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[. Introduction

Polycydic arométic hydrocarbons (PAHS) are widdly-distributed
and hazardous environmenta pollutants thet are discharged into the
environment from the versatile sources such as motor vehicle
emissions, fossl fuds, indudtrid plants They are produced during
the incomplete combustion of cod, ges, ail, and wood, and can dso
be found in tobacco smoke, charbroiled meets, and smoked foods
(International Agency for Research on Cancer, 1985; Internationd
Agency for Research on Cancer, 1987).  Industries in exposure to
PAHSsis likely to oocur indlude thase using coke ovens and cod tar,
iron and sted works, duminum works, foundries, cabon dectrode
and carbon black manufacture, agphalt manufacture and use, ec.
(Redmond et d., 1976; PAdmer and Scott, 1981; Armgrong & d.,
1986; NIEHS, 2000; Campo ¢t d., 2006; Unwin et d., 2006; Buratti
et d., 2007). Many of these PAHSs shown carcinogenic activity,
proven in animals, and are thought to have a Smilar impact on
humens (Boffetta et d., 1997; Internationd Agency for Research on
Cancer, 1973; Internationd Agency for Research on Cancer, 1983;
International Agency for Research on Cancer, 1984; Internationa
Agency for Research on Cancer, 1984a; National Toxicology
Program, 2001). Background exposures to PAHS for the genera
populetion typicaly come from sources such as tobacco smoke or
environmenta tobacco amoke (ETS), charbroiled or smoked foods,
and automobile exhaust fumes (WHO, 1984; Grimmer et d., 1987,
Lioy et d., 1988; Scherer et d., 1990; Scherer et dl., 2000; Kimet d.,
200L; Huetd., 2006).

As representative biological exposure marker, urinary 1-
hydroxypyrene (1-OHP) for environmental PAHs exposure has been
somewhat limitation for the explanation of environmental PAHS
exposure (WHO, 1984). Moreover, the marker is not mostly
influenced by respiratory intake but by food intake and tobacco
amoking among generd population (Grimmer et d., 1987; Lioy et
d., 1988; Scherer e d., 1990; Jongeneden & d., 2001). In these
snse urinary 1-OHP is totd exposure marker for pyrene exposure
via respiration and food intake so that PAHS exposure sources are
not dear whether exposure source is from ambient ar or from food
intake. More dfective exposure markers than urinary 1-OHP are
necessary to PAHs exposureviarespiratory intske. Blood PAHs are,
therefore, thought to more effective exposure marker than 1-OHP as
urinary metabalite

A venousblood sampleisamost effective and sendtive biologica
matrix in cases of low-level exposure to voldile organic compounds
(Kawa et d., 1992, Kawai ¢t d., 19925 Kawa e d., 1994; Kawa

et a., 1996; lkeda, 1999). PAHs in blood have been used as
exposure markers for long-term low-leve exposure. However, few
reports are available for the eva uation of the PAHSin blood for non-
occupdiond exposure. Moreover, alarge-scdle nationd fidd survey
(cohort study) for the hedlth effects on residents living near industrid
Steswas conducted in Sx Korean indudtrid aress every year for 20
years, in order to dearify the exposure to PAHSs from the combudtion
of cod, ges, ail ec. The detection of PAHs in blood is required a
senditive and rapid method to handle a large number of blood
samplesin a very short detection period.  The present sudy was
initiated to examine the background levels of US EPA 16 PAHs
(naphthalene, acenaphthylene, acenaphthene, fluorene,
phenanthrene, anthracene, fluoranthene, pyrene, benzo(@anthracene,
chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(a)pyrene, indeno(1,2,3-cd)pyrene, dibenz(ah)anthracene,
benzo(g,h,i)perylene) in venous blood samples. The blood
oconcentration of 16 PAHs samples were compared exposed group to
ETS and nonamoker group, and group of roasted food intake with
nor+intake group of thesefoods

[I. Materials and Methods
1. Survey participants and study design

This survey was conducted from February to April 2008 in
severd farming towns near metropalitan Busan, Korea, where there
is no known indugtrid pollution from PAHS. The participants were
158 hedlthy non-smoking participants (68 man and 90 women), with
an age range of 21-68 years (meen = D, 438-194), (Table ).
The subjectswere divided into subgroups of nonamokers exposad to
ETS and non-smoker, or intake of roagted mests or fish and non-
intake of these foods. Then, significant increases in 16 PAH
concentrationsin blood sampleswere evauated.

In selecting the group of nonsmokers exposed to ETS, the
participants were asked to describe their exposure to ETSin terms of
minutes per day, and were accepted if they had an ETS exposure of
up to 1 minute a day. Roasted medts or fish involved charbrailed,
briquette-roasted, butane gas-roasted, city ges (LNG)-roasted or
eectronic grill-roasted mests or fish. Moreover, the questionnaires
werefully explained the participants.
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2. Sample collection and analysis of the 16 PAHs

Venous blood samples and questionnaires were collected from the
participants with informed consents provided in writing.
Heparinized vacuum tubes for blood sampling (Vacutainer, Becton
Dickingon, N.J, USA) were employed (Moon et d., 1995) with due
caution to avoid the contamination of PAHS. Then, each blood
samplewasstored a -18 C until it wasandyzed.

PAHSs in blood were analyzed using headspace-solid phase
microextraction (CTC CombiPAL automated sample injectors for
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gas chromatography, Agilent Technologies, Inc., USA) coupled with
gas chromatography-mass spectrometry [HS-SPME/GC-MS
(GCMS-QP2010, Shimadzu, Japan)] according to published
methods (Aguinaga e d., 2007; Campo et d., 2006), with dight
madifications mede. Whale blood (1 ml) was trandferred to a vid
containing 100 mg of NaCl and K2CO3 and 1 ppm of internd
standard solution (phenanthrene-d10 and pyrene-d10) was added.
Andytes were extracted from the headspace of the ssamples udng a
65 xm PDMS/DVB SPME fiber (Supelco) with agitation. To
increase absorption effency to thefiber, an absorption temperature of

Table 1. The general characteristics of the study participants *

Man (68) Women (90) Totd (158)"
AMETASD Min-Max. AM*TASD Min-Max. AMETASD Min-Max.
Age(years) 448+213 (21-67) 431+177 (21-68) 4381194 (21-69)
Height (cm) 1674+ 68 (150.0-181.0) 1578+ 61 (141.0-1715) 1620~ 80 (141.0-1810)
Weight (kg) 63.7t114 (410980 563+ 938 (40.0-930) 505111 (400980)
Body MassIndex 26+ 33 (17.6-325) 26t 36 (150337 26L 35 (150-337)
* healthy non-smoker.
T number of participants
Table 2. Analytical condition of subjected16 PAHs
Reteniontime ~ Sdectedion Regresson parameter Detection limit
(min) (m2) a B (7))
Naphthdene 10111 128,129, 127 0.0064 0.0983 08
Acengphthylene 14.214 152,151,153 0.0025 0.0107 0.7
Acengphthene 14.690 154,153,152 0.0179 0.0989 08
Huorene 16.003 166, 165, 167 0.0216 0.0127 07
Phenanthrene 18441 178,179,176 0.0104 0.0579 09
Anthracene 18560 178,176,179 0.0084 0.0507 09
Huoranthene 21478 202,101, 203 0.0563 0.0147 08
Pyrene 22026 202, 200, 203 0.0319 0.0193 09
Benzo(@anthracene 25078 228,229, 226 0.02% 0.0218 08
Chrysene 25.172 228, 226,229 0.0568 0.0286 10
Benzo(b)fluoranthene 271.650 252,253,125 -00172 0.0107 09
Benzo(K)fluoranthene 27683 252,253,125 00772 0.0319 09
Benzo(apyrene 28.367 252,253,125 0.0327 00133 09
Indeno(1,2,3-cd)pyrene 30.864 276,138,227 -0.0054 0.0074 11
Dibenz(ah)anthracene 30.8% 278,139,279 -0.0045 0.0231 13
Benzo(g,h,i)perylene 30926 276,138,277 -00183 0.0178 13

* ¢ and A are parameters of a regression line of Y= a + X, where X is the blood concentration (ug/l ) and Y is the value for mass chromatogram.

r> 099 inall of 16 PAHs.
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Table 3. Geometric mean and maximum concentration of the 16 PAHs in blood samples (ug/1)

Man Women Totd [maximum]

(No.69) (No.90) (No. 158)
Naphthalene 21.66 23.26 2520 [91845]
Phenanthrene 408 461 436 [64.66]
Anthracene 426 416 421 [6165]
Acengphthylene 380 310 341 [32544]
Pyrene 172 18 177 [75.08
Benz(a)anthacene 144 139 141 [6589
Chrysene 191 149 167 [24.08]
Dibenzo(gh)anthracene 235 285 260 [26.15]
Benzo(gh,i)perylene 198 271 234 [17.22)
Huoranthene 171 176 176 [150.31]
Acengphthene 135 148 142 [598
Benzo(g)pyrene 132 136 134 [3464
Benzo(k)fluoranthene 198 167 181 [2426]]
Huorine 097 099 098 [227.97]
Indeno(1,2,3-cd)pyrene 116 107 111 [6883]
Benzo(b)fluoranthene -

Student t-test between man and women were not statistical significant with all of 16 analytes (p>0.05).

90 C for 50 min was goplied. The andytes were then desorbed
from the fiber for 5 min in the injector, operating in a plitless mode
a atemperature of 250 ‘C, equipped with an inlet liner for SPME
(internd diameter 0.75mm, Supelco).

The GC conditions used were as follows. HP-5 capillary GC
column (30 m, 0.25 gm inner diameter, 0.25 #m film thickness),
helium carrier gas & a flow rate of 1 mi/min; gas chromatograph
oven temperature programmed from 40 C (2 min initid hold) to
230 C & 15C/min (then 2 min. hold), thento 230 'C a& 5 C/min
(then 6 min hold), and findlly to 300 'C & 10 C/min (then 15 min
hold). The MS conditionswere 280 C in trandfer line temperature
and 200 C inion source temperature. The detector was operated in
the sdected ion monitoring mode (SIM) for nomina molecular ions
(M/z) (Tdble?2).

3. Statistical analysis

The dtatistical analysis was performed using SPSS 17.0 for
Windows. Arithmetic means (AM) and arithmetic standard
deviations (ASD) were employed for age, height, weight and body
mass index (BMI) because these measures were assumed to be

digributed normdly. A log-normal distribution was assumed for the
16 PAHSs (naphthalene, acenaphthylene, acenaphthene, fluorene,
phenanthrene, anthracene, fluoranthene, pyrene, benzo(@anthracene,
chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(@)pyrene, indeno(1,2,3-cd)pyrene, dibenz(ah)anthracene, and
benzo(g,h,i)perylene), so that geometric means (GMs) and
geometric standard deviations (GSD) were taken to express the
digtribution. Student” st-test was employed for comparison between
the groups of man and women, nonsmokers exposed to ETS and the
control group, and intake of roasted megt or fish and the control
group.

To cdculate the GM and GSD, the value below the detection limit
(DL) was assumed as one-haf of the DL. DLs in vaues from
GC/MSranged from 0.7t0 1.3 g/l for the 16 PAHs

[I. Results

1. Geometric means (GMs) and maximum of the
16 PAHSs in blood
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Fig. 1 The comparison of GM of blood
concentration between the group of ETS smoker
(Group A), and control group (Control)

The 16 PAHs measured in the blood samples of the study
participants are summarized in Tables 3. GMsof 16 PAHS between
man and women were not gnificantly different (p>0.05). GMs of
naphthalenein blood were 25.20 1g/l intotd, 27.66 ¢/l inman, and
23.26 g/l in women, respectively. That of Phenanthrene in blood
were 446 pgfl in totd, 4.08 g/l in man, and 4.61 xg/l in women.
Tha of Anthracene were 4.21 pgfl in totd, 4.26 g/l in men, and
4.16 pgll in women.  Acengphthylene were 341 g/l in totd, 3.80
g/l in man and 3.10 in women, respectivdy. Mogt of the 16 PAHS
andytes showed low blood concentration, however, maximums of
naphthalene (918.45 pgfl), acenaphthylene (325.44 ngll),
fluoranthene (150.31 ygfl), benzo(k)fluoranthene (242.61 g/l),
fluorine (227.97 1g/l) shown to high leves of blood concentration.
Pyrene, benzo(a)pyrene, indeno(1,2,3-cd)pyrene as pyrenes were
177 gl (GM intotd), 75.08 pgfl (maximum) in pyrene, 1.34 gl
(GM in totd), and 34.64 g/l (maximum) in benzo(@pyrene, and
111 pgll, 6883 1g/l (maximum) in indeno(1,2,3-cd)pyrene. These
3PAHsandyteswere not showed to high blood concentration

2. Blood PAH concentration and nonsmokers
exposed to ETS.

In environmenta tobacco smoking (ETS), survey participants
were evauated for blood PAH concentrations, as shown in Fig.1.
The numbers for nonsmokers exposed to ETS, and nonsmokers
(contral group) were 18 and 138, respectively. Among the 16 PAHS,

4 PAHSs andytes [acengphthylene (p<0.01), acengphthene (p<0.1),

Fig. 2 The comparison of GM of blood
concentration between the group of intake of
roasted meats or fish for the past 3 days (Group
B), and control group (Control)

fluorene (p<0.01), pyrene (p<0.05)] in GM of blood PAHSs were
higher in the group with exposure to ETS then in the control group.
Anthracene, benzo(g)pyrene, and benz(g)anthracene <o hed higher
GMs in the group exposed to ETS, but with no statistical
dgnificance

3. Blood PAH concentration and intake of roasted
meats or fish

Participants (69) had consumed roasted meats or fish in the
previous three days (Group B), and 19 participants hed not (control)
intake these roasted foods. Figure 2 highlights the comparison
between Group B and the contral group for blood concentrations of
the 16 PAHs. Among the geometric means of the 16 PAHS, only
benzo(a)pyrene was sgnificantly higher in Group B (intake of
roasted meats or fish in the previous three days) than in the control
group (p<0.1). Acenaphthylene, phenanthrene, anthracene,
fluoranthene, pyrene, benz(g@anthracene, and chrysene were higher
in Group B than in the control group, however, there was no
datigticd sgnificance (p>0.1).

IV. Discussion
In the sudy, very low level 16 PAHs in blood could efficiently

detected for the evauation of non-occupationd exposure. The heed
grace-s0lid phase microextraction (HS-SPME) method was applied
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for the detection of 16 PAHsin blood. This method did not recuire
large volumes of organic solvents for extraction, which can be time
oonsuming and may involve amulti-step process that could result in
the loss of some andytes (King e d., 2003). Moreover, Smplicity,
low cogt and high sensitivity make this method very useful for
quantitetive analysis of volatile or semi-volatile compounds (Cam et
a., 2004; Ahn et d., 2001). By using the head space andysis
method, the GC column is influenced by the direct injection of the
sample to the GC injection port, rather than by the sample contents,
s0 that a large number of samples provide efficient quaitative
anaysis. Moreover, the solvent-extraction and concentration
required by exising methods requires alonger experimentd time, a
large amount of solvents and man-power for the experiment, o that
the method is thought to be very limited in cases with large samples
and reduced andyticd working periods.

GM, and the maximum of PAHSsin blood are ducidated in Tables
3. The GM of Naphthalene was 25.20 11g/l in totd among the PAH
andytes. However, there was no Sgnificant variaion in the GM for
blood concentration between man and women.  The maximum was
111849 g/l for man and women combined. I the participant hed
nat been exposed to smoking or ETS or motor vehide emissons, or
any other occupationa exposure sources, the other source of
expoaure to ngphthdene for non-amakers is likdly to be mothbals
(used in toilets and to protect clothing), which represents a
continuous exposure. More studies are necessary to evauate the
impect of indoor ar pollutants on the genera Korean population.

One of the main sources of 16 PAHS exposure for the generad
population is cigarette smoke (Hu et d., 2006; Ding e d., 2006).
This sudy showed that there was an effect of ETS in the passive
smoking group because 4 analytes, acenaphthylene (p<0.01),
acenaphthene (p<0.1), fluorene (p<0.01), and pyrene (p<0.05),
among the 16 PAHs showed the Sgnificant increase in the blood
samples. The participants showed the significant increase in the 4
PAHs were mainly exposed a particulate phase of the ETS. Inthe
report from Lu and Zhu (2007), the particulate phase showed
fluorene, phenanthrene, benzo(g,h,i)perylene a high concentrations
On the ather hand, the vapor phase showed high concentrations of
acenaphthene, acenaphthylene, fluorene, phenanthrene,
fluoranthene, and pyrene (Lu and Zhu, 2007). Therefore, asaresult
of this Sudy, 4 PAHs from the blood regarded as an indicator of the
expoaurecf ETS. Benzo(@pyrenewasrdaed to smoking or toETS
(Fegundeset d., 2006). Theresults of the sudy, however, showed a
vey low detection percentage (12.7 % in totd).  Further sudies of
dose-response relations between blood PAHS and exposure to ETS

are nesded to darify the exposure source and route for the generd
Korean population.

Participants who had consumed roasted meets or fish showed a
sgnificant increase in benzo(g)pyrene levels (Fg. 2). Renik et d.,
2007 reported that the maximum acceptable concentration for
benzo(a)pyrene of 5 g/kg was exceeded in 3.4 % of samples.
These samples included commercid, cured mesat products, and
home grilled meetsin Estonia In non-smoking Jepanese universty
students, pyrene, benzo(k)fluoranthene, and benzo(@pyrene leves
primarily came from food intake (Suzuki and Yoshinaga, 2007).
Moreover, benzo(a)pyrene was identified as a principd dietary
source in the adult Spanish population (Ibénez e d., 2005). When
the results of the current study were compared to recent reports,
blood benzo(a)pyrene was closdly related to meet intake or the
method used for cooking the meet (Snha et d., 2005; Kazerouni &
al., 2001; Phillips, 1999). Thusit is assumed that levels of
benzo(@)pyrene in the blood are influenced by exposure to roegted
meds or fish. No tridswere possblein the present sudy, however,
to make quantitative assessment of roasted food intake. Further
dudies are necessary to identify such factors quartitatively as being
influentiad sources of PAHSs exposureto generd population.

V. Conclusion

The blood PAHs were efficiently detected by GC-MS in non-
occupationd exposed aubjects. ETSisan influentid factor, which it
could affect the increase of blood PAHs [i.e., four PAHS,
acengphthylene (p<0.01), fluorene (p<0.01), acenaphthene (p<0.1),
and pyreng(p=0.1)]. The roagted meat and fish ingestion was dso
found to be influential factors, which were increased the
concentrations of benzo(g)pyrenein the blood. The concentrations of
blood PAHs in this study are regarded some of the background
expoaure leve in the generd Korean populaion. In reaion to the
digtary ingedtion of 16 PAHSs, the further sudy of Koreen food is
needed to clarify the daily exposure and the dose-response
rdationship in background exposure.
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