CHAPTER 11

LITERATURE REVIEW

2.1 Polycyclic Aromatic Hydrocarbons (PAH)

PAH are ubiquitous nment. They consist in three or

more fused benzene rings in li gement. PAH are member of
a group of organic pollutan ironment concern due to the
following characteristics; arcinogenicity, microbial

recalcitrance and high bioz a Boonyatumanond, 1999)

As pure chemical fegs :as eolourless or white or pale yellow-
green solids. Most PAH do'no ofie 1 i r vironment (including those found at
hazardous waste sites), rathe
1990). They can occur in the air eithe ‘ ached “dust particles or in soil or sediment
(WHO, 1998). Moreover they : -
chemicals in the air, over.d ys to weeks £Somporr : Alantara, 2000). PAH enter

1

in water, therefore, they stick t6 solid particles and settle to

with sunlight and other

water through discharges T ent plants. However, most

of them do not dissolve ea.

the bottoms of lake ﬂﬁ ﬂmﬁ Wﬂik tightly to particles
certain PAH move il 1nat r. After a period of
weeks or months, mlcroorgamsms can br&e d01Wﬁ l:_lidlijn vsgllﬁ ’\y]atfab(gf SDR, 1990)
In the environment, human are exposed to gaseous PAH and PAH attached on
dust and other particles in the air. PAH have been found in the USA. The background

levels of PAH in the air were reported to be 0.02-12 mg/m® in rural areas and

0.15-19.3 mg/m’ in urban areas (ATSDR, 1990).



US.EPA has identified 16 unsubstituted PAH as priority pollutants as shown in
Figure 2-1.
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Figure 2-1 Molecular structure of 16 PAH considered by US.EPA as priority

ibenzo(a,h)anthracene
M=278 g/mol

pollutants
Source: ATSDR, 1990



2.1.1 Sources of Atmospheric PAH

PAH are recognized as carcinogens more than 50 years ago, such as BaP and
DbA (ATSDR, 1990; WHO, 1998). The acivity and the level of activity is likely to depend
upon molecular structure (Ruchaya Boonyatumanond, 1999). The presence of PAH in the

environment is obviously concerned. Apart from specific occupational environment,

detemined by identification
of PAH characteristics. P ¢ ‘ ese of highumolecular mass, entering the
environment via the atmosphé orbed onto particulate matter (WHO, 1998). The
hydrosphere and geosphere e “se { idari /by, wet.and dry deposition. Creosote

into the geosphere (WHO, 1 available on the passage of PAH

into the biosphere. PAH occur fa lighite, coal and crude oil. Most of the
PAH in hard coals are tightly bqu@h the H al-structure and cannot be leached out

(WHO, 1998). A

Part of the PAD in the atmosphere arises fronﬂatural combustion such as

forest fires, volcanic eruptiorf, §ediment diagno d_biological conversion of biogenic
precursors (Hathai w&,mﬁﬁjﬂﬂﬁfﬁj of PAH result from
incomplete combustig'!l of organic materials during industrial processesrand other human
activities (‘@(W@M ﬁlwgd %q I%tl%%l;(l}xa %llicle exhausts,
agricultural birning are the predominant sources in urbah areas. The anthropogenic
sources of PAH can be divided into immoblie and mobile categories (Hathairatana
Garivait, 1999). The major contributors of immobile category encompass a wide variety of

combustion processes including residential heating, industrial activities, incineration and

power generation. The amount of PAH produced and released to the atmosphere from all



those sources varies greatly and is dependent on factors such as fuel type, combustion

conditions and emission control measures.-(Ruchaya Boonyatumanond, 1999)

Coal and crude oils contain PAH in considerable concentrations owing to
diagenetic formation in fossil fuels. The main PAH produced commercially are NAP,
ACE, ANT, PHE, FLA, and PYR. The release of PAH during production and processing,
predominantly of plasticizers, dyes, and pigments, is of only minor importance. Most PAH
enter the environment via the atmog; i &lie combustion processes, such as

d mineral oil), fires (forest and

eographical areas, forest fires
ironment. (WHO, 1998)

agriculture), vehicle traffic,

and volcanoes are the mai

According to théir pert es, BA I are found in the atmospheric in two

forms: sorbed on suspended and ¢ (Hathairatana Garivait, 1999).

Individual PAH differ substantiallyii chemical properties. In overall
the low molecular weight PA alkylated derivatives, are more
volatile, water soluble 1lic than their high-moleCular weight relatives. These
physical and chemical prop rties | fental behaviour of PAH.

The physi j % ed by the conjugated
electron systems hj ﬁ?‘l ﬂij wﬁ:}iﬁ?rmgs and molecular
mass, giving rise to a more or less wide range of values for each parameter within the
whole classQAWfr}xaﬂaﬂ ﬁ ad M}%’-} %M&l{a a@ The general
characteristics'common to the class have high melting and boiling point, low vapor

pressure, and very low solubility in water. PAH are soluble in many organic solvents and
are highly lipophilic. (WHO, 1998) '



Vapor pressure of PAH tend to decrease with increasing molecular mass,
varying by more than 10 orders of magnitude. This characteristic affects the adsorption of
individual PAH onto particulate matter in the atmosphere and their retention on particulate
matter during sampling on filters. Vapor pressure increases markedly with ambient
temperature, which additionally affects the distribution coefficients between gaseous and
particulate phases. Solubility in water tends to decreases with increasing molecular mass.

(WHO, 1998)

PAH are chemically_inert ¢ mpou& they react, they undergo two

types of reaction; electrophili - tion WHO, 1998). As the latter
\ it

destroys the aromatic characte affected, PAH tend to form

derivatives by the former rez 'd by elimination, resulting in
net substitution (WHO, 1998

Table 2-1.

\\w

~ pertles of PAH are shown in

ﬂ‘IJEl’J'ﬂEWﬁWEI']ﬂ‘i
QW']&Nﬂ‘iﬂJNWTJﬂEﬂaEI



Table 2-1 Physical and chemical properties of the typical atmospheric PAH

10

S H VP
Mp. Bp. log Ko, at 25°C
PAH MW (at 25°C) (at 25°C) log K,w (Beyer et al., (at 25°C)
°C) | (0O
(ne/) (Pam’mol™ ) 000 (Pa)
NAP 128.2 81| 218 3.17x10° 44.6 3.40 5.13 10.4
ACY 1522 92 6.47 8.9x10™!
ACE 154.2 95 6.23 2.9x10™
FLU 1662 | 116 6.68 8.0x10?
PHE 1782 | 101 7.45 6.9x10™
ANT 1782 | 217 7.34 8.0x10™
FLA 2023 | 109 8.60 1.2x10°
PYR 2023 | 150 8.61 6.0x10™
BaA 2283 | 161 9.54 2.8x10°
CHR 2283 | 254 10.44 8.4x10°
BbF 2523 | 168 - 6.7x10°
BKF 2523 | 216 11.19 1.3x10*
BaP 2523 | 178 10.77 7.3x107
P 2763 | 164 - 1.310°
DbA 2784 | 267 | S246l e 0S5 Qs 1391 | 6.50 s 1.3x10°®
BPER 276.3 ﬂ tusﬁl ’J qn)&]ﬂjw E ']ﬂﬁ 11.02 1.4x10°®

T wﬂoﬁ? AINIUNRIINYIAY

. Ru haya Boonyatumanond, 1999
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2.2 Characteristic of plant leaves
2.2.1 Structure of leaves

The plant leaves usually compose with 3 layers, which are epidermis,

mesophyll, and veins (as show in Figure2-2). (Moore et al., 1995; Raven, Evert and

Eichhorn, 1986) ‘ ' ’
upper SO /

“*-..: = she

palisade
parench

lower,
epidermis * cuticle

rd stoma
chloroplasts

Figure 2-2 The structure

Source: Moore et algl 99

L= L
mhe epfiid i Y AR Beb el nogens, nrbivores,

etc. It usually has ofié layer thick over uopper and lower leaf surfaces. It mostly produces

=Y /s
waxy cuticl€; WNILWQTTﬁw ﬁwﬁ‘i?ﬁq emifTﬁnE.] The cuticular
membrane is described as'an extra-cellular physiological compartment that mainly consists

of soluble waxes and insoluble polymers referred to as cutin (Muller, Hawker and Connell,
1994). Therefore it is convenient to treat the cuticular membrane separate to the cellular
lipids. The cells in this layer are lacked of chloroplasts and may have hairs (trichomes) for

protection. The stomata regulated by guard cells may be found in either (or both) upper
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and lower epidermis. Guard cells regulate water loss and gas exchange by regulating

opening and closing of the stomata. (Moore et al., 1995)

The mesophyll (middle leaf) includes the major photosynthetic tissues that
are palisade parenchyma and spongy parenchyma. Palisade parenchyma is found beneath
the upper epidermis in dicots packed with chloroplasts. It may have one or more cell layers

thick, depending on plant. Spongy parenchyma, is found in both monocots and dicots, in

dicots. It will be found below the palisade I rms large air spaces to provides the
storage for carbon dioxide, oxyge 3 e surface area for absorption of

The veins co e xylem and phloem in leaves is

continuous with xylem, phlo ver in monocots), xylem and
phloem may be surround called bundle sheath. The bundle
sheath cells are usually fi ter or drier environments, they
sequester xylem and phloem es, W « caused the reducing of water
loss and they also play a role in oore et al., 1995)

2.2.2 Murrayay

The selected ts, Murraya paniculata (Lm Jack (orange jasmine) is

classified as Rutaceae familygwhich is in the same family of lime (Citrus aurantifolia). It

oot e 8 L A3 Bl o s 15

hardy evergreen shrub with glossy greenoleaves which &ave glandularwnctate to produce
v 1 RAR ARG YT AT By s
position to flawer but will tolerate part shade. Enjoys fertile soil for rapid growth. It is

mostly planted along the roadside, and can grow in a wide range of dry to wet sites.

It has alternated obovate leaf arrangement with odd-pinnately compound type.
The leaf blade length is less than 2 inches. The small red berries appear throughout much

of the year and attractive to birds. The shrub is well-suited to shearing into a formal hedge
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or screen and can take on a boxwood-like effect in a formal garden. However, it had rapid
growth rate while plants are young assures that numerous shearings will be needed

throughout the growing season.

Figure 2-3 Murraya paniculata

Source: The Royal Inst1

223 Composiﬂn of leaves

Leaves %uﬂog mvﬂam jnﬂﬂsllgnjof plants. The most
importance of their functions is absorbifig sunlight fén photosynthesi’ To do this, they
st b O b Wb Vo (i 19 £

q

Leaves consist of various phases including intercellular air, water, lipids,
structural carbohydrates, and proteins (Muller et al., 1994). Each of these phases has
characteristic physicochemical properties. The cuticular membrane mainly consists of
soluble waxes and insoluble polymers referred to as cutin. Therefore it is convenient to

treat the cuticular membrane separate to the cellular lipids.
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The outermost layer (cuticle) of leaves that comprise the waxes, called
cuticular wax. Waxes are complex mixtures of fatty acids linked to long — chain alcohols.
This mixture also contains free fatty acids, fatty acids with hydroxylgroups, and long-
chain hydrocarbons. Waxes are usually harder and more water-repellent than other fats.
Cuticular wax is also assosiated with cutin, another waxy substance, which makes up most

of the cuticle. Cutin consists of a variety of hydroxylated fatty acids link together.(Moore,

1995) ’ ,”
2.3 Partitioning of SOC in t@ /

2.3.1 Pathwa

Deposition of agfios g BN 3 curs via several pathways.
Because PAH partition be particles, a major division
can be made between gases parti -\ »\u 10n. Since the solubility of the
hydrophobic PAH is very lov ' \ '\ recipitation, wet deposition of
gases is of minor importance. Gompounds ' a nospheric particles can reach the
plant surface by both dry and wet depos e of compounds that are 'volatilized
from highly contaminated §c 10ther pathw particularly. in more basal aerial plant
parts. Also, contammate 7 fire ‘
wind or splash. (Bakker et “ 2000)

e el BT BT TIN5 o or it

bound, to plant leavea'lnvolves three stepgras shown in gure 2-4.

ARIANN I Wﬂ’)'ﬂﬁﬂﬂ e

ly to the plant surface by
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Step 1: transport through turbulent air zone

turbulent air

zone X
©

laminar air
boundary layer <

leaf surface

the deposition process of

hydrophobic oxga phun  f e atmosphere to a leaf

First, the contaminan ;.. port from the (turbulent) atmosphere to the

laminar air boundary layer surrounding the leaf ntlys-the contaminant has to be

carried across the -lhimuw".— ------- - In this | S'parallel to the leaf surface.
The final step in the uptaﬁ proe . otmxe compound with the leaf

surface. Deposited partlcles may simply adhere to the leaf surface, react with it

chemically, or bo ﬂ ﬁ ﬂﬁﬁﬁ rd step comprises the
adsorption to the sWe or diffusion in the cuticle (Schreiber and Schonherr 1992).

ﬁﬂfélﬁ,iﬁyim SR e

of the compound (such as vapor pressure, hydrophobicity, molecular weight),

(2) environmental characteristics (temperature, wind) and (3) plant characteristics (surface

area, lipid content and composition, architecture of the plant). (Paterson et al., 1990)
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The particle-bound fraction of PAH in the atmosphere depends on the ambient
temperature, the available particle surface and the compound’s volatility. The compound’s
Koa to govern the gas-particle distribution, with high Koa values favoring high particle-
bound fractions. (Bakker et al., 2000)

PAH may be transferred from the deposited particles to the cuticle, which has
been studied with wash-off experime shing of lettuce with water removed a
PAH, but little of the small PAH

AH was sorbed in the cuticle
" —
(Bakker et al., 2000). In cont n: lize leaves.with aqueous solutions could only

considerable amount of the high

phenanthrene, indicating that

extract a minor part of the hi £ r}-f-‘m‘*i:‘hl~ . the compounds were desorbed

from the particles or that th i e-encapsulate d in the cuticle (Kaupp, 1996 cited
in Bakker et al., 2000). =

The uptake of
between the atmosphere and

¢ diffusion of the compounds
¢ €uticle is an extracellular, non-

living, lipid layer which forms the atmosphere and the plant and

protects the plant from desiccation and fr nd insect attack, as shown in Figure

2-5 (Bakker et al., 2000) § ] by the presence of two specific classes
% =t il X

cuticular membrane (intracuficular waxes) and lying across&e surface of the membrane

of lipids: soluble waxes occur embedded in the

(epicuticular waxes). Waxesfcensist of compléx’ mixtures of long-chain aliphatic and

cyclic componentﬂiu.\ﬂxglgpmﬂ mcﬁom &éﬂﬂe rs, fatty acids and

triterpenoids. The cuﬂcular is not homogeneous, but gomposed of a gumber of layer of

which the @W@Wﬁﬁw tgjpwe’q é% i g ﬁ}lﬂaxﬁjenvimnmemal

conditions. (Békker et al., 2000)
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4—— epicuticular wax

= <—— lamallae of cutin and wax
cuticle < - == {cutide proper)
= D <= 44— cutinized wall

o2 % embedded wax
4—— pectin layer

epidermal cells

_ ant. They will prefer to enter

the cuticle, hence the contrib the ill be negligible to that of the

' ' ; idence that the cuticle extends

farther along the cell wall that from &5-;}; de nal bor
e y

even after entering the stp‘hata, SOC can stllfbgm _nternal cuticular waxes.

dary of the substomatal cavity. So,

2.3.2 PAH and‘aant eav

raor 465 YURE PRI o 1 e

particle-bound depoSition. Once deposhted to the leaves or stemsdf the plant, the
compound ﬂ ﬂ ﬁ:i W?ﬂﬁgﬁq IWEII(] ﬁ E’nch forms the
interface betwqent e atmosphere and the t. (Bakker et al., 2000)

Higher plant leaves, as well as lichens, mosses, and grasses, constitute an
important environmental compartment, in which the bioconcentration of trace organic
chemicals can occur. Among the three main pathways for the uptake of organics in plant

leaves (1) Translocation from contaminated soil via roots. (2) Atmospheric deposition of
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contaminated particulates and (3) vapor intake from the air. The air to leaves transfer of
gaseous organics can be considered a key process, particularly for less water soluble

compounds. (Bacci Eros et al., 1990)

Several studies have shown that partitioning from the soil into vegetation

does not occur to a great extent for lipophilic SOC (Simonich and Hites, 1994; Nakajima

etal., 1995). Same as the study of Granieriand vreuil (1992), used tree leaves from the
plane tree Plantanus vulgaris as-bioindical ial organochlorines. Plants absorb
PCB mainly from the surround &rom the roots. And root uptake

ant for substances with log

followed by translocation
octanol/water partitioning than 3 (i'*-» imvall and Ostman, 1994).
The study conc and accumulation in the
to accumulate in moss, in tree

d McLachlan, 1994).

terrestrial environment. Thes ‘
bark and particularly in the Teay, | ai

“J’"'J'
Ji]’ﬂrﬂ"\ !'

""'f g

Thomas (1984), studied./thé =

of PAH, chlorinated hydrocarbons

and trace metals in moss (Hypnum- ope and found that mosses were

suitable for monitoring the'e ; i, BHCARd PAH. The results showed a
. \.

Fi
clear PAH concentration 4« dient in gh in the industrial centers in

middle Europe and low i orthem Europe. The content o uoranthene (1.0 ng/g) and

benzoperylene (0.6 ﬁ % as background levels.
While in Thailand, ﬁrﬂ (ﬁsﬂlﬁﬂe uita fjiﬂ dicator for air quality
concerning PAH in hlang Mai City. Epiphytic lickens, leaves, bark of mango trees
(vangiera Ao ok bdgled o Ao b 4 i v s
bioindicator. After a systematic investigation upon analyzing for PAH in all sample types,
the bark of mango trees was found to be the suitable indicator for monitoring levels of
PAH and construct an air quality map. The results obtained from the summation of the

concentrations (dry weight) of 16 PAH found in bark samples were in the range 20.8-
162.2 ng/g and 8.1-205.4 ng/g.
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Kylin, Grimvall and Ostman (1994), have used Pine needles Scot pine (Pinus
sylvestris) as passive samplers for monitoring polychlorinated biphenyls (PCB) to
mapping the distribution of organochlorine compounds in Europe. They analyzed pine
needle wax from the central and northern parts of Europe and found that high
concentrations of PCB were found in Western Germany 47 ng/g of wax as compared to

the other investigated geographical sites 4-7 ng/g of wax.

For the seasonal chan ons of PAH, Nakajima et al. (1995)
studied perylene, BaP and : A in the atmosphere (measured
ed at two sites with different

nd in leaves (PAH-lev) and

separately, in the vapor an
traffic conditions in Toky

in suspended particulate m per and increase in winter.

2.3.3 Factor infl ihg system

2.3.3.1 Temperature

Temperature and environmental parameters. Under
equilibrium conditions, . t&n gre _has a8 larse IRfIIEReC"9n air to plant partition
mperature nas a ial x

coefficient (Kpa). Because'o ‘ hich plant concentrations

adjust to new situations can be different sites. Wind cari*increase the transfer of the

chemical from the aﬁﬂﬂ aE] mmﬁﬁ.l!ﬁu ce and decreasing the
thickness of the lami d th, pértant role of the wind,
although the effect o?wind on uptake rate has never been studied diréctly. (Bakker et al.,

o0 ARIANAIUNATINETRE

The partitioning process between air and leaf is expected to be dependent on
the ambient temperature. This means, as the ambient temperature decreases, partitioning to
leaf increases. (Bakker et al., 2000)
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2.3.3.2 Lipid content

Difference in accumulation in many plants results from the lipid content of the
species. The influence of different lipid content in different part of a plant (bark, needle,
seed, leaf) has been observed (Simonich and Hites, 1994). The extractable lipid content
may not represent the actual storage volume, as SOC may also accumulate in non-

extractable lipid material, such as cutin. ther hand, SOC may not have reached the

ontent. Jn practice, however, this
Lal., 200 cguilibrium conditions, the large

in jsome pla aay be explained by the amount

LS
] Y

internal lipids, but these are inclu

factor is difficult to estimate (

differences between PAH ¢

and composition of the lipi the presence of certain wax

components to the stroage
2.3.3.3 Growth dil

The large difference /SOC concentrations in pine needles and

lichens in Norway, it was sugg -_’{’n '; ce in plant age (2 years for the pine

needles and 25-50 years for the licher "“'%q. la e (Ockenden et al., 1998). SOC in

‘I’. Lo (0

air of a few decades agorwere hikely higher than those ineoniemporary air. Hence, the
—— 1..
older lichens may have beép, 2 ":' oncentrarions of PCB, and

are now releasing the comp 1[ ds very slowly (Ockenden et a % 1998).

In caseﬂhu &L’lm&m ﬁeﬂmqﬂ}jage of the leaves and

the plant archltecture have been shows to be keymfactors in determining the PAH

s AR 4N T UAT VTR
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2.3.3.4 Degradation
- Photodegradation

PAH are photodegraded in air by two processes: direct photolysis by light with

a wavelength <290 nm and indirect photolysisby least one oxidizing agent such as OH, O,

and NO; in air. In general, liotolysis-photooxidation- is the more

importantprocess. The reaction rates e OH radicals measured under
standard conditions, which shoWs'that the calculafe *ves are one day or less. Under
. those with more aromatic

\?\\Q\‘*\\ sreduces the degradation rate

environment conditions, P
rings, are almost complete
markedly. (WHO, 1998)

ence of sunlight. PAH did not

2aso ine exhaust did not degrade

The degradation
react significantly with SO;. P
outhern latitudes owing to low
of 20 °C, the half-lives of individual

PAH were in the range of 30-60-rmin. - ation rate increased further with

significantly during winter i

, ., . -
temperatures. In summer, however, dta 't

increasing humidity. The #ate of de: oradation of absorbed { ' vidual PAH seen: to be

: endent on their molecular

independent of their phy 1C0( e
‘ ']

structure (WHO, 1998).

ﬂumwﬁmwmm
QW’W&NﬂiﬂJ AN Y
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- Biodegradation

PAH can be biodegraded or biotransformed by microorganisms such as yeast,
fungi and bacteria. The PAH with up to four aromatic rings are biodegradable under
aerobic conditions but that the biodegradation rate of PAH with more aromatic rings is
very low. Biog\degradation under anaerobic conditions is slow for all components (WHO,

1998). Algae have been reported to degrade benzo(a)pyrene to oxides, peroxides, and

dihydroxydiols. Owing to the high bi sforma te, the concentrations of PAH in
organisms and water are usually*not i steac édissolved PAH may be rapidly

degraded under natural condi wavailable and the turnover rates
are fairly high. For examplg adation\of acenaphthiene. with the concentration of 5
and 10 mg/l PAH at 25°C ané ® sig \ " gradation with rapid adaptation of

100% degradation after 7 da _

9
U
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