
1.	Introduction

According	 to	United	States	Environmental	Protection	Agency	90%	of	 the	 time	
people	spent	in	closed	spaces,	which	makes	indoor	air	an	important	factor	that	
influences	human	health	[1–3].	The	problem	of	indoor	air	quality	arose	in	late	
1960s	and	1970s,	when	the	term	“sick	building	syndrome”	appeared	[4].	This	
term	refers	to	symptoms	like:	irritation	of	upper	airway,	eyes,	mucous	membranes	
and	skin	[5].	It	is	believed	that	sick	building	syndrome	is	caused	by	volatile	organic	
compounds	[6]	with	terpenes	as	one	of	the	contributors.	Terpenes	are	produced	
mostly	by	conifer	plants	[7–8],	however	they	are	also	emitted	into	indoor	air	from	
cleaning	agents,	perfumes,	air	fresheners	and	cosmetic	products	[9–11].	Terpenes	
most	commonly	present	 in	 indoor	air	are:	d-limonene,	α-pinene	and	β-pinene	
[12].	 Products	 formed	 due	 to	 the	 series	 of	 reactions	 initiated	 by	 terpenes	
oxidation	may	cause	human	health	deterioration	[6;	13–15].	The	reason	why	the	
presence	of	terpenes	in	indoor	air	may	be	considered	as	a	threat	to	human	health	
is	 because	 products	 of	 their	 transformations	 undergo	 condensation	 and	 form	
secondary	organic	aerosol	[17].	Secondary	organic	aerosol	nanosized	particles	
are	 able	 to	 penetrate	 deeply	 human	 respiratory	 track	 and	 even	 reach	 the	
bloodstream	[18].
	 There	were	already	a	lot	of	studies	on	terpenes	presence	in	indoor	air,	but	to	the	
best	of	our	knowledge,	there	was	no	research	concerning	terpenes	determination	
in	hairdressers	 salons	published	yet.	 In	 this	work	we	present	 the	preliminary	

Influence of terpenes on indoor air quality

KLAUDIA	PYTEL*,	RENATA	MARCINKOWSKA,	BOZ�ENA	ZABIEGAŁA

Department	of	Analytical	Chemistry,	Faculty	of	Chemistry,	Gdańsk	University	of	Technology,
G.	Narutowicza	11/12,	80-233	Gdańsk	Poland	*	klapytel@student.pg.edu.pl

Abstract
The	 aim	of	 this	 study	was	 to	 investigate	 air	 quality	 in	 hairdresser	
salons,	 focusing	 on	 terpenes	 determination.	 Terpenes	 are	 known	
reactive	 volatile	 organic	 compounds	 that	 contribute	 to	 secondary	
organic	aerosol	formation.	Those	compounds	are	frequently	found	in	
cosmetic	products	as	fragrance	agents.	Hairdresser	salons	are	special	
kind	of	environment,	where	secondary	organic	aerosol	concentration	
may	be	elevated.	One	hairdresser	salon	in	Gdynia	was	chosen	to	carry	
out	preliminary	 research.	 Indoor	 air	 samples	 from	 the	 salon	were	
collected	 using	 diffusive	 samplers	 and	 sorbent	 tubes,	 which	were	
later	desorbed	and	analyzed	by	TD-GC-FID	and	TD-GC-MS.	Determi-

–3ned	limonene	concentration	varied	between	6–74	µg	m .

Keywords
hairdresser
indoor	air
d-limonene	
secondary	organic	

aerosol
terpenes

246	 Proceedings	of	the	14th	ISC	Modern	Analytical	Chemistry	▪	Prague	2018



research	concerning	indoor	air	quality	of	this	type	of	public	service	space.	The	aim	
is	to	determine	chemical	composition	of	indoor	air,	with	a	special	attention	paid	to	
terpenes	concentration,	and	its	variability	in	hairdresser	salon.

2.	Experimental

2.1	Reagents	and	chemicals

Methanol	(gradient	grade	for	LC,	Sigma-Aldrich),	(R)-(+)-limonene	(Sigma-Ald-
rich),	calibration	solutions	were	of	following	concentrations:	10;	100;	200	and	

–1500	ng	µl .

2.2	Instrumentation

® ®Radiello 	diffusive	passive	samplers	with	Carbograph 	sorbent	and	tubes	filled	
®with	Tenax 	were	applied	to	sample	the	indoor	air.	Passive	samplers	and	sorbent	

®tubes	 were	 desorbed	 using	 thermal	 desorption	 (TD)	 unit	 Markes .	 Gaseous	
samples	were	analyzed	by	gas	chromatography	coupled	to	mass	spectrometry	(GC	
Agilent	Technologies	6890,	MS	Agilent	Technologies	5973)	and	flame-ionization	
detector	(GC-FID	Agilent	Technologies	7820A).	Parameters	of	thermal	desorption	
unit	and	two	chromatographic	units	are	presented	in	Table	1.

2.3	Methodology	of	analytical	procedure

®All	of	analytical	proceeding	stages	are	presented	in	Fig.1.	Location	of	Radiello 	
and	active	sampling	with	sampling	tubes	is	presented	in	Fig.	2.
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	 GC-MS	 GC-FID

Column	 DB5MS	60	m	×	0.25	mm	×	1	µm	 DB1	30	m	×	0.32	mm	×	5	µm	
	 (Agilent	J&W)	 (Agilent	Technologies)

–1 –1Column	flow	 0.5	ml	min 	 2.2	ml	min
Temperature	program	 70	°C	held	for	1	min,	ramped	at		 40	°C	held	for	1	min,	ramped	at

	 	–1 –1	 15	°C	min 	to	120°C	and	held	for 10	°C	min 	to	125 °C,	ramped	at
		 –1 –1	 1	min,	ramped	at	10	°Cmin 	to	 15	°C	min 	to	240 °C	and	held	for

	 280	°C	and	held	for	5	min	 5	min
Detector	temperature	 Ion	source:	250	°C	 250°C
	 Quadrupole:	150	°C	
Thermal	desorption
					prepurge	 1	min	(split	ON)	 1	min	(split	ON)
					tube	desorption	 10	min	at	300	°C	(split	OFF)	 10	min	at	300	°C	(split	OFF)
					trap	desorption	 Trap	low:	1°C	 Trap	low:	1°C
	 Trap	high:	300	°C	(split	OFF)	 Trap	high:	300	°C	(split	OFF)

Table 1
Thermal	desorption,	GC-MS	and	GC-FID	parameters	applied	during	analysis.
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Fig. 2	 Location	 of	 passive	 samplers	 and	 sorbent	 tubes	
sampling	points	at	hairdresser	salon.

Fig. 1	Analytical	proceeding	steps	applied	in	this	research.

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


3.	Results	and	discussion

®Sampling	with	Radiello 	samplers	last	5	hours	(ca.	since	10	a.m.	to	3	p.m.)	each	
day	of	sampling,	whereas	sampling	with	sampling	tubes	was	performed	around	
2–3	p.m.	each	day.	Sampling	was	carried	out	during	the	working	days	and	at	the	
weekend.	Limonene	concentrations	calculated	on	the	basis	of	the	mass	adsorbed	
on	sampling	tubes	and	determined	by	TD-GC-FID	are	presented	in	Table	2.
	 According	to	obtained	results,	limonene	concentrations	determined	in	hair-
dresser	 salon	were	 sometimes	 higher	 in	 comparison	 to	 an	 exemplary	 studies	
carried	 out	 in	 Germany,	which	 indicated	 limonene	 concentration	 at	 homes	 at	

–3a	level	of	15–20	µg	m 	[19–22].	All	differences	in	concentration	could	be	caused	
by	activities	performed	in	the	salon	during	the	day.	For	example	at	09.06.2018	
limonene	concentration	was	the	lowest	and	sampling	was	carried	out	very	close	
(1	meter)	from	the	client	with	a	hair	dye.	The	type	of	hair	dyes	used	in	chosen	salon	
does	 not	 have	 terpenes	 indicated	 in	 International	 Nomenclature	 of	 Cosmetic	
Ingredients	and	no	noticeable	scent.	The	highest	concentration	determined	on	the	
16.06.2018	may	be	related	to	the	fact	that	sampling	occurred	while	hairdresser	
was	using	hair	spray	and	other	cosmetics	in	the	form	of	aerosols,	with	relatively	
large	 amount	 of	 scented	 chemicals	 included.	 Chromatograms	 obtained	 by	

®desorption	of	Radiello 	samplers	present	more	precise	picture	of	the	complicity	
of	indoor	air	composition,	which	can	be	seen	on	an	exemplary	chromatograms	
obtained	by	TD-GC-FID	and	TD-GC-MS	(Fig.	3)	analysis.
	 MS	 detector	 was	 applied	 in	 order	 to	 carry	 out	 qualitative	 analysis	 and	
determine	components	of	the	indoor	air.	On	the	GC-MS	chromatogram	limonene	
peak	intensity	is	relatively	low	in	comparison	to	siloxanes	(Fig.	3B).	There	are	also	
alcohols	peaks	of	high	 intensity	visible	at	 the	beginning	of	chromatogram	and	
their	presence	is	justified	due	to	the	fact	that	they	are	common	cosmetic	ingre-
dients.	FID	detector	was	applied	mainly	 to	get	quantitative	 information	about	
analytes	present	in	the	sample.	Chromatogram	obtained	by	GC-FID	proves	that	
indoor	air	from	hairdresser	salon	is	a	complex	sample	containing	a	set	of	different	
chemicals	(a	lot	of	chromatographic	peaks	on	Fig.	3A).	Siloxanes	are	not	visible	on	
FID	chromatogram,	because	FID	is	selective	towards	compounds	that	possess	C–H	
bonding	in	a	structure.
	 Such	high	concentration	of	siloxanes	in	indoor	air	of	hairdresser	salon	may	be	
explained	 by	 the	 fact	 that	 siloxanes	 are	 common	 ingredients	 of	 hair	 cosmetic	
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Day	of	sampling	 Limonene	con-	 Total	concentration
–3	 –3	 centration/µg	m of	organic	compounds/µg	m

09.06.2018	 6	 322
16.06.2018	 74	 2246
20.06.2018	 69	 5122

Table 2
Limonene	concentration	determined	in	a	chosen	hairdresser	salon.
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products.	Such	high	concentration	of	siloxanes	may	also	be	considered	as	a	threat	
for	workers	and	clients	health,	because	according	to	the	literature,	siloxanes	were	
determined	as	components	of	atmospheric	aerosol	and	may	irritate	human	respi-
ratory	system	[23].

4.	Conclusions

In	this	paper	we	proved	that	indoor	air	of	hairdresser	salons	contains	precursors	
for	secondary	organic	aerosol	formation.	It	is	necessary	to	continue	this	research	
in	order	to	improve	analytical	approach	and	obtain	more	data.	It	would	be	very	
helpful	to	use	in	the	future	particle	counters	like	SMPS	(Scanning	Mobility	Particle	
Sizers)	to	determine	the	exact	dependence	between	the	amount	of	terpenes	in	
indoor	air	and	the	amount	and	spatial	distribution	of	created	secondary	organic	
aerosol	particles.
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Fig. 3	Chromatogram	obtained	by	(A)	GC-FID,	and	(B)	GC-MS	analysis	of	the	sample	collected	on	the	
fourth	day	of	sampling.
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