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Some candles emit hazardous materials for 1 

human health and are indoor air pollutants 2 

ABSTRACTABSTRACTABSTRACTABSTRACT    3 

Aims: The purpose of this study is to evaluate the effect of burning candles from paraffin sources to 4 

determine whether indoor environment under that condition is safe and healthy for human.                                                                         5 

Study Design: Burning chamber (8” x 8” x 26”) attached to a vacuum pump on the top, was 6 

constructed locally, and Coconut Charcoal CSC Cat. No. 226-01GWS was purchased from SKC, Inc.  7 

The adsorbed emission products on the charcoal were extracted by a given volume of carbon-8 

disulfide, and after filtration injected into a GC/MS equipped with NIST library of compound allowing 9 

us to identify all the components.        10 

        Place and Duration of Study: All the study was carried out at South 11 

Carolina State University from January 2008 till June 2010.      12 

       Methodology: A candle burning chamber was constructed, while candles 13 

were burning under normal condition, the emission products were adsorbed on coconut charcoal and 14 

extracted with carbon disulfide. The extracted samples were injected into a GC/MS system under the 15 

temperature and flow rate conditions to produce chromatograms and also to identify those substances 16 

present in the samples. The ill-health effects of all emission products are available in literature.                                            17 

Results: Several kinds of paraffin candles were examined, the samples produced various hazardous 18 

products including benzene, toluene, and alkenes.       19 

Conclusion: Paraffin candles are hazardous for human health to be burned in enclosed and limited 20 

areas. 21 

 22 

KEYWORDSKEYWORDSKEYWORDSKEYWORDS    23 
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 25 

1.  1.  1.  1.  INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION    26 

Currently, there are many different types of candles manufactured in the United States. These 27 

include tapers, straight-sided dinner candles, spirals, column, votives, tealights, wax-filled containers, 28 

and novelties. Most candles on the market today are petroleum-based and are composed of 29 

derivatives or by-products of fossil fuels. The main ingredient used in their manufacture is paraffin 30 

wax; it tends to give the candle more stability and firmness. In addition, some candle manufacturers 31 

utilize vegetable wax, animal wax, or insect wax (EPA Report, 2001)[1]. However, it is the widespread 32 

use of paraffin candles which produce unwanted emissions and causes indoor pollution and health 33 

concerns.  34 

The potential indoor air impacts of burning candles have drawn increased attention in recent 35 

years. Soot associated with burning candles can cause property damage including blackening walls, 36 

ceilings, and carpets also the smoke can be a major source of particulates in indoor air (IAQ, 2001; 37 

EPA Report, 2001[1]; Wallace, 2000[2]). Emissions from incense may also contain contaminants that 38 

can cause a variety of health effects, In fact, according to the supporting research some candles are 39 

known to be quite harmful for our health.  40 

When candles are burned, they emit trace amounts of organic chemicals including 41 

acetaldehyde, formaldehyde, acrolein, and naphthalene (Lau et al., 1997[3]; Cheng et. al. [4] Chang, 42 

H.L.; Kuo, M.L.; Lin, J.M., 1997[5]; The American Society for Testing and Materials, 2002[6], EPA 43 
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Report, 2001[1]). Other by-products released during burning may include carbon monoxide, xylene, 44 

acetone, toluene, Polychlorodibenzo-p-dioxins/Polychlorodibenzofurans [PCDDs/PCDFs] and 45 

Polyaromatic Hydrocarbons [PAHs], Friborg, et. al. [7]; (Wallace, 2000[2]; EPA Report, 2001[1]; 46 

Nance, P., Strawson; J., & Zhao J., 2005[8]; ALAW, 2009[9], ASTM Annual Book, 2004[10], ASTM, 47 

2000[11] . Studies concerning the emissions of specific contaminants from incense smoke specify that 48 

benzene, toluene (known carcinogens, as stated by the American Lung Association [9]); and 49 

particulate matter may be emitted at concentrations that could pose human health risks (IAQ, 50 

2001[1]). Furthermore, a few studies indicate possible genotoxic and mutagenic effects from exposure 51 

to the same. ASTM 2000[11] Chang et al. (1997)[5] compared mutagenic potencies of incense, 52 

formaldehyde, and acetaldehyde to Salmonella typhimurium T102 and concluded that incense smoke 53 

contains highly active compounds with a higher mutagenic potency than formaldehyde. Sato et al. 54 

(1980)[12] and Rasmussen (1987)[13] also found that incense smoke is mutagenic to S. typhimurium 55 

TA98, TA 100, and TA104. Incense Smoke Condensates (ISCs), the particles released during 56 

incense burning, were found to be mutagenic and/or genotoxic. Chen et al. (1990)[14] also found that 57 

the genotoxicity of certain ISCs in mammalian cells was higher than particles produced from tobacco 58 

smoke condensates (TSCs). 59 

Additionally, a phenomenon known as Black Soot Deposition (BSD) resulted from the burning 60 

of candles. Referred to as ghosting, carbon tracking, carbon tracing, and dirty house syndrome, black 61 

soot is the product of the incomplete combustion of carbon-containing fuels. Recent research and 62 

complaints from the public suggested that the main cause of BSD is none other than frequent candle 63 

burning (Krause, 1999)[15]. The amount and type of soot varied from candle to candle, and even 64 

though it is composed primarily of elemental carbon, candle soot may include phthalates, lead, and 65 

volatiles such as benzene and toluene (Krause, 1999, qtd. EPA Report, 2001). These soot particles 66 

when inhaled can potentially penetrate the deepest areas of the lungs, the lower respiratory tract, and 67 

the alveoli (Krause, 1999, qtd. EPA Report, 2001). Moreover, carpets, furniture, walls, curtains, and 68 

other materials in the home are often stained from soot deposition (Vigil, 1998[16]; LaPrade, 69 

1999[17]). The soot particles may also be attracted to electrically charged surfaces such as freezers, 70 

plastic blinds, television sets, and computers, causing blackening as well (Krause, 1999). BSD has 71 

actually become so prevalent within the last few years that people have begun filing insurance claims 72 

in order to restore their homes (Insure, 2009)[18]. 73 

Burning paraffin wax is consequently responsible for a variety of ills which plague society, 74 

both health and non-health related. While the American Lung Association continues to warn 75 

consumers of unhealthy indoor air quality from burning these types of candles, the EPA also affirms 76 

that indoor air quality is three times more polluted than outdoor air quality.  77 

Many more studies (Preston-Martin et al., 1982[19]; Roveri et al., 1998[20]; Bridges, 2002[21]; 78 

Sasco et al., 2002[22]; LaRosa et al., 2002[23]; Yang et al., 1997[24]) have indicated links between 79 

exposure to candle/incense smoke and health effects including cancer, asthma, and contact 80 

dermatitis, Friborg et al., [29]; EPA 2000 [30]. Clearly, as the following studies and evidences show 81 

frequent candle or incense burning is a key factor contributing to the development of these illnesses, 82 

especially in the cases of young children. These burnings have been reported in many studies as a 83 

major risk factor for developing lung cancer (Sasco et al., 2002; LaRosa et al., 2002), asthma 84 

(Bridges, 2002), and dermatitis (Bonnekoh & Merck, 1991[25]; Bridges, 2002[21]; Api et al., 2007[26]). 85 

Further studies denote that incense burning has also been a contributing factor in the occurrence of 86 

asthma for Quatar children (Dawod and Hussain, 1995[27]), and coughing was found to be 87 

associated with incense exposure in a study of Taiwanese children (Yang et al., 1997[24]). As in the 88 

case of candles, burning incense also produces volatile fragrances that can reach exposed skin 89 

causing dermatitis (Roveri et al., 1998)[20]. Similarly, an elevated risk for leukemia was found in 90 

children whose parents burned incense during pregnancy or while nursing (Lowengart et al., 91 

1987[28]), while a study of childhood brain tumors showed elevated risks for children whose parents 92 

burned incense in the home (Preston-Martin et al., 1982[17]).  93 

2. 2. 2. 2. METHODOLOGYMETHODOLOGYMETHODOLOGYMETHODOLOGY    94 

All samples used for this study were unscented paraffin candles obtained from various candle 95 

companies. Carbon disulfide was purchased from the Fisher Scientific with a quoted purity of 100% 96 

and was used without further purifications. The burning chamber (8” x 8” x 26”) attached to a pump on 97 
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the top, was constructed locally, and Coconut Charcoal CSC Cat. No. 226-01GWS was purchased 98 

from SKC, Inc.   99 

The GC software allowed us to set up four-ramp programs with relatively fast ramping at 5o-100 

10°C per minute enabling us to find the optimum tem perature programming condition for separation. 101 

The instrument for testing the emission products were two GC-MS:  PERKINELMER Autosystem XL 102 

Gas Chromatography, equipped with a 15m polyethylene narrow bore column (0.25mm) with a 103 

temperature range of -60°C to 400°C, and Turbomass Gold Mass-spectrometer. The second one was 104 

a Shimadzu GC-2010 gas chromatograph and QP-2010s quadruple mass spectrometer, advanced 105 

data station, and GC-MS solution software. The QP-2010 system has a mass range of 1.5 - 900 AMU. 106 

A candle burning chamber was constructed so that we were able to pump gaseous emission 107 

products through an ampoule containing coconut charcoal capable of adsorbing all organic 108 

substances produced from burning the candle. The ampoules were attached to the chamber – 109 

allowing the emission products to be pumped with a controlled rate permitting the candle to burn as in 110 

the normal conditions for five to six hours. The experiments were carried out by burning the candles 111 

where the mixture of gases passed through the ampoule at 0.20 L/min. The contents of the ampoule 112 

were transferred into small volume of spectroscopic grade carbon disulfide to extract adsorbed 113 

materials.  The resulting solution was separated from coconut-charcoal by decanting and poured into 114 

a 5-mL volumetric flask and raised to the volume. 115 

 The extracted samples were injected to GC-MS system to be separated enabling us to 116 

identify possible components. Before injecting these samples, the pure solvent was injected and 117 

tested to determine that the solvent was pure and indentified materials were not from possible 118 

impurities of the solvent. Chromatograms shown in figures 1 through 11 provide information 119 

concerning the identity of various substance represented by each peak. These peaks were analyzed 120 

by the help of NIST library to identify corresponding emitted substances which is using the 121 

fractionation patterns from these samples and comparing with patterns of those in the library for 122 

known compounds.  123 

    3.3.3.3.    RESULTS AND DISCUSSIONRESULTS AND DISCUSSIONRESULTS AND DISCUSSIONRESULTS AND DISCUSSION    124 

The emissions from petroleum based candles that were tested by GC/MS system described 125 

above indicated that they contain a variety of polluting materials which are harmful for human health. 126 

Extended exposure of human kinds with these unwanted chemical are responsible for a variety of 127 

illnesses that could have been avoided by not using them more frequently. The chromatograms for 128 

candles clearly indicate that emission products contained large number of pollutants. The analysis of 129 

the main peaks for identification purposes are presented below. Some of identified the pollutants 130 

representing large peaks included: benzene, 1-heptane, 2,4-hexadiyne, toluene,  1-octene, 1-nonene, 131 

1-decene, undecene, dodecene, 1-hepanol, 6-methyl, some of which like benzene and toluene are 132 

serious hazard for human health. 133 

 134 
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 135 

Fig. 1 Chromatogram for a paraffin based candle (112006-1).This figure shows chromatogram of 136 

emissions chemicals from candle 112006-1 indicating that there are considerable numbers of 137 

pollutants in the emission of this candle. Major pollutants include 1-Heptene (2.64 min); Toluene (3.58 138 

min); 1-Octene (3.90 min); 1-Nonene (5.53 min); 1-Decene (7.23 min); 1-Undecene (8.87 min); 3-139 

Dodecene (10.41 min); 1-Heptanol, 6-methyl- (11.87 min). 140 

 141 
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142 

Fig. 2 Chromatogram for un-scented paraffin candle (112006-2).This figure shows the chromatogram 143 

of emission materials for candle 112006-2 indicates that the emission products contain various 144 

pollutants including 1-heptene (2.65 min); trichloroethylene (2.76 min), toluene (3.59 min); 1-octene 145 

(3.91 min), 1-nonene (5.54 min); 1-Octene, 3,7-dimethyl- (7.25 min); tridecane (12.01 min).   146 

   147 

148 

Fig. 3 Chromatogram of pure carbon disulfide, indicating that the solvent was pure (the peak at 28.16 149 

is due to sulfur) and various pollutants are not introduced from any experimental procedures.   150 
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 151 

 152 

 153 

Fig. 4 Chromatogram of a petroleum based-candle, one-tealight, (a paraffin based candle) indicating that it produces some pollutants including Octamethyl-154 

cyclotetrasiloxane (2.32 min); Dimethylthiane (3.63 min), S,S-dioxide; Cyclopentasiloxane, decamethyl- (4.66 min)  and Silane, trichlorodocosyl-155 

Cyclohexasiloxane, dodecamethyl- (7.28 min). 156 

 157 

 158 

 159 

 160 

Fig. 5 Chromatogram of emission products of a paraffin candle 1-votive, contains various pollutants including Octamethyl-Cyclotetrasiloxane (2.34 min); 2-161 

Trifluoroacetoxytridecane; 1,5-dimethyl-2-ethenyl-cyclohexane-1-carboxylate and Trichlorodocosyl- silane (9.09 min). 162 

 163 

 164 
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 165 

 166 

Fig. 6 Chromatogram of the emission products of a paraffin candle (2-votive),It contains variety of hazardous materials including Decamethyl-167 

Cyclopentasiloxane (4.62 min);  Propanoic acid, 2-methyl-, 2,2-dimethyl-1-(2-hydroxy-1-methylethyl)propyl ester (6.88 min). 168 

  169 

 170 

Fig. 7 Chromatogram of the emissions of a paraffin candle (3-votive). The polluting materials for this candle include Octamethyl-cyclotetrasiloxane, 171 

Trichlorodocosyl-silane (2.33 min); Cyclopentasiloxane, decamethyl- (4.65 min); 3-Hexanone, 2,5-dimethyl-4-nitro- (6.72 min); Decamethyl 172 

cyclopentasiloxane; 2,5-dimethyl-4-nitro-3-Hexanone; Propanoic acid, 2-methyl-, 2,2-dimethyl-1-(2-hydroxy-1-methylethyl)propyl ester, Propanoic acid, 2-173 

methyl-, 3-hydroxy-2,4,4-trimethylpentyl ester (6.91 min); and Propanoic acid, 2-methyl-, 3-hydroxy-2,4,4-trimethylpentyl ester (7.21 min). 174 

 175 
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Fig. 8 Chromatogram of the emissions products of a paraffin candle (4-votive). The polluting materials include: Cyclotetrasiloxane, octamethyl- (2.33 min); 177 

Cyclopentasiloxane, decamethyl- (4.65 min); Propanoic acid, 2-methyl-, 2,2-dimethyl-1-(2-hydroxy-1-methylethyl)propyl ester (6.91 min); Propanoic acid, 2-178 

methyl-, 3-hydroxy-2,4,4-trimethylpentyl ester (7.21 min). 179 

 180 

 181 

 182 

Fig.9 Chromatogram of emission products of paraffin candle (1-taper). The polluting substances for this candle include Silane, trichlorodocosyl- (3.5 min); 183 

Propanoic acid, 2-methyl-, 2,2-dimethyl-1-(2-hydroxy-1-methylethyl)propyl ester (6.42 min); 2,2,4-Trimethyl-1,3-pentanediol diisobutyrate (6.91 min). 184 

                 185 

 186 

 187 

Fig. 10 Chromatogram of the emission products of a paraffin candle (1-pillar). As it is apparent from the figure and corresponding mass spectra, this candle 188 

produces good number of pollutants while burning. Some of the pollutants are 1-Methyldecahydronaphthalene (3.57 min); Naphthalene, decahydro-2-methyl- 189 

(3.78 min); Propanoic acid, 2-methyl-, 2,2-dimethyl-1-(2-hydroxy-1-methylethyl)propyl ester (6.92 min);  4-Trifluoroacetoxytetradecane (7.60 min); 190 

Perhydrophenanthrene, Perhydrophenanthrene, (4a.alpha., 4b.beta., 8a.beta., 10a.alpha.)-Perhydrophenanthrene, (4a.alpha., 4b.beta., 8a.beta., 10a.alpha.)- 191 

(8.37 min).    192 
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Fig. 11 Chromatogram of the emission products of a paraffin candle (hydro32010). 202 

 203 

 204 

 205 

Table 1 206 

 207 

R 
time 

Area %Area Height %Height Area/Height Name %Similarity 

3.339 985547 1.39 790221 1.61 1.25 Benzene 93 
 

5.628 384700 0.54 230956 0.47 1.67 Toluene 95 
 

6.208 4974186 7.00 2663056 5.44 1.87 Octene 98 
 

10.231 320118
  

0.45 288188 0.59 1.11 1-Undecene 97 
 

11.168 2412671 3.39 2128492 4.35 1.13 1-Dodecene 97 

13.210 4744918 6.67 3811747 7.78 1.24 1Dodecanol 98 

13.843 1457941 2.05 1243588 2.54 1.17 n-Tridecanol-1-ol 96 
 

14.448 2550341 3.59 2304412 4.70 1.11 1-Hexadecanol 96 

14.972 1501376 2.11 1335482 2.73 1.12 Dodecanamide 98 

15.020 1175083 1.65 1123342 2.29 1.05 1-Hexadecanol 96 
17.286 1476326 2.08 1346414 2.75 1.10 3-

Dimethylaminopropyl 

methacrylamide 

92 

 208 

Table 1 is the results of major peak analysis for candle hydro32010: 209 
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4. 4. 4. 4. CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION    210 

Among the varieties pollutants detected in the emissions of candles are benzene and toluene. 211 

Exposure to benzene has been linked to the development of blood cancers and blood disorders. Most 212 

serious is benzene's ability to cause leukemia, a fatal cancer of the white cells that produces tissue. 213 

Benzene primarily attacks the blood-forming tissues and damages the bone marrow where red blood 214 

cells, white blood cells, and platelets are formed. 215 

The principle effect of toluene exposure is central nervous system depression. Toluene may 216 

affect the liver, kidneys, and nervous system; the nervous system appears to be most sensitive to its 217 

effects and its causes of irritation to the skin, eyes and respiratory tract. 218 

Most data concerning toluene's effects on human health comes from studies of workers with 219 

chronic exposure to toluene and from intentional solvent abusers who inhale high levels of toluene for 220 

self-intoxication. The applicability of this data to relatively low-level exposure in the environmental 221 

setting, however, is unknown.  222 

Octamethyl-cyclotetrasiloxane is considered harmful to the environment. Acute effects of 1-223 

octene cause skin, eye, respiratory irritation, drowsiness, and chemical pneumonia.  Symptoms 224 

include a burning sensation, coughing, wheezing, shortness of breath, headache, nausea, and 225 

vomiting. Ingestion results in low oral toxicity as long as aspiration, (breathing liquid into the lungs) is 226 

avoided. Symptoms of aspiration include severe irritation, pneumonitis, and pulmonary edema. Also, 227 

CNS depression, dizziness, confusion, and loss of consciousness may occur; skin contact may cause 228 

drying or deflating of the skin. 229 

 Inhalation of high concentrations of decahydronaphthalene may cause central nervous 230 

system, effects characterized by nausea, headache, dizziness, unconsciousness and coma. 231 

Respiratory tract irritation and kidney damage are additional problems. 232 

It is the present authors' interest and aims to inform the public that burning candles, 233 

specifically paraffin based candles, are hazardous to human health.  Candles are burned all over the 234 

world, and this is done mainly indoors that people inhale the emission product even long after the 235 

burning has finished. This certainly would cause maximum damage to individuals within that 236 

household because of individual's breathing the same polluted indoor air for a longer period of time.  237 

Burning candles also damages walls, furnishings, and other properties that economically 238 

would not be favorable.  Healthy people are productive and more industrious than unhealthy ones, 239 

hence, staying healthy would be more advantageous economically. 240 

From the result of this investigation, one could easily conclude that burning candles just for 241 

fun might be interesting however its use should be reduced to special occasions to minimize 242 

complications. 243 
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