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ABSTRACT

Terpenoids, especially monoterpenes and monoterpene alcohols, are commonly used as solvents or
odorants in household cleaning products. These unsaturated compounds of natural origin are very reactive
and can pose health risk on occupants due to the formation of secondary pollutants via indoor chemistry. In
this study, a solid phase microextraction (SPME) coupled with gas chromatography/mass spectrometry
(SPME-GC/MS) method was applied for the determination of terpenoids compositions in four kinds of
floor cleaners (FL). The analysis results demonstrated that chemical composition and concentration of
individual terpenoid species varied broadly with cleaning products.
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INTRODUCTION

Indoor volatile organic compounds (VOCs) have attracted more and more attentions recently. Many VOCs
concentrations are higher in indoor than those in outdoor due to the presence of particular indoor emission
sources (Weisel et al., 2008). Many researches demonstrated that daily consumptions of household
cleaning products would elevate concentrations of indoor air pollutants (Singer et al., 2006). Recently,
terpenes and terpene alcohols emitted from the household products have been attracted more attentions
because these VOCs are prone to oxidation and are probably associated with health risks for occupants and
workers, even though such products offer substantial benefits (e.g., promotion of hygiene and aesthetics) to
human life (Kwon et al., 2007; Nazaroff and Weschler, 2004). A few studies indicated that household
products such as floor cleaners and detergents are significant emission sources for indoor air pollutants.
Terpenoids can react rapidly with ozone, resulting in formation of reactive radicals, formaldehyde, and
secondary organic aerosols (SOA) in indoor environment (Coleman et al., 2008; Fan et al., 2003). The
formation of ultrafine particles (D,<100 nm) has been evidenced from ozonolysis of indoor emissions from
building materials (Aoki and Tanabe, 2007), terpene-rich household products (Coleman er al., 2008),
cleaning products and air fresheners (Destaillats e al., 2006), and wood-based materials (Toftum et al.,
2008). The products generated from oxidations of fragrance terpenes contributed greatly to fragrance
allergy and upper airway irritation (Matura ef al., 2005; WOLKOFF et al., 2000). In addition, such
secondary pollutants possibly contain multiple oxygen groups that can cause adverse health effects
(Forester and Wells, 2009; Jarvis et al., 2005). Therefore, to understand the roles of terpenoids associated
with the consumption of cleaning products in indoor chemistry, it is important to characterize and quantify
the terpenoid compositions in daily-consumed cleaning products indoors. The objective of this study is to
determine terpenoid compositions in cleaning products by a solid phase microextraction (SPME) coupled
with gas chromatography/mass spectrometry (SPME-GC/MS) method.
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EXPERIMENTAL

Four kinds of floor cleaners (FL) were examined in this study. The samples were selected based on the
extent of product consumption in Hong Kong and the scent of the products shown on the label of their
containers.

Three milliliter of each aqueous household samples was extracted respectively with 2 ml of cyclohexane.
Recovery test shows that a close to 100% of efficiency was found in the liquid-liquid extraction for
terpenoids. The supernatant (cyclohexane) layer was transferred into a clean capped vial. Ten microliters of
the extract was injected into a clean Tedlar bag (SKC Inc., Eighty Four, PA) with a micro-syringe
(Hamilton, Reno, NV) through a septum. A manual SPME sampling holder consists of a 75 pum
Carboxen-PDMS fiber (Supelco, Bellefonte, PA). Once the sampling completed, the fiber was stored and
then inserted into the GC injection port at 280°C for 4 min. The highest purity of terpenoids standards of
a-pinene, camphene, B-pinene, myrcene, 3-carene, p-cymene, d-limonene, eucalyptol, y-terpinene,
terpinolene, linalool and a-terpineol were used as calibration standards.

RESULTS AND DISCUSSION

Table 1 lists the calibration slopes, intercepts, and coefficients of determination, and limit of detections
(LOD) for the 12 terpenoids. The coefficients of determination are >0.98, except myrcene (0.971), linalool
(0.973), p-cymene (0.975) and a-terpineol (0.978). The LODs in mixing ratio were 0.31-0.50 ppbv for the
12 terpenoids. The values demonstrate that the SPME method is reliable for quantification of terpenoids at
standard conditions.

Large variations in the concentration were showed. For FC, the highest total quantified terpenoids
concentration was seen in FC#1 with a mean of 4145 pg/g, which is at >15 times higher than that in the
other three samples, ranging from 139 to 265 ng/g. d-Limonene, eucalyptol, linalool and a-terpineol are the
major quantified terpenoids in FC. Among these compounds, eucalyptol is a sole compound that can be
detected in all FC samples. Its mass concentrations ranged from 20.0+0.7 to 210+50.1 pg/g. Only in FC#1,
other monoterpenes such as B-pinene (11.0+4.51g/g), myrcene (215£12.1 pg/g), and p-cymene (142.8+13.1
ug/g) were quantified, while they were undetectable in the rest of samples. Linalool and d-limonene were
the two most abundant terpenoids in FC#1, which contributed 55.9% and 30.2%, respectively, to the total
quantified terpenoids concentration. However, the contribution of linalool was significantly small in the
FC#2 (35.8%) and FC#3 (21.3%) and even no linalool was found in the FC#4. For d-limonene, it only
contributed 8.9% in the FC#2 and none was found in FC#3 and FC#4. It should be noted that a-terpineol
was the most abundant terpenoids in FC#2-FC#4, contributing 43.0-83.7% to the total quantified
concentration, but cannot be detected in FC#1. The concentrations and compositions of monoterpenes and
monoterpenoids do not indicate any relationship with the fragrance presented in the FC samples. According
to the information provided by the manufacturers, no fragrance was added in FC#1 and FC#4 but no
similarity was seen on their composition profiles. For FC#2 and FC#3, both were added with lemon and
pinene scent respectively. Again, the mass concentrations and contributions of terpenoids varied greatly.
The results demonstrate that the fragrance should not be a major contributor to the terpenoids emission
from the FL.
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Table 1 Physical Properties, Linear Regression Parameters for Calibration Curves, Limits of Detection
(LODs), and Method Precisions

. Quantification Boiling Point > LOD
Terpenoids Formula MW Ton °C) Slope Intercept R (ppbv) RSD
o-Pinene CioHis 136.23 77,93,121 155-156 233.8 31354 0980 044 1.9%
Camphene CioHis 13623 79,93,121 159-160 176.2 2573.8 0983 048 33%
B-Pinene CioHis 13623 69,79,93 155-156 298.9 2192.0 098 039 44%
Myrcene CioHis 13623 69,93 167 194.7 -166.8 0971 033 52%
3-Carene CioHis 13623 77,93,121 168-169 367.2 281.6 098 045 2.3%
p-ymene CioHys 13422 91,119,134 176-178 14853 6733.3 0975 050 6.7%
d-Limonene C;oH,¢ 136.23 68,93 170-180 161.5 755.9 0985 050 4.6%
Eucalyptol Clglls 154.25 81,108,111 176-177 189.9 13417 0985 033 6.0%
v-Terpinene Cj;oH;s 136.23 93,119,136 182 172.0 -70.1 0.987 031 1.1%
Terpinolene  CoHys 136.23 93,121,136 184-185 103.7 -2084 0992 042 29%
Linalool Clg{” 154.25 55,71,93 194-197 106.8 10614 0973 037 3.8%
a-Terpineol Clgllg 154.25 59,93,136 217-218 194.3 10979 0978 035 13%
Table 2 Terpenoids composition of cleaning products and air fresheners (in the unit of pg terpenoids / g
household products)
p-Pinene Myrcene p-Cymene d-Limonene Eucalyptol Linalool o-Terpineol
Mean SD Mean SD Mean SD  Mean SD Mean SD Mean SD Mean SD
FL #1 11.0 45 2150 12,1 1428 13.1 1250.0 236.5 2100 50.1 2317.2 571.6
FL #2 23.6 3.1 32.5 33 94.7 8.4 113.8 9.8
FL #3 20.0 0.7 29.7 2.1 89.6 1.1
FL #4 407 9.6 208.6 28.1
CONCLUSIONS

A solid phase microextraction (SPME) coupled with gas chromatography/mass spectrometry
(SPME-GC/MS) was developed for the determination of terpenoids released from cleaning products and air
fresheners. The SPME-GC/MS analysis results suggested that the chemical composition and concentrations
of individual terpenoid varied broadly with household products. The concentration of total terpenoids for
sample FC1 was the highest up to 4060.8 ug/g, followed by FC2 of 793.9 ng/g, FC4 of 249.3 pg/g and FC3
of 139.2 pg/g.
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