 60 x 60 cm), fresh air supply unit and moisture production
unit as well as sample collection units. Before being introduced into the
combustion chamber, the air was pumped through prepurifying tubes
containing charcoal or molecular sieve in order to provide uncontaminated air
for experiments. The moisture production unit was utilized to maintain the
relative humidity of testing atmosphere. The airflow was controlled at 9000 %
500 mL/min by adjusting needle valves. The relative humidity was monitored
by a sensor (Cole-Parmer 37950-12), and was set to be 70 ~ 88 % which was
similar to the ambient condition in Taiwan. The temperature of combustion
chamber during candle burning was approximately 38 °C, which was about 5 to
10 °C above ambient temperature. The trace metals were collected by a 37-mm
cassette with cellulose ester membrane filter at a steady state for 120 minutes
with a sampling rate of 1000 mL/min. The filters were dissolved by
approximately 10 mL of heated concentrated nitric acid for 10 minutes and then
the solutions were diluted to 25 mL. Three blanks were processed according to
the same procedure as the samples except no Chinese joss sticks burning. This
provided compensation for any possible contamination. All samples were
analyzed three times by using a Perkin-Elmer Elan 5000 Inductively Coupled
Plasma — Mass Spectrometer (ICP-MS). The operation conditions were as
follows: 1) Carrier gas (argon, 99.999%): 0.8 L/min; 2) Plasma gas (argon,
99.999%): 15 L/min; 3) Auxiliary gas (argon, 99.999%): 0.8 L/min; 4) Pump
rate: 1.5 mL/min; 5) Power: 1055 KW. The limits of detection of Cr, Co, Ni, Zn,
Cd, T1, and Pb were 394, 0.12, 8.7, 267.3, 125.6, 1.4, and 19.5 pg/L,
respectively.

RESULTS AND DISCUSSION

The average emission rates of Cr, Co, Ni, Zn, Cd, Tl, and Pb resulting from
incense combustion in the test chamber are 0.48 + 0.46, 0.14 + 0.05, 15.73 +
6.83, 2.63 £ 237, 11.12 £ 10.48, 0.48 + 0.46, and 0.11 £ 0.08 pg/hour,
respectively (Table 1). The variation of trace metal emission rates, in addition
to the trace metal content in raw materials, could be as a result of that the
coating process of incense onto sticks is not standardized and not accurate. The
emission rates are significantly higher than those observed in candle
combustion tests, with the exception of Pb (Lin et al., 2003). This observation
suggests that exposure to heavy metals from Chinese joss sticks burning during
worship may be more significant than that from candle burning.
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The levels of these metals in rooms may be estimated by their emission rates

using the following equation:
_QU=ty)
_G-(G-QC)e 7

C, ) , )
Table 1. The emission rates of heavy metals during Chinese joss sticks
burning (pg/hr).
Cd Co Cr Mn Ni Pb Ti
Yellow 048 0.21 2664 466 1271 048 0.14
Yellow 0.18 0.06 662 095 289 0.18 0.05
Black 128 0.15 18.01 o645 806 128 024
Black 073 0.14 1359 191 3143 0.73 0.14
Red 0.10 0.14 17.87 096 653 010 0.03
Red 0.13 0.12 1164 0.82 509 013 0.05
Average 048 0.14 1573 2.63 11.12 048 0.11

Standard Deviation0.46 0.05 6.83 237 1048 0.46 0.08

where G is the emission rate, Q the ventilation rate, V the room volume, C, the
concentration at time ty, and C; the concentration at time t. The typical air
exchange rate (AER) for homes varies from 0.25 to 0.5 turnover/hour ( Li et al.,
1994; Trayer et al., 1987; Tu and Knutson, 1988 ). However, very little or no air
exchange in the room is a very common scenario during the winter period in
Taiwan. Considering that one may burn Chinese joss sticks in the morning and
evening every day, the fluctuation of concentrations of Cr, Co, Ni, Cu, Zn, Cd,
Tl, and Pb, at varying air exchange rates, can be simulated by using equation
(1). The estimated maximum concentrations of these metals in a 40 m® volume
room, at AER 0 and 0.25 respectively, are shown in Table 2.

The major effects of cadmium poisoning are observed in the lungs, kidneys,
and bones (Fergusson 1990). Inhalation of high levels of cadmium oxide fumes
will result in tracheobronchitis, pneumonitis, and pulmonary edema (Donkin et
al., 2000). Exposure to cadmium chloride is believed to elevate the frequency
of lung tumors (Donkin et al., 2000). Our estimation of Cd shows a level
similar to the typical observation in the environment.

Thallium is remarkably toxic to human beings (Mulkey et al., 1993; Manzo et

al., 1989; Zitko, 1975). The symptoms of chronic thallium poisoning are
gastroenteritis, diarrhea or constipation, vomiting, and abdominal pain (ATSDR,
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1992). Our results show that the level of Tl in air can be elevated 100-1000
times higher than those typical observations in the States (ATSDR, 1992);
However, its health risk seems insignificant.

Table 2. The estimated maximum concentrations (ng/m3) of trace metals in
a 40 m’ room at AER = 0.25 or 0.

AER =0.25 AER =0
Cd 14.2 36
Cr 465 1180
Co 4.1 10.5
Mn 71.6 197
Ni 329 934
Pb 14.2 36
Tl 33 8.3

The health effects owing to exposure of nickel compounds include dermatoses,
asthma, hypertrophic rhinitis, nasal sinusitis, etc. (Costa, 2000). Nickel
compounds are also classified as Group 1 carcinogens (IARC, 1990); the unit
risk is determined to be 4.8 x 10™ per (i g/m3) (IRIS, 1996). The minimum
risk level (MRL) for chronic-duration inhalation is suggested as 2 x 10 mg
Nickel/m® by ATSDR (1997). The results indicate that exposure to Ni from
incense smoke will significantly exceed the MRL during the winter period in
Taiwan and the potential cancer risk will be 4.0 x 10™,

Coughing, expectoration, nasal irritation, sneezing, rthinorrhea, and nose-bleed
are found in occupational exposure to chromium trioxide vapors (ATSDR,
1993). US EPA (1984) also derived a unit risk of 1.2 x 107 per ( i g/m*) for
respiratory cancers for Cr(VI). Based on our estimate, the risk owing to Cr
exposure could be as great as 1.4 x 10, assuming the species of chromium in
incense smoke is Cr(VI).

It must be noted that the incense combustion pattern described above regularly
happens in Taiwan, but is not the worst-case scenario. During the religious or
traditional holidays, for example Chinese New Year, one may burn up to a
hundred times as much as regularly. Results clearly indicate that daily worship
with incense burning would put people at great risk of toxic exposure to metals
such as Cr and Ni. This paper calls for a detailed exposure and health risk
assessment of toxic metals and their chemical species, relating to worship
behavior, in order to protect the public health.
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