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Orange jasmine leaves as an indicator of atmospheric
polycyclic aromatic hydrocarbons
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Abstract
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Orange jasmine leaves as an indicator of atmospheric polycyclic aromatic

hydrocarbons
Songklanakarin J. Sci. Technol., 2005, 27(4) : 877-888

Sorption of atmospheric PAHs in orange jasmine leaves, Murraya paniculata (L.) Jack and the
potential of leaves to indicate atmospheric PAHs were investigated. Partitioning experiments between leaves
and water were conducted to determine the partition coefficients of the compounds between the leaves and
the water. The leaf samples were collected on 4 Bangkok roadsides, where the air samples were measured for
24 h using high volume, to analyze 16 PAHs. The actual measured PAH concentrations were compared to
atmospheric concentrations calculated from the leaf/air partition coefficients and PAH leaf concentrations.
It was found that they were well related as indicated by correlation coefficient (r?) > 0.70, particularly low
molecular weight (MW) PAHs, which were ACY, ACE, FLU, PHE and ANT. This was because low MW PAHs
were mostly present in gas phase, which played a major role in leaf sorption. Therefore, high MW PAHs,
existing mainly in particulate phase, exhibited lower correlation coefficient (r? < 0.60).
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Polycyclic aromatic hydrocarbons (PAHs)
are airborne pollutants and consist of three or more
fused benzene rings. Some PAHs are classified as
possible/probable human carcinogens such as
benzo(a)pyrene (BaP), benzo(a)anthracene (BaA),
benzo(b)fluoranthene (BbF), benzo(k)fluoranthene
(BKkF), and pyrene (PYR) (ATSDR, 1990). Vehicle
exhaust has been found to be a significant source
of PAHs in urban areas (Chantara, 2000 and
Garivait, 2002). The widely used conventional
method to measure atmospheric pollutants by
using high volume air sampler is costly. Recent
alternative method by the use of bioindicators has
been emerging and is promising, for example,
spruce needle to quantify PAHs, polychlorinated
biphenyl (PCBs) and polychlorinated dibenzo
dioxins/furans (PCDDs/PCDFs) (Nakajima et al.,
1995), pine needles for monitoring PCBs (Kylin
etal., 1994), semi volatile organic carbons (SOCs)
taken up by azalea leaves, plantain and ryegrass
(Tolls and McLachlan, 1994). Among many plant
parts, leaf seems to be dominant since it has
a relatively large surface area is accessible to
atmospheric chemicals facilitating the establish-

ment of equilibrium. This study was therefore
conducted to investigate the sorption of atmos-
pheric PAHs on orange jasmine leaves (Murraya
paniculata (L.) Jack), PAH concentration in leaves
and their possible role as an indicator to estimate
atmospheric concentrations.

Theoretical Background

The concept of fugacity (F) is used to
describe the distribution of a solute in different
phases and defined in Equation (1). At equilibrium,
F in each phase is equal and can be expressed as
shown in Equation (2) (Connell, 1990).

F =C/Z (1)
F =F =F 2)
where F, F and F, are the fugacities in water,
leaf and air, respectively. C is concentration and Z

is fugacity capacity constant. Substituting Equation
(1) into Equation (2) then results
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CL/ZL = CW/ZW (3)
Rearranging Equation (3) gives

C/IC,=2Z/Z, =K, 4)
where C, and C, are the concentrations in the
leaves and the water respectively. Incorporating
the concentrations in the water and in the air (CW/
C,) into Equation (4) results in

CL/CW ¥ CW/CA = CL/CA = KLA )

Since air-water partition coefficient is Henry's
Law Constants (H), substituting C_/C, in Equation
(5) with H', thus gives

K, =C/C, *H 6)

As this partitioning process is largely
governed by the lipid, the partition coefficient
based on lipid as in Equation (7) is obtained
(McLachlan, 1999).

KLLA = CLL/CW * H>] (7)

In most situations, the gas phase of lipophilic
organic compounds is believed to be responsible
for the plant/air process (Bohme et al., 1999). The
gas and particle phases, which are deposited on
plant surface, are generally taken up by cuticle
wax or lipid layer on the plant surface by passive
diffusion process (Connell, 1990). PAHs in aerosol
or droplet taken up by an additional process via
penetration and deposition in the cuticle is rare.
Furthermore, the uptake of PAHs via root to the

leaves can be negligible because lipophilic organic
compounds are unlikely to migrate or be trans-
ported from the soil water or the soil to leaves, as
reported by many investigators (Nakajima et al.,
1995; Kylin et al., 1994).

Experimental Procedure

1. Sample collection:

Orange jasmine leaves were chosen because
of the availability on four roadsides in Bangkok
namely Pathum Wan (PW), Phongphet (PP),
Saphan Khwai (SW) and Kasemraj (KR), where
traffic volumes recorded by Bangkok Metropolitan
Administration in 2002 were 14,158, 34,265,
77,122, and 101,572 vehicles respectively. Four
mature and fully expanded leaves on the second
pairs from the stem's tip were collected daily for
7 consecutive days at each site during May 2002
and homogenized. The air was sampled at high
volume by an other investigator (Karnchanasest,
2003) at the time of leaf sampling. It was noted
that all leaves collected were about 60 cm above
the ground and about 2 m distant from the air
sampler. Then, the samples were stored at -4°C
in cleaned glass bottles. Background leaves were
from the Asian Institute of Technology (AIT),
which is situated about 40 km north of Bangkok.
The atmospheric conditions at time of samplings
were as Table 1.

2. Preparation of standard PAHs:

Sixteen standard PAHs (99.5% purity,
Supelco USA) were used: naphthalene (NAP),
acenaphthylene (ACY), acenaphthene (ACE),
fluorene (FLO), anthracene (ANT), phenanthrene

Table 1. The atmospheric conditions during sampling.

Mean pressure Mean temperature Mean wind  Rainy days  Total rainfall
(Hectopascal) 0 speed (knots) in May 2002 (mm)
1007.35 29.8 2.5 19 229.3

Source: Climatological data for the year 2002, Climatology Division, Meteorological

Department, 2002.
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(PHE), fluoranthene (FLU), PYR, BDF, indino
(1,2,3-cd)pyrene (IP), chrysene (CHR), BKF, BaP,
perylene(PER), dibenzo(b)anthracene (DbA) and
BaA. The stock PAH solutions were prepared for
250 (0.25S) mg/l and 2500 (0.25S) mg/l, where
S is aqueous solubility. The 250 (0.25S) mg/l
solution contained 10 PAHs, which were NAP,
ACY, ACE, FLO, ANT, PHE, FLU, PYR, BbF
and IP while that of 2500 (0.25S) mg/l contained
6 PAHs, which were CHR, BkF, BaP, PER, DbA
and BaA. The stock solutions were kept at -4°C
and diluted to the four working concentrations of
0.25S, 0.188S, 0.12S and 0.05S (Table 2). Thus, the
maximum working concentrations of PAHs for the
partitioning experiments were a quarter of each
PAH aqueous solubility. 1-methylphenanthrene
(MPHE) was used as internal standard (99.5%
purity, Chem service USA). 1.60 mg MPHE was
weighed and made up volume to 100 ml in hexane
to obtain 250 (0.25S) mg/1.

3. Analytical methods
3.1 Leaf lipid
2 g leaves were transferred to a micro-

wave vessel filled with 40 ml hexane where a
weflon was present and extracted by microwave
extraction at 90°C for 20 min. The extract was
allowed to cool down, filtered through a GF/C and
evaporated at 35°C until dryness in a flask. The
lipid was calculated as in Equation (8) and 6.7%
was obtained.

reweighed flask — preweighed flask

Yelipid = Weight of sample

x 100

®)

Due to lack of leaf lipid density in the
literature, it was assumed to be 0.93 kg/L equiva-
lent to hair lipid density (Karnchanasest, 2002).
Density of leaves was 0.75 kg/L obtained from
calculating the weight and the volume of leaves.

3.2 Leaf extraction
2 g leaves were transferred to a micro-
wave vessel filled with 40ml hexane, 500 ul MPHE
and a weflon magnetic bar to allow heat distribu-
tion within the vessel. The sample was extracted
at 90°C for 20 min. The extract was allowed to
cool down and then filtered through a GF/C into

Table 2. Concentrations of working solutions.

Aqueous solubility ~ Working solution concentrations (ug/l)
PAHs
(mg/l) 0258 0188 0.2  0.05S
NAP 31.7 7930 5706 3804 1585
ACY 3.93 983 710.00  471.60  196.50
ACE 3.93 983 710.00  471.60  196.50
FLO 1.98 495 360.00  237.60  99.00
PHE 1.29 322.30 240.00  154.80  64.50
ANT 0.073 18.30 13.00 8.76 3.65
FLU 0.26 65.00 50.00 31.20 13.00
PYR 0.135 33.70 25.00 16.20 6.75
BaA 0.014 3.50 2.52 1.68 0.70
CHR 0.002 0.50 0.36 0.24 0.10
BbF 0.062 15.50 11.16 7.44 3.10
BkF 0.00076 0.20 0.14 0.09 0.04
BaP 0.0038 1.00 0.68 0.46 0.19
P 0.062 15.50 11.16 7.44 3.10
DbA 0.0005 0.13 0.09 0.06 0.03
PER 0.0003 0.075 0.05 0.04 0.015
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a 250-ml round-bottom flask and rinsed with
sufficient amount of hexane. The filtrate was then
evaporated down to 5 ml by a rotary evaporator at
35°C and again to 1 ml under a gentle stream of
nitrogen. The extraction of leaves was repeated.
Both concentrates were used in the isolationstep.

3.3 Water extraction

Two water samples were traditionally
extracted separately with 25 ml hexane and 500 pl
MPHE using a separating funnel until the layers
separated. The lower layer of water was re-
extracted. The combined hexane extract was dried
over anhydrous sodium sulfate, evaporated down
to 5 ml and later to 1 ml by the same method and
injected into GC/FID.

3.4 Isolation

Slurry of activated silica gel was
prepared using 15 g silica gel in 50 ml of hexane
and filled into a glass column. The elution was
drained until the silica gel was almost exposed to
the air. The concentrate was gradually transferred
with a dropper onto the column. A 70 ml volume
of 20% dichloromethane (DCM) in hexane was
used to elute the column. The elution was collected
into a 250-ml round-bottomed flask, evaporated
down to 5 ml and again to 1 ml and injected into
GC/FID.
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3.5 Quantification

The GC/FID HP 6890N coupled with
HP5 column was used. The temperature program
was started at 80°C for 1 min, then the temperature
was increased 2.5°C/min until reaching 160°C,
which was maintained for 3 min, followed by
further increased at the rate of 3°C/min until
300°C, which was maintained for 2 min.

4. Leaf/water partitioning experiments

The partitioning experiment was carried out
in duplicate with 2 g of background leaf sample
under 4 different PAH concentrations (Table 2)
and shaken in screw-cap glass bottles. The steady
state was determined by shaking a number of
bottles for 1, 2, 3 and 6 days. At the end of each
shaking period, the leaves were filtered out on
GF/C and dried with anhydrous sodium sulfate.
The leaves and water were extracted using the
procedure described above. The steady concentra-
tions of PAHs in leaves occurred after 3 days
(Figure 1).

Results and Discussion
1. Leaf/water partition coefficients
The experimental values of leaf/water

partition coefficients (K ,, L/kg) obtained (Table
3) were calculated according to Equation (4) and

2
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Figure 1. The steady state of 16 PAHs occurred after 3 day partitioning between the leaf and

the water.
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Figure 2. Plots of lipid leaf/water partition coefficients (log K

LLw) versus octanol/water

partition coefficient (K, ,); (a) 16 PAHs were plotted but showed no relationship,
(b) 10 PAHs were plotted gave a better relationship (r? = 0.67).

converted to leaf lipid/water partition coefficients
(K,,,» L/kg) by dividing by the lipid fraction in
leaves (0.067). For comparison purpose, the K
and K were converted to dimensionless values
by multiplying with the density of leaf (p,, 0.75
kg/L) and leaf lipid density (p ., 0.93 kg/L)

respectively. The K values were also converted

to log K .. the widely used form. Generally,
experimental log K | = obtained in this study should
increase corresponding to the MW of PAH and to
log of octanol-water partition coefficient (K ) of
the compounds (Figure 2a). The deviation from
such normal relationships is probably caused by
biodegradation during partitioning experiment

Table 3. Leaf/water (K ), and leaf lipid/water partition
coefficients (K, ) as compared to fish/water
partition coefficients.

PAH KLW ‘ KLLW b lOg KLLW lOg KFW
NAP 120 1,800 3.26 2.50
ACY 93 1,400 3.15 -
ACE 230 3,500 3.55 2.59
FLO 235 3,600 3.55 3.26
PHE 4,000 62,000 4.79 -
ANT 2,000 30,000 4.48 3.01
FLU 830 13,000 4.10 2.58
PYR 1,000 15,000 4.18 -
BaA 160 2,400 3.38 2.54
CHR 54 830 2.92 3.74
BbF 1,700 26,000 441 -
BkF 7,400 110,000 5.05 4.12
BaP 260 3,900 3.59 342
1P 5,700 85,000 4.93 -
DbA 26 400 2.60 -
PER 74 1,100 3.05 -

*K,,, (dimensionless) =K  (L/kg)xp,
K, (dimensionless) = (K, (L/kg) x p, )/ leaf lipid
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since a sign of slight aging was observed at the
end of the experiment. Therefore, the values of log
K, could be a little lower than they should be
due to aging effect as mentioned earlier. However,
the plot as in Figure 2 b shows a good relation-
ship between log K and log K for lower MW
PAHs. The whole PAHs plotted with their log
K., therefore, show unsatisfactorily relationships
(Figure 2a). Further evaluation was carried out for
the relationships between log K~ and the similar
system of fish-water. As shown in Table 3, most of
the fish-water partition coefficients (log K ) are
lower than those of the corresponding log K.
This is probably due to metabolization of PAHs in
fish. In case of hair, metabolic biodegradation is
limited since biological activity between hair and
body fluids located at the hair bulb is rather slow
and disconnected during the catagen and telogen
stages. Therefore, in comparison to human hair/
water partition coefficients (H, ) (Karnchanasest,
2002), the log K, obtained in this study lower
than those of log H,  can be expected.

2. Leaf/air partition coefficients (K )

The experimental values of Kk and K |
were obtained (Table 4) from calculation in accord
to Equations (6)-(7). H can be dimensionless with
a factor of RT = 2.35 kPamB/mol shown in Equa-
tions (9)-(10) (Muller et al., 1994).

15 log K 4= 0.991log Ky, - 0.84
. L 2
r =051 *»
= 10
T
g L] . *e, @
T T T 1
2 4 5 3 10 12
log Koy

Figure 3. Plots of leaf lipid/air partition coefficients (log K

log Kiia

Karnchanasest, B. and Satayavibul, A.
KLA = 2.35KLW/H )
KLLA = 2.35KLLW/H (10)

Since octanol/air system is similar to lipid/
air system, the relationship between log K , and
log K, wasinvestigated (Figure 3). Relationships
of log K, , with MW and with log K, similar to
those of log K = with MW and log K , are
observed. Thatis, log K,  of ANT to BKF deviated
from the linear relationship with log K values.
However, those of lower MW than ANT have
a linear association with log K ,. The linear
regression equations of the relationships between
log K, and log K_, 2from this experiment gave
a slope, intercept and r of 0.99 and -0.84 and 0.51
respectively. But if the values of those log K,
(ANT, FLA, PYR, BaA, CHR and BbF) were
neglected, the correlation coefficient would in-
crease to 0.86 as shown in Figure 3b. Such low
PAHs neglected from the linear relationship could
result from microbial degradation during partition-
ing between the leaf/water. Furthermore, these
PAHs are hardly soluble in water. Therefore, it is
difficult to detect them in the water.

Theoretically, if the slope of a plot of log
plant-air partition coefficient (K,,) versus K_ is
equal to one, K, and K, are linearly related and
the lipid fraction of the plant behaves the same as

15.0 7 log K s =131 log K, - 2.77
*
=086
100 A
(b)
¢

50 *
0.0 T T T T T 1

2.0 4.0 &0 8.0 10.0 12.0

log Koa

LL4) versus octanol/air partition

coefficients (log K ); (a) 16 PAHs were plotted, (b) 10 PAHs were plotted gave

better relationships.
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Table 4. Leaf lipid/air partition coefficients (K

obtained in this study.

LLA)

PAH K, logK,
NAP 96x10° 4.98
ACY 40x10* 5.60
ACE 65x10* 5.82
FLO 110x10* 6.03
PHE 190x10° 7.29
ANT 96x10° 6.98
FLU 35x10° 6.54
PYR 42x10° 6.62
BaA 60x10* 5.77
CHR 20x10* 5.27
BbF 60x10° 6.77
BKF 390x10"? 13.59
BaP 640x10° 11.80
1P - -
DbA 290x10° 11.46
PER 230x10° 11.36

Table 5. plots of plant/air partition coefficients (log K, ) (C

partition coefficients (log K ,,) from other studies

vegetation/ gaseous phase

) versus octanol/air

Plants Compounds Experiment  Slopes r’ References

Ryegrass PCBs, CB*,PAHs in lab 1.00 0.95 Toll and McLachlan, 1994
Azalea PTC, PCBs, CB in lab 0.91 0.85 Paterson et al., 1991
Needles, bark

leaves, seed PAHs in field 0.48 0.98 Simonich and Hites, 1994
Pasture PCBs in field 0.32-0.47 0.66-0.96 Thomas et al., 1998
Ryegrass PCBs in lab 1.15 0.98 Komp and McLachlan,1997
Plantain PCBs in lab 0.87 0.98 Komp and McLachlan,1997
Yarrow PCBs in lab 0.57 0.93 Komp and McLachlan,1997
Clover PCBs in lab 0.70 0.86 Komp and McLachlan,1997
Ryegrass PCBs,CB, PAHs in field 0.60 0.93 Bohme et al., 1999
Plantain PCBs,CB, PAHs in field 0.65 0.96 Bohme et al., 1999
Sunflower PCBs,CB, PAHs in field 0.39 0.85 Bohme et al., 1999
Corn PCBs,CB, PAHs in field 0.57 0.90 Bohme et al., 1999
White clover PCBs,CB, PAHs in field 0.66 0.90 Bohme et al., 1999
Lady's mantle PCBs,CB, PAHs in field 0.53 0.95 Bohme et al., 1999
Dandelion PCBs,CB, PAHs in field 0.78 0.98 Bohme et al., 1999

CB-chlorobenzene

octanol (Bakker ez al., 2000). The slope (0.86) K, and K . That is, leaf lipid behaves the same

obtained in Figure 3b is close to 1, therefore
indicating the likely linear relationship between

LLA

as octanol and lipid is a major deposition of PAH
into the leaves according to the theory. Thus, K

A
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obtained are reasonable and more reliable K
can be achieved if biodegradation is prevented.
In comparing the slopes obtained from the plots of
log K, and log K, in this study to those of K,
in the literature (Table 5), plots of log K versus
log K, give various values. For example, in a field
experiment, a slope of the log-log plot for PAH in
needle, leaves and tree bark of 0.48 was observed
(Simonich and Hites, 1994). Thomas et al. (1998)
examined the concentration of PCBs in a field
pasture and found that the slope was 0.4. Komp
and McLachlan (1999) and Bohme et al. (1999),
studied uptake of SOCs in different plant species
and found different slopes over species. The
differences of such slopes are difficult to compare
with the results of this study because of the varied
experimental conditions employed; collection
period which involves growth dilution, plant lipid
which varies on the age of leaves, temperature,
radiation intensity and metabolism of compounds
in plants (Hauk et al., 1994).

3. Concentrations of PAHs in leaf (CL)

ACE is dominant in leaves from all four
sites (26.12-26.81 mg/kg on the dry weight basis),
followed by FLU and PHE (12.83-19.67 and 13.64-
15.12 mg/kg respectively), while the concentra-
tions of PAHs in leaf samples with higher MW than
BaA (MW =228.3) were lower than 1 mg/kg (0.14-
0.45, 0.01-0.56, 0.19-0.48 and 0.01-0.67 mg/kg
from PW, SK, PP and KR, respectively) (Table 6).
This indicates that PAHs can be sorbed in orange

100

Karnchanasest, B. and Satayavibul, A.
Table 6. Concentrations of PAHs in leaves.
(mg/kg)

PAHS Sampling Sites

PW SK PP KR
NAP ND ND ND ND
ACY 4.84 5.13 4.52 6.39
ACE 26.12 26.81 26.25 26.55
FLO 13.25 19.67 12.83 13.03
PHE 13.64 14.33 14.25 15.12
ANT 0.91 3.75 1.95 1.52
FLU 1.68 322 1.81 1.99
PYR 2.36 5.73 2.54 3.23
BaA 0.14 1.92 0.25 1.45
CHR 0.22 0.54 0.19 0.67
BbF 0.45 0.55 0.48 0.50
BKF ND 0.01 ND 0.01
BaP 0.14 ND 0.20 ND
1P 0.24 0.23 ND ND
DbA ND 0.56 0.32 0.24
PER ND 0.01 ND 0.01
Total PAHs 63.99 82.46 65.59 70.71

ND = Non detectable

jasmine leaves from the air (Nakajima et al., 1995).
SK has the highest total PAHs (82.46 mg/kg),
while KR and PP have little different concentra-
tions (70.71 and 65.59 mg/kg, respectively). PW
has the lowest total PAHs (63.99 mg/kg). The plot
between PAH concentrations in leaf samples and
traffic volume indicates no relationship (Figure 4),
even though vehicle exhaust is a major source of

&0 ¢
60
40

20 4

Total PAH in leaves (mg/kg)

0 20000 40000

60000 0000 100000 120000

Traffic volume (vechiclesday)

Figure 4. Plot of total PAHs in leaves versus traffic volume at each site.
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Figure 5. Plots of C,  versus C

Amea

PAHs in the areas. However, some relationships 4. Comparison of the calculated and measured
may be seen if factors such as vehicle condition, atmospheric PAHs

traffic stoppage, type of fuel, wind direction in the Calculated PAH concentrations in the air
plot are classified. (C, .,,) are derived according to Equation 11 using

ACAL
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Figure 5. (Continued)

leaf/air partition coefficients (K, ,) and PAHs in
leaves (C))

C,.,=C (mgkg) /K  , (dimensionless)

Acal

(11

C,., (mg/kg) are then converted to C, | 6(ng/m32 by
multiplying with air density of 1.19x10 mg/m’ (at
25°C) (Simonich and Hites, 1994).

The potential of leaves as a bioindicator of
atmospheric PAHs is evaluated by comparing
C,., to that of atmospheric PAHs collected from
the same sites (CAmea) (Figure 5). The regression

analysis clearly shows fairly good linear relation-

ships " > 0.70, p-value = 0.028) for low MW,
since low MW PAHs are mostly present in gas
phase. The higher MW PAHSs, on the contrary,
mostly occur in particulate phase, and low cor-
relation coefficient (r2 ~ 0.5, p-value = 0.230) can
be expected.

Conclusion

Gaseous PAHs play a major role in sorption
in leaves, which can be used to predict the levels of
atmospheric PAHs occurring in both gaseous and
particle phases. Antibiotic should be sprayed
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during partitioning to avoid biodegradation, and
obtain better lipid leaf/air partition coefficients and
hence better prediction. This method can be applied
to compounds with similar physicochemical
properties as PAHs, i.e. PCBs, PCDDs/Fs.
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