CHAPTER IV

RESULTS AND DISCUSSION

4.1 Method evaluation

4.1.1 Calibration curves V :

Calibration c¢

water were determined as

o —
following.

A 300 ml of d gradually into 2 g of leaf
samples in a crucible. Als e al star ] as spiked. The leaf samples
were then proceeded for le § ad detailec ,\o 3.3.1 and 3.4. For water
samples, the standard sol L 'of deionized water and added 500
ul of internal standard, th entrate to final volume 1 ml. PAH
standard of leaf and water s f""‘(’ ' = procedures was injected in three
replicates onto the GC/FID columiutide ed conditions.

The calibration ¢ S constructed by plotting the

[
area ratio between PAH*peak area and internal standard eak area against spiked

concentration of ﬁﬂﬂﬁm ﬂfﬂﬁqﬂ! n curves for leaf
samples and wate di egressxon equations
obtained from the callbratlon curves dfe shown inBable 4-1 and Table 4-2. These

cttraionuy e 3ok W bl bEdh bl Edmouns i

the samples
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Table 4-1 Regression coefficients for the linear regression equations for the

relationships between peak ratio and concentration in leaf samples

PAH Slope intercept r
1. NAP 0.17 -47.27 0.78
2. ACY 0.23 -0.93 0.73
3.ACE 0.28 -7.27 0.91
4. FLU 0.33 ) -4.00 0.86
5. PHE A\ 0.85
6. ANT 0.78
7. FLA 0.92
8. PYR 0.87
9. BaA 0.91
10. CHR 0.91
11. BbF 0.85
12. BKF Zi 0.82
13. BaP N fEEE . 0.95
14.1p 0T 0.96
15. DbA ) v 0.96
16. BPER :I 389. 0. | 0.95

AULINENINYINS
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Table 4-2 Regression coefficients for the linear regression equations for the

relationships between peak ratio and concentration in water samples

PAH slope intercept r
1. NAP 0.64 -144.98 0.99
2. ACY 0.68 -16.22 0.99
3. ACE , AR5 0.99
4. FLU Vy//ﬂ 0.99
5. PHE — 0.99
6. ANT 0.94
7. FLA 0.99
8. PYR 0.96
9. BaA 0.98
10. CHR 0.96
11. BbF 0.92
12. BKF 0.88
13. BaP 0.94
14. [P 0.93
15. DbA 0.71
16. BPER 0.82

RTReTTERMTINgat

An individual PAH in hexane was injected into GC/FID column under the

optimal condition for five replicates to determine the retention time. The retention

time and standard deviation are shown in Table 4-3.

The detection limit was constructed by plotting three times of standard

deviation values against the area ratio for individual compound. Then the y-intercept

value was used in the calibration curve to determine the concentration of detection
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limit in leaf and water samples. The detection limits of leaf and water samples are

shown in Table 4-4.

Table 4-3 The retention time of 16 PAH

PAH Retention time (min)

1. NAP 5.04 (SD=0.075)

2. ACY

3. ACE

4. FLU

5. PHE

6. ANT

7. FLA

8. PYR

9. BaA

10. CHR

i Y |

12. BKF “|; D =0 ]

o FUE ﬂﬂﬂfﬂ giip)
* """Q TN ?ﬂi‘mﬁ wma g

16. BPER 1 48.83 (SD =0.100)




Table 4-4 The detection limits of 16 PAH in leaf and water samples

PAH Detection limits for leaf | Detection limits for water
analysis (mg/kg) analysis (ug/L)

1. NAP 8.51 20.52
2. ACY 1.47 4.22
3. ACE 7.93
4. FLU 0.54
5. PHE 0.64
6. ANT 0.25
7. FLA 0.51
8. PYR 0.33
9. BaA 0.08
10. CHR 0.04
11. BbF 0.36
12. BKF 0.05
13. BaP 0.09
14. IP ¢a 0.01 Y, 0.05
so {1 YTV E@NTWE T Roa
16. BPER = 9
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The results from Table 4-4 shown that the detection limits in leaf samples
ranged from 0.01 mg/kg for BPER to 8.51 mg/kg for NAP, and in water samples
ranged from 0.005 pg/L for BKF to 20.52 pg/L for NAP. The results found that

detection limit trend to decrease with increasing molucular weight of PAH.
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4.1.3 Recoveries of PAH

The determination of recoveries of PAH compounds in leaf and water
samples were carried out the same way as that from the calibration curves procedure
(section 4.1.1). Recoveries of the compounds were calculated using the amounts of

the compounds found as shown in Figure 4-1
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Figure 4-1 Average percent Fbezﬁ&r "PAH in leaf and water samples

- ‘
The resultsjs! SHown-th Yorecoveries of 1 — = nples ranged from 62% in
BaP to 89% in NAP. The'remaining uding' BaA, BPER, CHR, BbF,

hg
BkF and DbA were found to yleld of 60 to 70% recovery, whereas ACY, ACE, FLU,

PHE, ANT, FLA, FTWP’T?T{E] (ﬁ ’5 W‘EI Hﬂrﬂ)ﬁrecovery
e wAVLRSER AT -
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4.2 Partition coefficients of PAH in the leaf/water system

The experimental values of leaf/water partition coefficients (K w) and leaf
lipid/water partition coefficients (K. Lw) were calculated, by using the results from
leaf/water partitioning experiments. The key role of these experiment was on leaf
lipid basis, so the Ky w was devided by leaf lipid fraction (0.067) which calculated
from percentage of wax in section 3.7.2. The units of K,y and Kiiw were L/kg, then

they were converted to dimensionless by iplying with p;. of 0.75 kg/L and pyy; of

The density o leaf mass (g) divided by

volume of leaf (cm’). Ma / f \
volume of leaves were calgfila z vernia caliper to measure

NN N
3\\?\?‘ pLLi) Was assumed to be

four decimal places and

thickness and area of les

equivalent to the lipid density'o

ﬂ‘lJEl’J‘VIEWIﬁWEI'mi
ammnimumqwmaa
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Table 4-5 Average values of the dimensionless leaf/water partition coefficients

(Kpw) and the leaf lipid/water partition coefficients (Kppw)

PAH Kiw? Kiow® log Kpow
1. NAP 120 1,800 3.26
2. ACY 93 1,400 3.15
3. ACE 3.55
4. FLU 3.55
5. PHE 4.79
6. ANT 4.48
7. FLA 4.10
8. PYR 4.18
9. BaA 3.38
10. CHR 2.92
11. BbF 4.41
12. BKF 5.05
13. BaP 3.59
14. 1P 4.93
15. DbA 2.60
16. BPER 1,100 3.05

e s ENGITNETTS
KV ER bl v ek gl

mass (g)

area of leaf (cm?) x thickness (cm)
0.1072 g

7.22 cm? x 0.0198 cm
0.75 g/em® = 0.75 kg/L
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The experimental log K w in this study were increased from NAP to
ANT as shown in Table 4-5. These log Ky w obtained were correlated with log Kow
and increased with the increasing of molecular weight of PAH. The high values of log
KiLw indicate that high bioaccumulation (WHO, 1998). However, PAH, with MW
higher than 178 (ANT), the log K;,w were not increased consistantly with log Kow.
This can be explained by the properties of PAH. That is extremely hydrophobic
compounds tend to decrease in lipid solubility causing it difficult to measure and

extract from leaves. Some of PAH may alsq lost during the partitioning experiments

due to biodegradation, since leaves ha ' : ! (e aging.

ih.log Kow of 16 PAH gave low

From the plotsS ofdee Kijw w
correlation coefficient (rz =8 .Ti;\:“": Howevere, eXCllIding the
3aA, CHR, BaP, DbA and BPER), a

own in Figure 4-2b.

values of compounds likely sfiSpe

better correlation coefficientsfiredo btained (

AULINENINEINS
PR TUAMINYAE
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log K w = 0.09 log Ko, + 3.36

60
, ¢ =0.02

log K. w

quiiinsninenns .

BIANYIAY
Figure 4-2%“@0';]% ﬂﬁg&ymd the’il?}nea'r regression equations

The leaf lipid/water partition coefficients (Ki,w) can be compared with
the fish/water partition coefficients (log Kgw), which has similar system with leaf
lipid/water system (Table 4-6). Apparently most of log Krw values are lower than that

of log Ky w. Due to higher metabolization of PAH in fish than in leaf lipid.
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Table 4-6 Comparison of leaf lipid/water partition coefficients (K w) with

fish/water partition coefficients (Kgw)

PAH log Kiw

lOg KLLW in this

study

9;

. NAP

.ACY

. ACE

. FLU

. PHE

. ANT

. FLA

. PYR

BaA

10. CHR

11. BbF

12. BKF

13. BaP

14. 1P

15. DbA

16. BPER

3.26 2.50

Source: ~ WHO, 1998 4

N3
ARIAANTUAMINYAE
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4.3 Partition coefficients of PAH in the leaf/air system (K A)

The main uptake of hydrophobic compounds by plant leaves involves a
partitioning process between the leaf and the surrounding media (Simonich and Hites,
1994) and lipid is the key role for this process. This is evident from several studies
that the plant/air partition coefficient of a hydrophobic compound correlate with the
quotient of lipid in the plants (Bakker et al., 2000).

Partition coefficients for the lea{/uf system were calculated as follow:

Kia 4.1
From Equation l¢6 and I'Z Subs ing Cy \»\“ th Kiw and converting H
to dimensionless a factor of 2.35kPan "~,~ I'(Muiler et al., 1994) was used,
then
Kiix (4.2)
Kiia (4.3)

ﬂ‘IJEI’J'VIEWlﬁWEI’]ﬂ‘i
Qﬂﬂaﬂﬂ‘imuﬁﬂﬂmaﬂ
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Table 4-7 Average values of the dimensionless leaf lipid/air partition coefficients

(Kipa) in this study

PAH KLLA lOg KLLA

1. NAP 96x10° 4.98
2. ACY

3. ACE

4. FLU

5. PHE

6. ANT

7. FLA

8. PYR

9. BaA

10. CHR

11. BbF

12. BKF

13. BaP

14. IP

15. DbA ¢ £290 x10° v

o AIUY ANANTNENNS
AR UUBRIANLAA Horr e

(as shown in Table 4-7) and correlated with log Koa from the literature. But log Kiia

of PAH from ANT to BKF were not correlated with log Koa values. This is similar to
the case of log Ki w which were not increased consistantly with log Kow. While
octanol/air system is similar to lipid/air system, the relationship between log Koa and
log KiLa would be expected (Figure 4-3a). The linear regression equations of the
relationships between log K 4 and log Koa from this experiment gave, the slope and

the intercept of 0.99 and —0.84 respectively and r* of 0.51. But if the values of those
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log Kia (ANT, FLA, PYR, BaA, CHR and BbF) were neglected, the correlation

coefficient would increase to 0.86 as shown in Figure 4-3b.

- log K, = 0.99 log K., - 0.84

=051 -~

log K A

12

oo 120

ll i ¥
M1Vl 1)y )41 e
U : .

The slope obtained (0.99)4s consideredsto be close t8/one. In many
experimenahwa ﬁ@ﬂjﬁ%ﬂ-ﬂ%&ﬂ&&a& (Kpa) and
the Koa is a%monstrated, which means that the air-to-plant lipid and air-to-octanol
systems are similar. According to the theory, if the slope of a plot of log Kpa versus
Koa is equal to one, Kpa and Koy are linearly related and the lipid fraction of the plant

behaves as octanol (Bakker et al., 2000).
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Considering of the slope between log K4 and log Ko from this study
and from the literature (as shown tn Table 4-8), plots of log Kpa versus log Koa for a
number of plant species give various slopes. 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) studied the concentration of PCB
in a field pasture and found that the slope amounted to 0.4. While Komp and
McLachlan (1997) and Bohme et al. (1999), studied uptake of SOC in different plant

species and found different slopes ove ies (shown in Table 4-8). According to

AULINENINYINg
ARIAATUAMINYAE
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4.4 Concentrations of PAH in leaf samples (C,)

o1

The results of the concentrations of PAH compounds detected in leaf

samples are shown in Table 4-9

Table 4-9 Concentrations of the PAH in leaf samples (Cy) from four study sites

PAH

Total PAH

AUSA

18RS Y

63.99

Khivli#

0.56

82.46

eaf samples (mg/kg)

w .A an Kh ‘-‘._7 -

WN2Y) 26

Phongphet

Kasemraj

Nt

ND
6.39
26.55
13.03
15.12
152
1199
3.23
1.45
0.67
0.50
0.01
ND
ND
0.24
0.01

70.71

Note : ND = Non detectable
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From Table 4-9 ACE is dominant in leaves from all four sites (26.12 -
26.81 mg/kg), followed by FLU and PHE (12.83 - 19.67 and 13.64 - 15.12 mg/kg),
respectively. While the concentration of PAH in leaf samples with higher molecular
weight 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 Patumwan, Saphan Khwai, Phongphet and Kasemraj,
respectively). The data indicates that most of the PAH, which found in orange jasmine

leaves was taken up by absorption from the vapor phase (Nakajima et. al., 1995).

Total concentrations of PAH in leaf sy which collected from four study sites
were shown in Figure 4-4, and it at Saphan Khwai was the highest
(82.46 mg/kg), while Kase ho&gp llghtly difference (70.71 and

65.59 mg/kg, respectively). W iderably the lowest (63.99

mg/kg). This indicates

leaf samples may vary

according to the influencgd®f waffig' densi affic.y e) since vehicle exhaust

commercial buildings, ially.-has- high wraffic volume and traffic jam.

However, plot of total PA]

o)
ﬁ Total PAH (mg/kg)

Patumwan Saphan Khwai Phongphet Kasemraj

Study Sites

Figure 4-4 Total PAH in leaves collected from four sites in Bangkok
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Figure 4-5 Plots of total &sus traffic volume
From the con entra amples (Table 4-8), the
concentration of PAH in#fai ! scribed as calculated air

concentration, Caca) using Edua

Cacal = 1 fmg/keg : \ sionless) (4.4)

A units of Cacq from above ; : oy mutiplying with air density
of 1.19x10° mg/m’ (at 25°C) (Simg) Gy and | 094).
4.5 Comparison of th el i ; f-""
| |
The potential of leaves as bioindicator of atmospheric PAH, could be

stuied by compfitelefhicldh A bbb b rom te orane

jasmine leaves and ‘the concentrations of atmosphen PAH which cgllected from the

e GV AREABATR B o

(described a§ measured air concentration, Cames) in this study were obtained from

¢ PAH

Benjalak Karnchanasest, 2003. The comparison of calculated and measured air

concentrations (Caca and Cames) are shown in Table 4-10
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Table 4-10 Calculated (Caca, ng/m3) and measured (Canpea, ng/m3) atmospheric

PAH
PAH Patumwan Saphan Khwai Phongphet Kasemraj
Cacal Camea Cacal Camea Cacal Camea Cacal Camea
1. NAP ND ND ND ND ND ND ND ND
2. ACY 14.44 13.05 15.29 16.8 13.47 15.57 19.06 19.86
3.ACE 47.41 13.05 : 97 47.65 15.52 48.2 16.76
4. FLU 14.81 6.4 21,98 14.33 7.63 14.56 8.37
5. PHE 0.84 "1 L. .8 0.87 7.41 0.93 12.36
6. ANT 0.11 . 0.24 1.95 0.19 0.93
7. FLA 0.58 ; 483 0.63 0.55 0.69 1.16
8. PYR 0.67 5 . 0.72 0.47 0.92 1.66
9. BaA 0.28 - j ﬁL 0.5 0.22 2.91 2.67
10. CHR 1.43 0 AUsLe 1.23 0.10 4.3 0.13
11. BbF 0.15 0.30% 5 0.22 0.29 0.29 2.82
12. BKF ND 0.03 7:;? ND ND | 4.52x10™"° 0.69
13.BaP | 2.66x10” L — = 0’ 0.04 ND 0.06
14. IP 0.25 ND 0.26
15. DbA 0.49 | 4.94x107 0.44
16. BPER | 0.003 | 8.86x10” ND
From Table 4-10, there are®only 10 PAHEboth in the lea%és and in the air

AL A XK Ea bt VK VLT TaTAX /i EY AT

their calcula‘!ed concentrations are shown in Figure 4-6, and the linear regression

equations are shown in Table 4-11.
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Figure 4-6 Plots of Cxcai versus Cymea and the linear regression equations
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Figure 4-6 Plots of Caca1 versus Came, and the linear regression equations

(continued)
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Table 4-11 Slope and correlation coefficients of plot of Cacq versus Cames

PAH Slope intercept r
2. ACY 0.73 3.68 0:71
3. ACE 0.19 44.88 0.94
4. FLU 1.81 1.44 0.77
5. PHE 0.01 0.79 0.76
6. ANT 0.86
7. FLA 0.60
8. PYR 0.53
9. BaA 0.51
10. CHR 0.54
11. BbF .51
From Table 4- ) of relationships between
calculated and measured PAH i theair was : 2 ly jown good linear relationships

* > 0.70, p-value = 0.028) for *é-'r—“éu lower MW PAH were relatively

high vapor pressure and mo hile the concentration of

higher MW PAH whish=mostliy occured in sarticutate :' have low correlation
coefficient (r’~ 0.5, p-valig S e@ to reflect the difference
in vapor pressure based ofi molecular weight. Plant leaveS are presumed to take up

PAH in the atmo ‘ﬁ f oulate matter (SPM)
onto leaves withmbﬂn ﬂﬂxﬂt ﬂmm attached SPM or
adsorption onto leaves of vapor phase PAH. The p ia into the leaf
is negligib ﬁaﬁe&ﬂ@imuuﬁﬁﬁﬂﬁ ﬁfﬂ distance in

plant tissue,qas reported by many investigators (Nakajima et al., 1995; Kylin et al.,
1994). Particle phase PAH may be subjected to washoff and windblow, whereas this
may not apply for gas phase PAH taken up by adsorption/absorption by the plant

cuticle (Smith, Thomas and Jones, 2001).
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