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Abstract

ABSTRACT

Polycyclic Aromatic Hydrocarbons (PAHs) are unique class of organic pollutants
containing two or more fused aromatic rings, which are toxic and potential carcinogens.
They are extensively studied compounds and their occurrence has been reported from
various places over the world which indicates their ubiquitous nature in our environment.
USEPA has already listed 16PAHs [naphthalene, acenaphthylene, acenaphthene, fluorene,
phenanthrene, anthracene, fluoranthene, pyrene, benzo(a)anthracene, chrysene,
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, dibenzo(a,h)anthracene,
benzo(g,h,i)perylene and Indeno(1,2,3-c.d)pyrene] as most priority ones to be analysed in

various environmental matrices.

Main objectives of our work are 1) to ascertain the seasonal variability in the
concentrations of 16 priority PAHSs in atmospheric bulk deposition, 2) Source apportionment
of PAHs in different matrices using marker compounds, 3) to study relationship of PAHs
with carbon and some heavy metals such as Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn and 4) to
establish association of PAHs signatures in bulk deposition to PAHs signatures in soil, street

dust, river water and sediment.

Our study area was Guwabhati city of northeastern India. Bulk deposition, soil and
street dust sampling was carried out in five sampling locations selected based on their
landuse pattem (industrial site, commercial site, institutional site, residential site and forest
site). River water and bank sediment samples were collected from Bharalu River which
passes through the urban stretch of Guwahati. The sampling sites were selected based on the

various anthropogenic activities in the surrounding area of the river.

Bulk deposition samples were collected through a stainless steel funnel with surface
area of 0.11m% Samplers were open for both dry and wet deposition for a period of about
one month during February 2011 to February 2012. Triplicate of the samplers were placed at
five selected sites at an average height o{f/] m, in addition to which a field blank sampler was

I



Abstract

also placed. Soil and street dust samples wete collected seasonally during monsoon, post-
monsoon and pre-monsoon. Five samples were collected from each site covering the entire
area, pooled and homogenized by coning and quartering to make a composite sample. River
.water and bank sediment samples were.collected diring ‘post-monsoon and pre-monsoon
season: Three river-sediment samples were collected:from each locationwithin a:di_stance'of
JAkm. Triplicate sediment samples were pooled homogenized! by,coning.and_quartering:to*
make composite sample.,
Bulk deposmon samples were extracted b by ozrg’a!ni'c“ ‘éqﬁééu‘s phalse extractron meti)od
o5 < ey oM

as recommended by Olllvon et al, [1] Sorl and street dust samples were extracted through

o

.
v

Rivei water samples weié éxtracted through hqurd quurd ‘extraction ‘method” [4] “All the
extracted samples were chromatographically clean-up acco’rdmg 'to “the " method
recommended; by. USEPA [5]. Finally samples were analysed in HPLC equipped with UV
r[6]' N

%,

'Ofganic carbon’ (OC) was analyséd in TOC arria'fyser eqﬁit’):ﬁed with NDIR detector’
[Analytrkjena, multi N/C- HT1300 (sohd samples)‘ arid’ HT 2100 (quurd samples)] ‘Black”
carbon (BC) concentratron was determined by thermochemrcal oxrdatron method (CTO 375)
as put forwarded by Gustafsson et al. [7], 1997. Heavy metals aﬁalysis was done il ICP-OES”
\(I_Jerkir} El(mer O,Ptim'f‘ 21 00 PV). .

" 'SPAHS concentrafion in’ bullltf"deﬁos'iti‘ouwiv@re zrange’d''be”tv(/eejr‘{“'2'.2ng';"/'ml ‘and
1035ng/ml with-mean value’of 712140ng/mt."Whereas benzo(ajpyretie concentrdtion wete '
tanged from BDL:5 6ng/nil ‘with mean 'of'0.2409ng/ml. The maximuri concéniratichs' 6
TPAHs and BaP were observed-to be on highef sidé than many industrial citie$' 6ver the'!
world. Total PAHs concentration was fourid'to' bé'contributed mainly by ‘LMWPAHS (16w /
r‘rrolfec,ul:axr1 \yeight)_ wjrth high'dom,inaqce‘ ,olfw:2§ar_1‘d‘4b—4duglzl?AHs which, cou}d ’b‘e due fo their
high water solubility. Seasonal variatiorrs oﬁ PAHs conceptrations were also obseryed and,
maxrmum concentratrons  were, detected durmg dry} season of the year Preva:lmg

atmosphenc condrtron with low wmd actrvrty, subsrdence state and mversron condmon as.,

‘o JO IS LR LI . - PR STaa PN
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Abstract

evident from the vertical temperature profile is attributed as possible cause for high PAHs
accumulation during dry season. PAH scavenging was found to be affected by various
meteorological parameters such as temperature, relative humidity, wind speed and wind
direction. Temperature and relative humidity were found to influence mainly the dispersion
of LMW PAHs. Toxic equivalency factors (TEFs) of PAHs were estimated to determine
carcinogenic potential of individual PAH relative to BaP as BaPeq [Benzo(a)pyrene
equivalent] concentration. Mean BaPeq concentration of ) PAHs was found to be maximum
at industrial site (4.6+10ng/ml) which was 11.5 times higher than forest site (0.4+0.5ng/ml).
Moreover, the exposure risk was observed to be maximum during dry season. Source
emission signatures also showed seasonality for the study period. Diagnostic ratios of the
PAHs favoured for pyrogenic origin. Two sources were identified and quantified by PCA-
MLR (Principal Component Analysis Multiple Linear Regression). Source 1 represented
mixed inputs from diesel, coal and wood combustion and source 2 from gasoline vehicles.
Source contributions estimated by the model were found to ~ 90% and ~10% for source 1

and 2 respectively.

Mean concentrations of ) PAHs (USEPA 16) in soil samples were found to be
5570.7£7830ng/gm (799.7-19492ng/gm), 19292.1+19932ng/gm ((1271.4-51299.7ng/gm)
and 9052.3+11508 ng/gm (1639.7-29492ng/gm) during monsoon, post-monsoosn and pre-
monsoon season respectively. PAHs profile was found to be dominated by 2- and 4-ring
PAHs which could be attributed to multi-hop nature of LMWPAHs with continuous cycle of
atmospheric deposition and re-suspension. Mean BaPeq concentration of 3} PAHs was found
to be maximum (557+828ng BaPq /gm) during pre-monsoon season with high exposure risk.
Diagnostic ratios of marker species and their association with heavy metals indicated for
pyrogenic origins of PAHs in soil with fossil fuel combustion as one of the major source of
PAHs. Coal and diesel engine combustion was found to be significant source during pre-
monsoon season. High dependencies of PAHs on BC/OC (black carbon/organic carbon)
ratios were found indicating that BC could be interfering with the association of PAHs and
OC. However, such relationships showed seasonal bias and high positive dependencies were

found during pre-monsoon season only.



Abstract

Mean 3»PAHs concentration in street dust samples were observed to be
8500.8+4608ng/gm (2248.8-13550ng/gm), 23294.7+15164ng/gm (1394.7-43789ng/gm) and
14770.5£9899ng/gm (5153.5-28796.3ng/gm) during monsoon, post-monsoon and pre-
monsoon respectively. However, mean BaPq concentration was found to be maximum
during pre-monsoon season 541.7+550ng/gm. PAHs profile in street dust was also found to
be dominated by 2 and 4-ring PAHs. BC was also found to be an important factor
controlling seasonal PAHs concentration in street dust. Diagnostic ratio and correlation of
PAHs with heavy metal recommended pyrolytic source origin with fossil fuel and vehicular
combustion as major signature source of PAHs in street dust samples of the city. Strong
seasonality in sources of PAHs was indentified and signatory local source influence was

recognized during pre-monsoon season.

Concentration of ) PAHs in Bharalu water was found to be in the range 3.4-
729ng/ml with mean value of 29.84+22ng/ml. Moreover, ) PAHs concentration was found to
be on higher side during pre-monsoon season than that of post-monsoon season. PAHs
Profile was found to be dominated mainly by 3-, 4- and 5-ring compounds. Predominance of
HMWPAHs (high molecular weight) (throughout the study period) despite of their low
solubility in water could be attributed to their continuous input as urban waste or discharge
of wastewater into Bharalu River. Mean BaPq concentration was found to be 2.2+3ng/ml for
Y PAHs. PAHs in water of Bharalu River were found with severe ecosystem risk during both
the sampling season which was estimated using risk quotient (RQ). Only, BaA and IP
showed significant correlation with OC in Bharalu River water. Sources of both petrogenic
and pyrogenic origin of PAH was identified by using diagnostic ratio. Pyrogenic sources

were found to be mainly from diesel and wood combustion.

Y PAHs concentration in Bharalu River sediment was varied from 337.6-23140ng/gm
with mean value 4968.2+8135ng/gm during post-monsoon season, while they ranged from
608.8-8618.6ng/gm with mean concentration of 3812.4+2820 ng/gm during pre-monsoon
season. The PAHs profile was found to be dominated by 3, 4 and 6-ring PAHs in sediment.
Mean BaPeq concentration of Y PAHs was observed to be maximum during pre-monsoon

season (197.5+317ng BaPeq/gm). PAHs in aquatic sediment of Bharalu River resulted in

VI
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severe ecosystem risk mainly during post-monsoon season. No significant correlation was
11 ‘} L

observed for sediment PAHs with organic carbon (OC) content. However, naphthalene and
AR

chrysene showed significant correlation with black carbon (BC). The dlagnostlc ratxos
N RN l 4 (

revealed ‘mixed petrogenic and pyrogenic sources of PAHs in Bharalu aner sedlment

ey Ty

contributed mainly from diesel and gasoline combustion in case of pyrogenic source.

PAH signatures of bulk deposition correlated significantly with signatures of soil
(r=0.79), street dust (r=0.65), surface water (r=0.51) and sediment (r=0.50) which could
suppoff the hypothesis that atmospheric deposition is the major contributor of PAHs 'in soil,

. ek
street dust, surface water and sediment.

“'From the obsre;\‘/.‘atibhélit'r”nign‘t be Coricluded that meteorologi¢al parameters played a
significant role in atmospheric deposition of RAHs) with temperature.-dependent.scavenging
for LMWPAHS. Exposure risk for PAHs in all the environmental matrices was found to be
maxxmum during dry season. High ecosystem risk was observed in Bharalu River water and

ate B et hon® ¢ il HEspeaC s b T oLt
sedlment Vehicular and coal combustion were identified as signature source for PAHs
emussion in various environmental compartments in Guwahati. In the dispersion Sf PAHs
both.inisoil and street dust BC was found to play a very important/role mainl§ ‘during*pre-
0%

monsoon - season. Finally, atmospheric bulk ,deposition , was . revealedas, significant
~ e 4

contributor to other environmental matrices of the environment. |
ri-t

Key Words: PAHs, BaP, atmospheric deposition, season, carbon,heavy metal, source
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Introduction

Chapter1: Introduction

1.1  Urban Environmental Quality

Over the past few decades economic expansion and industrial growth have been
the triggering factor of global change in environmental quality with rising desire for
prosperous economy, especially in the developing countries. Traditional urban
developments at the cost of environmental degradation lead to emergence of many
environmental issues including air, water and soil pollution [1]. The continuous addition
of motorization results in' a sharp increase in the concentration of pollutants in the urban
air which subsequently adding to soil, street dust, water and sediment [2]. It is estimated

that vehicular emission attributes about 40-80 % of the air quality crisis [3].

Rapid growth of éities in urban India illustrates a picture of transformation -
feudal towns to cities, cities to metropolis and metros to megapolis. This in turn demands
for increased energy-based goods and services [3], which in turn release many hazardous
chemicals in the environment. The direct consequené:e of all these developments is
degradation of environmental quality. Studies also reveal a close relationship of human

health effect with the actual level of exposure to pollutants [4].

¢ f P } f
“

. Extensive research is already being performed in many such areas including
inorganic and organic pollutants in the environment with major developments in case of

.organic pollutants in last few decades [5].
- p‘ ! 9

Since Qinduéirizalisat‘isn, many organic chemicals that are naturally occurring (e.g.
petroleum) and synthetic are released into the environment from various anthropogenic
activities. The presence of more. than 600 organic compounds have already been
reported in various matrices of the environment that belong to the classes of petroleum
hydrocarbons, polycyclic .aromatic hydrocarbons, Kketones, aldehydes, volatile
organohalogen compounds, momnocarboxylic acids, pesticides, alcohols, dicarboxylic

amines, fatty acids, saccharides and amino acids [6].
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1.2  Polycyclic Aromatic Hydrocarbon

Polycyclic Aromatic Hydrocarbons (PAHs) are among the most notorious
semivolatile organic pollutants and are considered as hazardous air pollutants (HAP) in
the group of the non-halogenated organic compounds along with benzene, phenols,
aldehydes, etc. [7]. They are the class compounds with two or more fused benzoid rings
made up of only carbon and hydrogen [8]. Based on the molecular structure PAHs are
commonly classified into two categories namely low molecular weight (LMW) PAHs
with four or fewer aromatic rings and high molecular weight (HMW) PAHs with five or
more rings. The United States Environmental Protection Agency (USEPA) has notified
16PAHs as the most priority ones to be analyzed in different environmental matrices [9];
Among them, Benzo(a)anthracene (BaA), Benzo(a)pyrene (BaP), Benzo(b)fluoranthene
(BbF), Benzo(k)fluoranthene (BkF), Chrysene (Chry), Dibenzo(a)anthracene (DBA) and
Indeno(1,2,3-c,d)pyrene (IP) have been classified as possible or probable human
carcinogens [10] and BaP can serve ‘as an indicator'of the whole group of PAH because

of its recognisation as being carcinogens [11]. - o :

PAHs are formed in incomplete combustion processes of any organic matter
including fossil fuels and vegetation [12]. PAHs formation gets enhanced in
thermochemical processes operating under rich fuel conditions [13]. The hydrogen
abstraction—C,H; addition (HACA) mechanism is now popularly considered as the major
reaction route leading to the formation of PAHs in combustion flames [14-23]. In the
combustion environment the simple gaseous PAH molecules, such as naphthalene,
phenanthrene, pyrene, etc., can undergo sequential build-up process and eventually lead
to formation of larger PAHs, fullerenes, bowl-shaped nanostructurels, and solid-phase

species including carbonaceous dust, graphene particles, and soot [14].

Depending on volatility and molecular weight PAHs can adsorb on soot surface
and can remain in the gas phase as well [13]. Such particles then appear in different
environmental matrices such as ambient air, soil, street dust, water, sediment etc. and can
be inhaled by human being or consumed with food, leading to major health problems,

such as tumors, birth defects, and a variety of pulmonary diseases [24].
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1.2.1. Molecular Structure and Physico-Chemical Properties of PAHs

Molecular structure of 16 PAHs are shown in Figure 1.1 and Physical properties
of the.16-'PAHs were shown in Table 1.1. PAHs are weakly volatile and sparingly soluble
in water. The solubility of PAHs in water decreases with increase in molecular weight of
PAH. So&ubility of 16 studied PAHs are shown in Annexure A. PAHs dissolve
effectively in organic solvent and are lipophilic in nature which is measured by water —
octanol partition coefficients (K°*). All PAHs are solid having high melting and boiling
points. Although‘PA'Hs are chemically inactive they e:ésily bond to particulate matter.
PAHs become highly thermo and photosensitive when adsorbed on dust surface and are
degraded at high temperature (50°C) and on exposure ~to light especially ultraviolet and
visible light [25]. Photo-oxidation is one of the principal pathway of PAHs

decomposition and their secondary metabolite production in the atmosphere [26].

naphthalene acenaphthylene Acenaphthene Fluorene
Phenanthrene Fluoranthene Pyrene Anthracene
OC 9 i (D
0 Chrysene O
Benzo{a)anthracene Benzo(h)luoranthenc
' Q Drbenzo(a,blamhracenc
Benzo(a)pyrene

) ~ S

Benzo(g,hayperylene Indeno(1,2,3-cd)pyrenc

Figure 1.1: Molecular Structures of PAHs



Introduction

Table 1.1 Physical properties and chemical formulae of 16 PAHs'

Compound Formula Molecular  Melting Boiling Vapour
Weight Point °C  Point °C  Pressure kPa

i

Naphthalene Colls 12818 802 218 1.1x10?
Acenaphthylehe CpoHg  152.20 9293 265-280  3.9x10°
Acenaphthene )anm“. 154.20 ,‘ 90-96  278-279  2.1x10°
Fluorene iCuHp 16623 116118 293-295  8.7x10°
Phenanthrene CiHyp  178.24 96-101  339-340  2.3x10°
Anthracene “ClHp 17824 216219 340 36x10°
Fluoranthene CieHip 20226  107-111  375-393  6.5x107
Pyrene CieHio 20226  150-156  360-404  3.1x10°
Benzo(a)anthracene CisHi» 228.30 157-167 435 1.5x10°®
Chrysene CisHpp 22830 252256  441-448  5.7x10°
Benzo(b)fluoranthene CaoH12 252.32 167-168 481 6.7x10®

Benzo(k)fluoranthene CyoHy2 252.32 198-217 480-471 2.1x10°®

Benzo(a)pyrene CpHp2 25232 177-179  493-496  7.3x10™°
Dibenzo(a,h)anthracene  CpHi4  278.35 266-270 524 1.3x10™"
Benzo(g,h,i)perylene CpHi, 27634 275-278 525 1.3x10™M!
Indeno(1,2,3-cd)pyrene  CpoHy;p  276.34 162-163 530 ca.10™!
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1.2.2. Toxicity and Carcinogenicity of PAHs

Envxronmental PAHs have harmful effects on different types of organisms of
the ecosystem [27] PAHSs attract conmderable attention among researchers with the
. continuous rise in death toll caused by cancer which account for about 13% of all human
deaths worldwide in 2007 [28]. Carcinogenic and mutagenic properties of a few PAHs
members have already been well established by researchers {29-45] in experimental
animals and humans. It is revealed from studies on experimental animals that PAHs may
trigger various health effects, such as cytot(;xicity, immunotoxicity, genotoxicity,
carcinogenicity, reproductive toxicity etc [7]. Organizations including United States
Agency for Toxic Substances and Disease Registry (ATSDR), the International Agency
for Research on Cancer (IARC),K the Department of Health and Human Services (DHHS),
the National Occupation Safety and Health Administration (OSHA), and the US-EPA
classify PAHs as carcinogenic materials. Carcinogenic classifications of selected PAHs

put forward by various agencies are given in Table 1.2.

Benzo(a)pyrene (BaP) is termed as index or ‘gold standard’ of the whole group of
PAHs due to its high carcinogenic potency [32, 35]. Carcinogenicity of BaP through
inhalation was tested only in hamsters {46, 47]. Risk analysis inferred that about 9 per
100000 individual spending a lifetime in, ambient air exposed to average level of BaP of
1 ng/m’ may die from respiratory tract cancer [40, 47]. LMW PAHs are generally
associated with relatively lower toxicity than HMWPAHs (5 or 6 rings). Car exhausts
(petrol, diesel), domestic coal-stove emissions and tobacco smoke releasing mainly 4- to
7-ring PAHs are found to exhibit nearly all the carcinogenic potential [48]. Elevated
levels of DNA adduct, mutations, reproductive effects, and cancers of lung, respiratory
tract and urmary bladder are found to be associated with exposure to PAHs [49, 50].
Accordmg to Pankow et al. [51] 1993 carcinogenic risk of inhaled PAHs depend upon
whether it enters into lung in the gas form or particulate; in case of particulate PAHs

carcinogenicity prevails for longer period of time.
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Table 1.2 Carcinogenic classifications of PAHs by various agencies .

Agency PAHs Compounds Carcinogenic Classification

U.S. Department of Health Benzo(a)anthracene Known animal carcinogens

and Human  Services ;
e Benzo(b)fluoranthene

(HHS)

¢ Benzo(a)pyrene

¢ Dibenzo(a,h)anthracene

. Indeno(1,2,3-cd)pyrene ‘
International Agency for e Benzo(a)anthracene

Research on Cancer

(IARC) ¢ Benzo(a)pyrene

Probably carcinogenic to

humans

¢ Benzo(a)fluoranthene

. - Possibly carcinogenic to
¢ Benzo(k)fluoranthene Y -

humans

¢ Indeno(l,2,3-cd)pyrene

e Anthracene ) )
Not classifiable as to their

e Benzo(g,h,i)perylene carcinogenicity to humans

o Benzo(e)pyrene

e Chrysene

e Fluoranthene

o Fluorene
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-

e Phenanthrene )

e Pyrene

2

uU.S. Environmental e Benzo(a)anthracene |,

Protection Agency (EPA) -
¢ Benzo(a)pyrene

T

¢ Benzo(b)fluoranthene

e Benzo(k)fluoranthene .
Probable human carcinogens

e Chrysene

e Dibenzo(a,h)anthracene

e Indeno(1,2,3-cd)pyrene

* Acenaphthylene

' * Anthracene Not classifiable as to their

carci icity to humans
e Benzo(g,h,i)perylene tnogemctty

o Fluoranthene
Fluorene
e Phenanthrene and

e Pyrene

1.2.3. Sources of PAHs

A 3 3 .
Although some PAHs in the environment arise from natural sources of

1z 3 t

combustion such as forest fires and volcanoes along with some minor biogenic sources;
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emissions from anthropogenic activities predominate [52, 42, 43]. Anthropogenic sources
of PAHs can be broadly classified into statiénafy and mobile sources. Stationary sources
of PAHs include residential heating, industrial agtivities (e.g. aluminium production and
- coke manufacture), incineration and power generation. Diesel and gasoline engine
vehicular exhaust are categorised as mobile sources of PAHs [5]. In general, Stationary
fuel sources are considered to be respon31b1e for over 97% of PAH emissions [53].

However, the profile is different in case of an urban area w1th high traffic density [5].

Anthropogenic sources of PAHs can also be categorised as petrogenic and
pyrogenic. Pyrogenic PAHs are resulted from incomplete combustion of any organic
material while the petrogenic PAHs are found in oil and some of its product [54-56]. In
general, the pyrogenic PAHs are comprised of larger ring than the petrogenic PAHs [57].
Pyrogenic PAHs production is favoured by an oxygen-deficient flame with temperature
range of 650-900°C and fuels v;zhich are less oxidized [58].

~

Sources of PAHs can vary depending upbn the prevailing activities, atmospheric

conditions and topography of the area.

1.2.4 Distribution in the Environment (Air, Soil, Street Dust, Water and
Sediment)

PAHs are ubiquitous pollutant in the environment mainly arising from
anthropogenic sources [59, 42, 60, 61]. Atmospheric PAHs are derived from combustion
and volatilization [58]. Aerial movement is one of the major pathways for environmental
distribution and transboundary deposition of PAHs [62j. Remote areas far from emission
sources also get exposed to PAHs as they undergo long range transport [63, 64].
Eventually, PAHs settle down in soils, street dust and enter into aquatic environment {65,
66]. Soil and street dust acts as direct sink of atmospheric PAHs near to traffic and other
combustion sources. From these environmental compartments rain water and storm water
easily washed away PAHs to nearby aquatic bodies. Due to hydrophobic nature, PAHs in |
aquatic environment are preferably partitioned and accumulate into the particulate phase
of sediment [5]. PAHs thus, occur in multicompartmental system of the environment [67,
§8] and paved the way for multiple routes of exposure to this class of carcinogen. Figure

1.2 illustrates distribution PAHs in various environmental matrices.
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DRY DEPOSITION |

Figure 1.2: Distribution of PAHs in the environment. This diagram is a modification

to that of Norville watershed in Massei et al. [63]

1.3 PAHs in the Atmosphere

It is fully established that atmospheric transfer is the principal pathways for the
global distribution of PAHs [62]. Once in the atmosphere, depending on their physical
and chemical properties such as vapour pressure, Henry’s law constant and solubility,
PAHs get distributed between gas, particle and droplet phase [69-72]. At ambient
temperature, the 2 and 3-ring PAHs are mainly found in the vapour phase, while 4 to 6
PAHs occur in the particle phase as recorded in the literature [73-76]. Oxidative and
photolytic reactions and atmospheric fallouts are two major pathways for wash-out
mechanism of PAHs from the atmosphere [77-78]. According to Bidleman et al. [70],
PAHs associated with both vapour and particle phase are removed from the atmosphere
by atmospheric bulk (dry+wet) deposition. Deposition of PAHs is also influenced by

particle phase concentration and meteorological factors [79]. Extensive studies have been
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carried out to explore relationship between meteorological parameters and PAH
concentrations. Significant relationship of PAHs with temperature and relative humidity
were also documented by Pankow et al. {51} and Chetwittayachan et al. [80]. Moreover,
temperature variation found to have more influence on gas phase LMW PAHs dispersion

than on particulate phase HMWPAHs [81].

1.3.1 Gas to Particle Distribution of PAHs in the Atmosphere

PAHs in the atmosphere occur both in vapour and particulate phase of mainly
the fine fraction (<1 pum) because of their semi-volatile property [82, 83]. This phase
partitioning plays an important role in fate and distribution of PAHs in the environment.
While cycling through various matrices of the environment, gaseous exchanges take
place at various surfaces such as sea, vegetation, soil etc [84-86]. Gas/particle
partitioning of semivolatile organic pollutants both in urban and rural atmosphere allow
us to understand various aspects such as their partition and subsequent influence on
health-effect [51], their removal by dry and wet deposition from an airshed [87-91],
formation of secondary pollutants by photolysis [92] and their removal by advection
{91].

Gas/particle partition of PAHs is controlled by the molecular weight of the
compounds, temperature, humidity and precipitation [93, 94]. In general, low-volatile
PAHs with > 5 rings undergo relatively high temperature condensation and are mostly
adsorbed to airborne particles [94, 95]. Moreover, they are categorised as “single-hop”
persistent organic pollutants (POPs) due to their low mobility and they are subjected to
rapid deposition and retention close to the source [95-97]. On the other hand, the LMW
PAHs with 2-3 rings are are characterised by low temperature condensation and exist
mostly in the gas phase [93-95, 98-99]. This group of PAHs are classified as “multi-hop”
chemicals due to their high or moderately high mobility {95]. Therefore, LMW PAHs
experience world-wide atmospheric distribution and preferentially accumulate in polar
latitudes [94, 95]. Semi-volatile (4-ring) PAHs can occur both in particle and gas phase
and are most influenced by of environmental factors [93]. They are mostly found to be

settled and enriched in mid latitudes [95].
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Individual PAH compounds behave differentially under ‘different:meteorological
and climatic conditions depending upon their molecular: weight' and structure.
Meteorological parameters, especially, temperature and relative humidity play a
srgmﬁcant role in dlssrpatron of LMW PAHs [51 100] Vapour pressure controlling
Volatrhzatron have been found to be regulated by temperature hurmdrty and wind speed.
With increase of temperature, volatilization of PAHs from sorl atmospherrc parucles
water and vegetation increases [101, 81]. Thibodeaux et al. [102] reported an increase in
absorption of semivolatile organic compounds as relative humidity approaches 100%.
Such increase, at very high relative humidity is due to partitioning into the liquid or

nearly-liquid water when the gas phase is nearly saturated with water.

1.3.2- Air Water Gas Exchange of PAHs

b : e :
Air-water transfer processes for PAHs consists of volatilization and absorption of

gases, dry deposition with particles, wet deposition by rain or snow, i.e., particle and gas
“washout”, spray transfer, and bubble scavenging [103].

[

.Air-water transfer is controlled by Henry’s law, according to which the

concentration of PAHs in water is propomonal to the partlal pressure of PAHs in air
b l T

Pa= Han

where p, is the partial pressure in air, H, is Henry’s constant (both in pressure units), and
X is the mole fraction in water. The Jower is the Henry’s constant it is more likely that

PAHs will partition from air to water [104].

1.4  Atmospheric Pollutant Removal Processes

Anthropogenic activities are primarily accountable for release of chemical
pollutants into the environment. If all the pollutants remain. in various environmental
compartments as it is, their ambient levels should equal to the aggregate amounts
released. However, this is not the case in general, as each environmental compartment in

nature has some active naturally occurring removal or “self-purification” processes [105].
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PAHs-distributed between trace gases and particles are. subjected to removal
mechanism such as oxidative and photolytic reactions and ultimately from the

atmosphere by two pathways namely wet and dry deposition [77].

Dry deposition refers to transport of pollutants from the atmosphere in the
absence of precipitations onto surfaces. On the other hand, wet deposition is scavenging

processes by Wthh pollutants are encapsulated by hydrometeors and consequently
dropped to the Earth s surface [106].

Once released airborne PAHs are carried by the prevailing meteorology before
being removed from the atmosphere by different scavenging processes. Wet deposition
such as rain, sleet, snow, hail and dry deposition are considered as the major mechanisms
of removal of PAHs from the atmosphere. The wet removal mechanism of gaseous PAHs
is better understood than particulate PAHs [88]. The 'scavenging mechanism through. in-
cloud or below cloud, collection efficiency of falling pre01p1tat1on solubility and size

particles has been well explored in literature [107, 108]

Non reactive gaseous organic compounds are washed out by rain according to the
Henry’s Law equilibrium between the gas and aqueous phases [88]. According to
Pankow et al. [87], the total degree of scavenging of a given compound when there is no
exchange of material between the particulate and dlSSO]VCd phases in the rain can be

expressed as follows:
\
W=Wyl-$)+W, ¢
Where W is the overall scavenging ratio:
W= [rain, total] / [air, total]
W, is the gas scavenging ratio:
W= [rain,dissolved] / [air, gas]

W, is the particle scavenging ratio:

W= [rain,‘particulate]bl [air, particulate]

12
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and ¢ is the fraction of the atmospheric concentration which is associated with particles.
For compounds which (1) are scavenged to some degree from the atmospheric particulate
phase; and (2) remain on particulate material inside the raindrop, W will differ from the
equilibrium W, value. The second state become necessary as material which is moved to

the dissolved phase will undergo rapid reequilibriation with the atmosphere.

Dry deposition is a function of prevailing atmospheric state and the surface level
concentration of PAHs. PAHs adsorbed particle size greater than 20 pm are susceptible
to settle in the vicinity of the source due to their high settling velocity. However, only
minor percentage of PAHs removal occurs through this mechanism as PAH are

predominantly adsorbed on particles diameter of <10 pm [109].

An illustration of sources, transport, and deposition of pollutants via the

atmosphere is shown in Figure 1.3.
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R Air Masses
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Matter  —| ocal or long-distance transport
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=4 ~ 4
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{ { W Gas Exchange
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|

Figure 1.3: Diagram of the sources, transport, and deposition of pollutants
via the atmosphere (US EPA 2002).
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1.5  Bulk Deposition of PAHs

Broadly, the atmospheric deposition can be divided into wet and dry deposition
[110-112]. The overall flux for both the mechanisms is contributed by processes such as
scavenging of vapour and particles, particle sedimentation, and surface gas absorption. It
is needed to measure both dry and wet deposition to determine the total atmospheric
deposition of PAHs [113]. Bulk samplers record the grand total of all the atmospheric

removal processes as they do not differentiate between the two [72].

The atmospheric bulk deposition of individual PAHs are influenced by various
parameters, such as the compound’s Henry’s law constant and vapour pressure, the
particle size distribution, the gas/particle partitioning, meteorological conditions and the
size of raindrops (114, 78]. Thus, the dispersion of PAHs in the environment is
controlled by their physical and chemical properties as well as by climatic conditions

[115].

Generally, dry air PAHs that do not get transported far from emission sources and
so they have short life of few to ten hours [116, 113]. On the other hand, the aqueous
phase PAHs have life time of approximately ten to hundreds hours [116]. In-cloud and
below-cloud scavenging of particulate and gas phase PAHs travel over long distances.
Thus dry deposition preponderates in urban/industrial areas while wet deposition in
remote areas [117, 113]. Consequently, in order to evaluate deposition loadings due to
atmospheric deposition, it appears inevitable to include both dry and wet depositions
[118].

During the past few decades, PAH in bulk deposition (dry + wet) have
been widely studied [77-78, 115, 118-123]. The present study is the first one taken up in
South Asia.

1.5.1 Sampler Characteristics and Challenges with Bulk Deposition Measurement

To estimate PAHs deposition two methods are found to be used very often. The
first method utilizes gaseous and particulate phase PAHs concentration. Here, deposition
flux is determined by multiplying PAHs concentration and deposition velocity [124,

125]. However, uncertainties are found to be associated with it while estimating the

14
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deposition velocity which is controlled by parameters such as particle size,
meteorological conditions, properties of the receptor surface, and physical and chemical
properties of the particle [126].

i j 4 "

In the second method, gas and particulate phase PAHs are collected passively on
an artificial surface, such as metal pans, coated or uncoated glass fiber filter (GFF), plates
filled fluid, greased surfaces and water surface [72, 77, 118, 127-132]. In this method,
deposition flux is estimated from PAHs concentration and sampling period. Although the
second method also has some artefacts such as degradation of PAHs due to atmospheric
radicals, solar radiation etc., re-volatilization from collection surface and particle blow-
off due to high wind speed [122, 123], yet this method is considered more accurate and

so widely used compared to first one [123]

-
1.6  PAHs Deposition on §oil ‘

" Combustion products that dre released into the atmosphere are deposited back
onto the'soil surface. Soil is, therefore, considered as the medium for accumulation and
integration of many pollutants [99]. Soil contamination with PAHs is a growing problem
mainly in urban areas due to increased consumption of energy [133]. Such increase over
time is an indicator of increased emission associated with industrialization and

urbanization besides emission from motor vehicles.

.. Emissions arising from motor vehicles are usually contributed by a mix of
tailpipe emissions, wear and tear of brakes and tyres and re-suspension of street dust
[134, 135]. Generally higher presence of HMWPAHSs typically means contribution from
combustion sources (pyrogenic) and, on the other hand, LMW PAHs are often
considered to be petrogenic. Much of the combustion derived PAHs are present in top
layer of soil [97] and human exposure of PAHs through soil has been reported to be
greater than that of air and water [136]. Smith et al. [137] reported ~95% PAHs burden in

soil in contrast to =0.2% in air.

: Primary input of PAHs into soil surface is by air to surface precipitation [138,
139]. Soil is, therefore, considered as one of the major sinks of atmospheric PAHs [140].

Further,. volatilization, irreversible sorption, leaching, accumulation by plants and
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biodegradation are the possible pathways for dispersion of PAHs [141]. Soil PAHSs can
also be considered as a source of air and sediment contamination because of their
distribution by surface runoff and dust re-suspension [142]). PAHs concentration in soil
consociates well with their representative levels in air [143], house dust [144] and urban
street dust [145, 146]. Soil therefore can be a good index for PAHs pollution and

environmental risk [147].

Hydrophobic nature and stable chemical structure: of: PAHs favour adsorption
onto soil particles, thus PAHSs can sustain in soil matrix for longer time [148, 149]. Thus,
PAHs are persistent and poorly degraded contaminants of the soil. PAHs concentration is
significantly regulated by soil organic carbon (OC) content [147]. Higher level of soil
organic matter could make PAHs become more resistant to degradation [150].

Black carbon (BC) is also considered to play a major role in distribution of PAHs
in soil due to their co-emission and high sorption capacity for PAHs [151, 152]. BC is
recognized as strong adsorbent for hydrophobic organic compounds. This adsorption also
reduces toxicity and biodegradability of organic contaminants in soil [153]. Thus the fate
and behaviour of contaminants are the principal factors to their risk assessment and

remediation [154].

1.7  PAHs Deposition on Street Dust

Street dust is chemically most identical to the principal portion of atmospheric
aerosol and exhibit a vital relationship through continuous process of re-suspension into
and re-deposition from atmosphere [138]. Rapid urbanization triggering transport of
increasing population and goods by large number of motor vehicles have given rise to
intensifying levels of pollution along roadways [155]. Traffic density and rate of
deposition are assumed to be the main determining factor for PAHs concentration in

street dust [156-158].

Street dust is often considered as the direct sink of deposited PAHs near to
sources mainly from traffic. It is very much reasonable that closer to the highway faster
deposition of exhaust aerosol droplets occurs; while going away dust particles that are

dispersed with wind interfered their adsorption {159} and subsequently affect other
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environmental matrices (e.g. air, water, soil and plants) [160]. This in turn increases
significant exposure risk for human population [161] mainly for those who live by
roadside. Although atmospheric removal of anthropogenic and- biogenic sources of PAHs
contribute to street dust load [162], part of street dust PAHs may transfer back to
atmosphere through the mecha’m'sm of evaporation and wind raise [163]. PAHs are easily
washed out ﬁom street dust iay rain to drainalge and then move to nearby water bodies
such as r{ver, estua:ies etc. [164, 165]. More than 95% contrit?)ution fraction of PAHs
from dry deposition was could be found on street dust [162] and motor vehicles account

i' e . .
for a significant aid to total PAHs load in street dust.
SERE

PAHs in urban street dust are originated from multiple sources such as weathered
materials of road surfaces, automobile exhaust, lubricating oils, gasoline, diesel fuel, tire

particles, construction materials and atmospherically deposited materials [166].

T

Moreover, street dust is a major source for many.heavy metals resulting mainly
from- wear and tear of vehicles. The high concentration of heavy: metals causes
deleterious effects on various terrestrial creatures and human beings (including internal
body: organ damage) [167-171]. Therefore, greater oxidative damage resulting from
occupational co-exposure to PAH and metals [172] may increase .the carcinogenic
potential of this group'of compounds. Therefore, simultanieous characterization of PAHs
and metals in street dust would be the better way of understanding the health risks
involved. Also, the use of both organic and inorganic tracers in the source apportionment

studies is found to improve source resolution [173].

1.7  PAHs Deposition on Water and Sediment.

Surface water and sediment consists important information regarding
anthropogenic activities adjacent to a water body. Primary pathways of PAHs entering
aquatic environments include direct wet or dry deposition from atmosphere, runoff from
land, roads, pavements, roofs, guttering and industries {174, 175] and direct water outlet
[58]. In general anthropogenic sources of PAHS in aquatic environment can be both
pyrogenic and petrogenic. Pyrogenic sources of PAHs' includeicombustion of organic
matter like petroleum fuel, coal and biomass. Petrogenic PAHs (from crude and refined

petroleum products) can enter aquatic environments through accidental oil spills,
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municipality and urban runoff and industrial processes. Stormwater is a major delivery
route of PAHs to the receiving water bodies irrespective of types of sources of PAHSs in
urban areas. Therefore, to address effective control and remediation of these pollutants

their source and sink have to comprehend well [176]. . ‘ s

In urban soils non-homogenous distributions of PAHs is observed [177]. Upon
entering équatic systems, PAHs preferably tend to settle, partitionl (')r adsorb onto non-
aqueous phase such as soil or sediment due to their hydrgphobicity [178] and high
octanol/water pzllrtition coefficients. Adsorption to soliq particles mgkqs them less
susceptible to degradation [179]. So, the presence of PAHs in water system ofa r;ver can
also be used as an indicator of their presence in sediment.

¢ e ! 2t

Due to their mutagenic and carcinogenic effects to 'lqnd ax}dq water organisms
[180], distribution and sources of PAHs in aquatic enviror‘nmen{ nez;r uri>an centres have
received much attention. The Water Framework directive .2000/60/EC considered 16
PAHs as priority substances due to their environmental behaviour and their toxic effects.
High toxicity, high stability in the environment and lipophilic-nature of PAHs enable
them to transport through food chains with human being as final destination [7, 181-182].
The EU Directive 98/83/EC, relevant to drinking water, has set a limit of 0.10 pgl” for
the sum concentration of BbF, BKF, BgP and IP and 0.010 pgl” for BaP [183). Thus,
monitoring of these compounds in surface water can provide inputs for potential toxic

effect assessment of .these pollutants in addition to decision-making for management

authorities [184].

1.9  Organic Molecules as Tracers .

Organic molecular tracers are discrete quantifiable organic compounds that are

.exhausted from single source or group of sources. Classes of such molecular tracer

compounds include alkanes, cycloalkanes, PAHs, steranes, fatty acids, sterols and
methoxyphenols. Preferably, these tracer molecules are expected to originate from one
distinct source type. However, in reality they can originate from multiple sources with
different time-dependent: source contribution. For a wide range of natural and
anthropogenic sources (e.g.; traffic, biomass burning, food cooking), characteristic

unique molecular marker has already been identified {185]. ,
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To identify sources'of PAH, parent PAH ratios have been extensively used [186-
193]. Understanding of the respective discrimination ability (relative thermodynamic
stability) of individual parent PAHSs, the attributes of different PAH sources and the
variation in PAH composition between source and sink (the relative stability of various
PAH isomers and PAHs from separate sources) are essential requirement while using
parent PAH ratios for source apportionment in various environmental matrices [193].
Computation of PAHs ratio are usually confined to PAHs within a given molecular mass
in order to reduce various contradicting factors such as differences in volatility, water
solubility, adsorption, etc. {194, 195]. For parent PAHs, it is inferred that combustion
and/or anthropogenic input is from an increase in the part of the less stable, ‘‘kinetic’’
PAH isomers compare to the more stable, ‘‘thermodynamic’ isomers [196] and to
support such interpretation the stability of the lighter PAH isomers has been computed
[190] Thus, the use of these indices depend on the fact that PAHs dispersion is regulated
by thermodynamic properties during low temperature processes and by kinetic
characteristics during high tempe%ature processes, such as pyrolysis of organic matter
(197]. As Phenanthrene is thermochemically more stable than anthracene, molar fraction
of phenanthrene produced is much higher than that of anthracene at low temperature. On
the other hand, high ,t?mperrLature combustion such as incomplete burning of organic

matter is characterized by low value of Phe/Ant ratio [198].

As shown in Table 1.3, extensive studies have established and prescribe a specific
value of PAH diagnostic ratio for a particular source category. Ravindra et al. [199, 200]
used IP/(IP+BgP) ratio for diesel and coal combustion, whereas Kavouras et al. {201]
established diesel emission ratio of IP/(IP+BgP) to be between 0.35 and 0.70 (Table 1.3).
Thus, based on only one proposed diagnostic ratio, it would be challenging to
discriminate diesel emission from coal combustion. Source identification can be
upgraded by using various other ratios with their relative comparison [202]. However,
use of multiple ratios (more than two) for potential source identification can also lead to

ambiguous interpretation [120].
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Table 1.3 PAHs diagnostic ratio for source apportionment

Diagnostic Ratio Value Sources References
IP/(IP+BgP) 0.18 Cars Grimmer et al. [203]
0.37 Diesel Ravindra et al. [199]
0.56 Coal Ravindra et al. [2Q0]
Wood
0.62 burning Kavouras et al. {201}
0.35- Diesel
0.70 Emission , Kavouras et al. {201]
Flu/(Flu+Pyr) >0.5 Diesel Rogge et al. {204, 205] '
<0.5 Gasoline Mandalakis et al. [206]
Fang et al. {207]
. Ravindra et al. [199,
200]
BaP/(BaP+Chry) 0.5 Diesel Khalili et al. [208]
0.73 Gasoline Guo et al. [209]
Flu/Pyr >1 Pyrolyic ~ Baumard et al. [198]"
<1 Petrogenic '
Phen/Anth <10 Pyrolytic s+  Baumard et al. [198]
>15 Petrogenic
Phen/(Phen+Anth) >0.7 Fossil fuels Kauvoras et al. {210}
' Biomass
<0.7 burning
Anth/(Anth+Phen) >0.1 Pyrolytic Yunker et al. [193]
<0.1 Petrogenic
Flan/(Flan+Pyr) >0.5 Pyrolytic Yunker et al. [193]
<0.5 Petrogenic
Naph/Phen <1 Petrogenic Dahle et al. (211]
BbF/BKF >0.5 Diesel Pandey et al. [212]
BaP/BgP 0.5-0.6 Traffic Park et al. {213}
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emission
Cattle
1.25 manure Pandey et al. [214]}
IP/BgP <0:4 - Gasoline Caricchia et al. [215]
. Diesel
Pyr/BaP ~10 engine Oda et al. [216]
Gasoline
~1 engine ,Odaetal. [?IQ]
Flan/Pyr 0.6 Vehicular Neilson [217]
LMW/HMW Low Pyrolytic
High Petrogenic
CPAHs’/YPAHs ~1 Combustion  Prahl et al. [218]

Takada et al. [145]
Mantis et al. [219}
Ravindra et al. [200,
220}

: Gogou et al. [221}

*CPAHs=fluorene + pyrene + benz[a)anthracene +chrysene + benzo[b]flucranthene + benzo[k)fluoranthene +
benzo[?]pyrene +

indeno{123-cd]pyrene and benzo[ghi)perylene

1.10 Objectives

The research problem undertaken here is primarily focussed to understand the
distribution and source-sink relationship of PAHs among various environmental matrices
including atmosphere, soil, street dust, river water and sediment. They are associated to
each other thfoﬁ;gh QJréﬁgél of 4fffe<§lianisms such as pollutant build up in the atmosphere,
atmospheric depééizib'n on various other environmental matrices, pollutants build up in
different environmental compaﬁﬁlefl)fé and pollutaﬁt wash-off from one to another
environmental compartment. This indicates the significance of the research to assess
atmospheric buik depositidn of PAHs regulated by various meteorological parameters
.and its influence on, other enyironmental matrices. Regarding this the important

mechanisms which required to be addressed are atmospheric PAHs bulk deposition,
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PAHs build up directly in different environmental matrices and transfer of PAHs among
the matrices. The research study thus promotes a vigorous approach to foresee the
influence of atmospheric bulk deposition on other environmental matrices. Taking this

into consideration, this study has the following objectives:

1) To ascertain the seasonal variability in the concentrations of 16 priority PAHs in

atmospheric bulk deposition.
2) Source apportionment of PAH:s in different matrices using marker compounds.
3) To study relationship of PAHs with carbon and some heavy metals

4) To establish association of PAHs signatures in bulk deposition to PAHs

signatures in soil, street dust, river water and sediment.

1.11 Research Hypothesis

1. Atmospheric deposition is the major contributor of PAHs in soil, road dust,

surface water and sediment.

2. Atmospheric bulk (wet+dry) deposition is influenced by various meteorological
parameters such as temperature, relative humidity etc.
3. BC, OC and heavy metals play an important role in PAHs distribution in the

environment.

1.12  Scope

The research study primarily focused on es}ablislging an extensive approach to
, . N RIS IR S A T .
assess. atmospheric bulk deposition of PAHs regulated by various meteorological
i AR

parameters and its influence on other environmental matrices. The scopes of the reseagch
' : R A T EPREE

study were:

1. The research focused on PAHs generated by various land use related
activity in the selected urban study sites of ‘Guwahati, 'a major city of

Brahmaputra‘valley.
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2. The research addressed processes namely atmospheric PAHs bulk
deposition, PAHs build up directly in different environmental matrices
and transfer of PAHs among the matrices.

3. Sample analysis mainly focused on PAHs, heavy metals, BC and OC.

4. Possible spatial and temporal variations including seasonality were taken
into consideration.

5. PAH marker compounds were adopted for source identification

6. Statistical model - PCA-MLR was used for computation of source
identification and respective contribution of each source.

7. Variations of PAHSs source signature as a function of seasonal variations

was also determined.

1.13 Innovation and Contribution to Knowledge

Understanding the mechanism and pathways of PAHs dispersion in an urban
environment play a vital role in mitigating pollution. Mathematical models can also be
developed from such studies to project PAHs loading, their removal mechanism and
exposure risk assessment for health effect in an urban settlement with varying land use

scenario.
Relevant outcomes of this research study are

1. The contribution of atmospheric bulk deposition PAHs to other
environmental matrices and how they are interlinked with each other.
2. How meteorological parameter govern the process of atmospheric PAHs

removal.
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Chapter2: Review of Literature

2.1  Worldwide Scenario of PAHs
2.1.1 Atmospheric Deposition of PAH:s in all Environmental Matrices Worldwide

PAHs have been extensively studied. For most of the developed countries,
background levels of PAHs are available. Researchers from different parts of the world
have reported several studies on atmospheric deposition of PAHs for last three to four

decades.

Among earlier studies, Lunde et al. [221] performed study on organic micro
pollutants in precrpltatron in Norway. Snow and rain samples were collected and
analyzed for 4 chemical groups namely alkanes, polycychc aromatxc hydrocarbons,
phthalic acid esters and fatty acid ethylesters Both' pamcle ‘adsorbed and water dissolved
phase organic components were fractxonated for analysrs‘ They reported presence of
alkanes and PAHs in precipitation samples and considered fossil fuel to contribute these

organic micro pollutants in precipitation. |

Noort et al. [222] determined the temporai variation of PAHs’eoneentration in
rain during three precrpltatlon events. The rain sdmples were collected sunultaneously at
ground level and at an altitude of 200m. The concentratron of Phen and Flan was
remarkably higher in former than that of later as reported in the study. The presence of
Phen was considered to be result of below*—cloud gas-phase scavenging. The range of

studied PAHs was BDL to110 ng/lL.

" To estimate PAHs fluxes [223] within the Lake Michigan basin to coastal waters
adjacent to the Chicago urban area and found that dry deposition loading for PAHs were
three times higher than that of wet deposition.

’

Polkowska et al. [6] estimated PAHs in atmospheric precipitation including rain
and snow in"Poland. Phen, Flan and Pyr were the dominant PAHs in precipitation
samples. Seasonal attributes were recognised in both rain and snow with maximum

PAHSs concentrations during winter which was attributed by them to be primarily from
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residential heating. Another significant PAHs source was identified as traffic emission by

them.

Bulk deposition and gas exchange of PAHs were estimated in the Galveston Bay,
Texas by Park et al. {224] and reported atmospheric PAHs m vapour phase and in the
rain dissolved phases. They had found Phen and Naph to be the dominant individual
PAHs in air vapour and rain dissolved phases. Particulate phase of both air and rain
samples were found to be dominanted by 5and 6-ring PAHs. Moreover, air to surface
water gas exchange was recognized as principal deposition process for PAHs compare to
wet deposition. Combustion and petroleum deposition were identified as major sources
of PAHs in the studied area. Levels of PAHs in bulk (wet and dry) precipitation were
conducted by Manoli et al [78] in the main plain of central Macedonia in Northern
Greece They observed maxrmum PAHs concentratron durlng cold months For
deposition flux, the greatest values were, revealed durmg large précrprtatlon events
coinciding with hlgh PAHs concentratlons PAHs in bulk deposition were found to

kb

influence that of surface water as therr srgnatures showed strong association.

In an urban region of Poland, Grynkiewicz et al. [119] estimated 16 PAHs in bulk
precipitation (dissolved in water and adsorbed on solid particles) in which-compounds
were recovered using solid phase extraction method and analysed in GC-MS. In this
srudy Naph, Phen-;Anrl:n, ‘Flén andrP.yr \yere found to be dominant comoounds with high
concentration values. On the other hand, trace level of Acy, Acen, Flu, BbF+BkF, 1P,
BaA and BgP were also reported. High PAHs concentratron in winter samples and major
contribution of coal fed heating to average PAHs load was observed. Vehicular traffic

was identified to be a major source of total PAHs in precipitation.

Similar rnethod of PAHs estimation was adopted by Golomb et al. [113] while
determining wet and dry deposition of PAHs near New England coastal water. In this
study wet (rain and snow) samples were received into, a shielded, temperature controlled
collecting bottle and an exposed water surface was used as a collector for gaseous and
particulate dry PAHs deposits. High wet and dry deposition was observed during heating
season. It was also reported that precipitation during non-convective events brought more
wet deposition of PAHs than convective events. In this study chemical mass balance
(CMB) model was used for apportionment of sources and identified diesel and gasoline.

fuelled vehicle and wood burning as major sources of PAHs.



Review of Literature

Seasonal- variation ‘of :PAHs in atmospheric precipitation in a rural site of Lake
Balaton, Hungary was examined.[225] and higher level of 3:6 ring PAHs was observed
during thé winter .(3-350ng/l) ‘than 'during: the summer (1-54ng/l) with highest wet
deposition rate of<412 pgm?year..The most abundant compounds in snow samples

reported by the group were Phen, Flan and Pyr.

Atmospheric bulk deposition PAHs was also studied by Ollivon et al. [118]
during 1999-2000 in Paris, France. High abundance of Flan and Pyr was observed in bulk
deposition samples by them. Vivid seasonal variation was observed with the highest
concentration during winter, Temperature was found to play an important role in
scavenging of LMWPAHSs. The heating contributed 41% to the overall annual PAH load.
In other study Montelay-Massei et al. [115] estimated PAHs in bulk deposition during
2001-2002 on weekly basis at Evereux, West of Paris (France). Similar trends were
reported and dominant Phen, Flan and Pyr were the species contributing 69% of total
PAHs. Moreover, LMW PAHs were found to correlate well with high rainfall. Principal
Component' Analysis (PCA) was used to identify meteorological influence as well as

seasonal variability in that study.

. Bulk deposition of PAHs at remote, rural village and an urban area of Beijing-
Tianjin, North China were studied during 2007-2008 [123]. High deposition flux of Phen
(35.3%) and Flan (25.7%) were observed. Highest deposition during fall was estimated
which indicate high exposure risk during this season in that season. Spatially, urban areas

(8.28ug/m’/day) received high deposition flux than that of rural ones (3.91 ug/m*/day).

i

"PAH:s flux in various environmental compartments Viz. ambient airi htmosphéric
deposition, soils, sediments, runoff and surface water.sm wAéé monitored in Seine estuary,
France' to identify the major pathways of transport and accumulition through a mass
balance modél. Transport of PAHs from the at;rlospt;éré ‘to 'watershéd outlet was
investigated for two rural and urban experimental watersheds within the Seine Estuary.
High loading for atmospheric input of PAHs was observed in rural areas relative to urban

areas, where atmospheric loading was found to be negligible [63].

Yan et al. [226] conducted a large-scale survey on distribution and deposition
flux of PAHs in rainwater samples in Shanghai, China and reported annual deposition
flux of PAHs was found to be 4148 kg/yr in collected samples. Naph, Phen, Anth and
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Flan were revealed as the most dominant PAHs in rainwater: Along:with diagnostic
ratios together with back trajectory analysis was also, performed by them to identify the .
pollutant sources. Combustion of grass, wood «and.coal were suggested to be: majori
contributors of PAHs in that study. Air mass from Southern part of China was observed
to enrich PAHs in Shanghai. ! TR

rt N +

2.1.2 PAHsin Soil

Study of PAHs in soil has been performed extensively from various part of the
globe. Some Researchers also tried to estimate atmospheric signature in soil and vice-

versa.

Aamot et al. [227] investigated levels of nine selected PAHs in surface soils from
southern and central Norway. Concentration in southern Norway was observed to be .
higher than that of central Norway in general; which was approximately ten times higher
in case of 4 and 5-ring PAHs. Atmospheric transport was found as major contributor
source of PAHs in soil after comparing with air quality data in south Norway.
Atmospheric signature in soil was confirmed with the analysis of peat cores from
ombrotrophic bogs, which is considered as a potential approach to assess temporal
variation of atmospheric PAH deposition. Naphthalene concentration in soil was found to
be very high compared to many other studies. Similar study was carried out in seven
locations across the Seine River basin, France was estimated by Montelay-Massei et al.
[228] They observed d1stmct spatial variation with concentration industrial and urban
areas to be in order of magmtude hlgher than those at the remote areas. High percentage
contnbutlons of carcmogemc PAHs (approximately 40%) were reported. This study also
highlights the potennal use of soil samplmg to estimate spatial differences in atmospheric

mputs of PAHS based on differences in reglonal and local atmospheric emissions.

3

* Association of 'PAH with total organic carbon (TOC) was observed for
Norwegian soil samples [229]. In UK-woodland soil HMWPAHs found to be correlated
with black carbon (BC) which was considered as PAHs from combustion source. Four
and more ring PAHs were found to be dominant in the UK soul than that of Norwegian
soil. The PAHs profile was regarded as indicator of fractionation thatx occurred during

long-range atmospheric transport and deposition. Thus the LMWPAHs with
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lower K, values -were found to be more susceptible to reach the most remote: sites,
whereas the HMWPAHs with higher' K, values retained near to emission sources.
Spatial distribution and sources of PAHs in soil of Valasske Mezirici was
investigated by Placha et al. [230]. PAHs concentration in urban, agriculture and forest
soil were analysed and found to be maximum at high altitude forest soil. The maximum
PAH level was found to be higher than that of the forest soil in Western and Northern
Europe. Meteorological condition with frequent calm condition associated with inversion
state was considered as major contributing factor for such high PAH concentration at the
high altitude “forest. Industrial processes, ltransport and local heating activities were

identified as significant source of PAHs in soil.

oo RN

Wang et al,, [231] reported air-soil gas exchange flux in Beijing-Tianjin region,
NorthChina with annual median PAHs flux of 42.2 ng/m*/day from soil to air. Acy and
Acen were observed as major contributor in total exchange flux. The air-soil gas
exchange fluxes of PAHs were higher at the urban sites than those at the remote and rural
sites. Seasonal variation also found to affect the mechanism with more gaseous PAHs
volatilized from soil to air in summer with rise of temperature and increased rainfall.
However, more gaseous PAHSs were recognised to be deposited from atmosphere to soil
during winter because of higher PAH emissions and lower temperature. The air—soil gas

exchange of PAHs was not found to be influenced by TOC concentration.

1

2.1.3 PAHs in Street Dust

As compared to air and soil, street dusts have been a newer matrix in terms of

studies relative witp PAHSs.

Al

Among the earlier studies Takada et al. [145] reported molecular distributions of
PAHs in street dust samples in Tokyo. Level of total PAHs concentration was found to
be' a few micrograms ‘per gram of dust. Individually, 3- and 4-ring PAHs such as Phen,
Flan and Pyr were recognised as dominant ones in the street dust. It was observed that
automobile exhausts were the major source of PAHs in streets with high traffic density,
whereas in residential area stationary sources of heating were identified as significant
source. Pengchai et al. [232] also studied PAHs profile in urban road dust in Tokyo. This

study mainly aimed to explore source identification of PAHs in road dust using cluster
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analysis combined with PCA. Seven categories of PAHs sources were recognised
including diesel and gasoline vehicle exhaust, vehicle exhaust, tire, asphalt or bitumen,
asphalt-pavement, petroleum products and the combustion products except for those in

vehicle engines.

i

Seasonal variation in street dust was reported by Netto et al. [233] in the center of
Niteroi, a tropical city located in the State of Rio de Janeiro, Brazil, at the margins of
Guanabara Bay. 'i'he maximum PAH cc;ncentrations were found in the month of July
when the temperature was minimum. Individually, maximum geometric mean was
detected in case of Pyr, Flan and Naph. Carcinogenic PAHs contribution wasf \found to
vary from 29 to 45%. PAHs showed significant correlations with daily mean and
minimum temperature, as well as the overall temperature during sampling period. This
indicate that meteorological parameter mainly temperature play an important role in

PAHs distribution in street dust. . ;

Liu et al. [234] perfoemed stﬁdy of PAHs in road dust samples collected from
central Shanghai during winter and summer. Seasonal variation was reported with higher
level of total PAHs during winter than that of summer. Moreover, spatial variation was
observed with high concentration levels at industrial site, traffic site and commercial sites
during both the seasons. HMWPAHs were found to be dominated in all areas. Mix
source of traffic and coal combustion was identified for road dust PAHs using PCA.
Pyrogenic and petrogenic source contribution were 71.0% and 11.4% respectively during

winter, while 64.9% and 14.1% respectively during summer.

s

Samimi et al. [160] investigated PAHs contamination level in the form of settle
dust in different types of samples including street hust, soil and water of a western
highway in Tehran, Iran. Very high PAHs contamination was observed in the vicinity of
the highway. Naph and phen were found as most common individual PAH in all the
samples. The presence of these compounds was, an indication of emission from
incomplete combustion of vehicular fuels and their subsequent adsorption to atmospheric «
suspended particles which were finally settled in surface of street dust, soil and water:

near to highway.
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2.1.4 PAHs in River Water and Sediment

.y '

PAHs behave in a very complex manner in aquatic environment. More so, natural
water bodies oftep act as sink of PAHs from both atmosphere and terrestrial runoff.
Biological risk is also directly associated with aquatic environment. All these facts usher

researchers to get more interest in aquatic environment.

Smith et al. {235] measured PAHs in waters from three rivers which flow through
the largest cities in south-eastern Australia. Smaller ring compounds were found to be

more abundant with higher concentration than the larger ring ones in that study.

Skrbic et al. [236] estimated PAHs in the surface soil samples of Novi Sad city
and bank sediment of Danube covering entire city and found that total PAHs content in
bank sediments were higher than that of surface soil. Overall percentage contribution of
BaP was found to be 6-14% of the total PAHs. The total carcinogenic potency for most

of the sites was observed to be on higher side than recommended levels.

1,
i

Spatial distribution of PAHs in surface water, s‘us‘perndec(i pa:ticu}ate matter (SPM)
and sediment of Daliao River wategshed ‘c_omposed of the Hun River, Taizi River, and
Daliao River was investigated by Guo et al. {237]. Both diagnostic ratio and PCA was
employed for source identification. Composition of PAHs was found to be dominated by
4-6 ring PAHs in the entire three medium. High occurrence of LMWPAH in water and
SPM was recommended -for recent local source and atmospheric deposition. High
pollution load in water and sediment near industrial area indicated input from industrial

wastewater.

To assess potential risk of PAHs from street dust to urban streams reflecting
source-sink mechanism through stromwater Hongtao et al. [238] assessed PAHs in street
dust particles and river sediments (Yangtze River Delta) in Xincheng, China. In street
dust smaller particles found to have higher concentration. The sediments of the urban
stream reaches in town were found to act as sinks for street dust PAHs. More so, total
loads of PAHs in receiving water bodies is found to influenced by factors including
particle( size, land use and the hydrological conditions in the stream network as

recommended by many researchers.
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Major inputs and sources of PAHSs into surface water, stream and precipitation
along the Sacramento River, California was investigated by Kim and Young [239].
Concentration of total PAHs was found to be higher in surface water than preéipitation,
however, dissoved PAHs éontent in both the matrix was observed to be almost similar.
Individually Naph, Phen, Pyr and BgP weré identified as most dominant compounds in
both surface water and rain. In dissolved phase more than 4-ring PAH compounds were
rarely occurred. During wet season significant input of PAHs in surface water was
observed through indirect deposition (i.e., washoff of atmospheric particles previously
deposited to land) in California's Mediterranean climate. During wintertime although
there was remarkable increase in aqueous PAHs level no apparent seasonal change was
noticed in dissolved PAHs concentrations. Marker PAH ratios suggested pyrogenic
origin of rainwater PAHs whereas complex and variable origin of PAHs were recognised

in case of surface water.

1

Li et al. [240] investigated PAHs in soil, water, sediment, and plant samples
collected from Aojiang River and its estuary. The concentration of PAHSs in soil, water,
sediment and plant were found to be relatively high while considering the population size
of the area. Petrogenic sources were identified in sediment using diagnostic ratio. The
composition profile of PAHs in soil and sediment was found to be similar with
dominance of 4-6 ring PAHs.

i

Chemical analysis and biotoxicity was assessed by Fu et al. [241] to estimate the
distribution, source, ecological risk and ecotoxicity of PAHs in sediments of Huaihe
River. Diagnostic ratio revealed mainly pyrogenic origin of PAHSs in the river sediment.
Some of the individual PAHs were found to pose occasional biological risk, however no
sample was identified for frequent biological impairment. However, some of the sites

were observed with very high carcinogenic potential value.

Levels, dispersion patterns, seasonal variation, and sources of PAHs in Hun River
of Liaoning Province, China was conducted by Zhang et al. [242]. The total PAHs
concentrations were prominently elevated periodically in the order of level period > flood
period > dry period. Dominance of LMWPAHs was noticed particularly for 2-3-ring
PAHs. Predominance of LMWPAHs with high concentration during flood period was
considered as relatively recent local source of PAHs. Selected PAHs ratio was used for

source identification which indicated petrogenic origin of PAHs during dry season, while
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mixed pyrogenic and petrogenic - source during wet season. ' After comparing
contamination level of: PAH among different types of area it was prescribed that
atmospheric deposition was the most: important mechanism of PAHs entry into water

system.

2.2 Indian Scenario of PAHs -

While in many European countries studies on environmental PAHs 1nitiated in
the 1960s, most of the studies, on the similar lines, in India started in the early 1980s
only. The preliminary studies were taken up with 'the cancer indicator BaP. The
carcinogenic risks of BaP to people were studied in cities like Bombay (now Mumbai)
and Ahmedabad. Later, with time, several groups from many parts of India started to
study PAHs in various matrices including soil, sediment, water and atmospheric

particulate matter.

2.2.1 Atmospheric PAHs

In comparison to other énvironmental matrices " soil, sediment and ‘water - a good
number of studies have been carried out on the atmospheric levels of PAHs in India so
far. However, most of the‘sé studies were from major urban centres and their adjoining
suburban and rural localities. Furthermore, source apportionment studies of PAHs from

both urban and rural sites are also reported by several researchers.
i

Increasing incidence of lung cancer among various populations worldwide led to a
growing concern among researchers about environmental carcinogens. Some PAHs hke
BaP for long‘ been identified as a carcinogen and PAHs being ubiquitous in the
environment, there 1s a tremendous increase in the studies on PAHs, especially BaP, were

carried out in India in the last 3 decades.

In one of the pioneering study in India, BaP levels in air of general community,
near dotmestic fire pots in kitchen and traffic junction in Ahmedabad were reported by
Aggarwal et al. [243]. This study identified high BaP concentrations in urban conditions

and opined that an association between urban-rural gradient of lung cancer incidences
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and environmental BaP exposure could be traced for many other developing countries of
Asia or Africa and, therefore, intensive studies are required to understand the relationship
of BaP and lung cancer. During the same period of time and with similar analytical
methods (TLC / spectrofluorometry), Mohan Rao et al. [244] reported BaP
concentrations in atmospheric particulate matter of urban, suburban and rural region of
Bombay and made attempts to find a possible correlation of BaP with lung cancer
incidences among different populations. Wide spatial variations of BaP levels were
observed by Mohan Rao et al. [244] and they opined that such variation could indicate

suitability for epidemiological investigations.

Urban PAHs size distribution in gas/particle phase in Mumbai was studied and
found to be regulated by both size-dependent adsorption and absorption to urban fine
mode aerosols. Range of average PAHs concentration .in aerosol in Indian Insti’tute of
Technology (IIT) Bombay and Regional Telecommunications Training Centre Saki
Naka, Mumbai was found to be 2.1x10%-4.2x102 pg/m® [245]. They presented a very.
interesting finding on the adsorptive behavior of PAHs; predominance of non volatile

PAH:s in the fine mode and semi-volatile ones in the coarse mode.

Later, Kulkarni et al. {246] reported Y PAHs concentration range of 2.45x1072-
3.88x107 pg/m3 in particulate matter of IIT, Bombay and Saki Naka, in Mumbai with a
dominance of Pyr and BaP+Chry both the sites.

1

As concerns over PAHs grew, é}oups in lesser known cities like Bhilai, started
assessments with respect to health risks. Par{dey ef al. f212] measured PAHs in the
ambient air particulates in Bhilai industrial city and emphasized on the need for

assessment of PAHs in the light of risk posed to human health.

Researchers at NEERI conducted a very early study from 1991-2005 to see the
ambient air quality status for PAHs level of SPM and RSPM in 10 major cities of India.
In this study the highest concentration range of 283.9-2113.6 pg/m’ was found in
Kolkata. Descending order of concentration range was Chennai (243.8-1481ug/m’) then
Kanpur (197.4-2397.2 pg/m’®) then Mumbai (212.8-1402 pg/m’) and then Delhi (186.9-
1597.3 pg/m’). So this can be concluded that Kolkata is the highest polluted megropgﬁtan
city in respect of PAHs [247].

10
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', +Ambient; PAHs jwere monitored in residential and industrial afea of Delhi in 1998
during. winter] summer-and .monsoon and this .study was reported.in. CPCB [248]. The
concentration of PAHs during'winter, summer and monsoon was 30!3-60.9 ngm™, 16.0-
29.3 mgm?’} and+9.4-27.8 'ngm™ respectively[249]): So,} maximum PAHs: level wis
observed in winter!

By B )1() Poazens .1 T AT S LN | RN
0 A prlot study was camed out to examine the PAHs proﬁle in PMm m a res1denttal
LR AN o b - " f AR L
srte in New Delhl The reported value in this study was also found to be comparable wrth

E ‘All" o a0 B tl-w,nl“\J R VY B AR Yooy & s ,

that of TEERI [250] and also inferred that local source srgnatures are needed to get a

e !,»( R KLV PN ' Ly HY . J

complete picture of organic fractions of urban aerospls [?5 1]
Al f, 4 e fh ot

Snnultaneous ram and a1r samplmg was performed for thlrteen rain event in

» st

Trombay, Mumbal durmg monsoon season in 2001 This study observed that with the

1% 4 AT

mcrease of molecular werght the gas phase scavengmg ratio of PAH also mcreased and

oy

3

for volattle PAHs the particle phase scavenging ratlo values were found to be higher
[252]

oy 7

Suspended particulate matter samples were collected in' Jawaharlal 'Nehfu

Umversrty Campus for PAHs analysrs Seasonal vanatron was investigated in the study

Was 1L MEELELS S L P

and reponed maximum concentratron in wmter and mmrmum durmg monsoon‘

Hord G ‘ n v Yyt el | N

Seasonahty in source signatures was also revealed with major contnbutlon f.rom coal and

- N TIVPRNT

wood combustron in wmter samples. However diesel and gasoline dnven vehicles were
JAS

1dent1ﬁed as prmcrpal PAHs sources in atmosphenc partrculate matter throughout all

i RN} i ot

seasons by usmg PCA [253]

i Alternative fuel is the very way out for air quality improvement. Keeping this mn
mind KHhillaré et all"[254] investigdtéd 'the coniparative study’of PAHS concentrations in
PM, ¢ from three ared§ Dafyaganj (DG), Moti Ndgar (MN) and JNU'in Delhi during Pte-
CNG and Post-CNG period. This $tudy'reVealéd that use of ‘alternative fuel could lead to
58-68% reduction of Y} PAH concentratron

et g, IR P2 B PR ¢ 0 H

'

i+ i Pandit et al:*[255] carriéd out a’study’6n' PAHs"in! ambBient- air' of creek area'to
investigate' gas'influx direction in air'water interface- The study revealed dctive transfer
of LMW dissolved PAHs inid. the atmosphere due to volatilization’ and’ deposition of
HMW gas-phase PAHs into the surface water:*
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zv+» " Levels of 3PAHs: in the suspended particulate: matter of an‘urbanised industrial
site of-Inidia was monitored-at two locations: the CISF building Sector 4, Bhilai, and the
MPEB station ‘at Bhilai-3, the twin city. of Bhilai-Durg situated.in the Mahanadi'(Great
River); basin! of the-Madhya Pradesh.’Concentration range of BaA;-BbF.and BaP .which
are potentially weak and moderate carcinogens were BDL-1.56x10:' pg/m3; BDL-
1.28x10" pg/m and BDL-1.01x10" pg/m’ respectlvely in ambient air of Gwahor city,

FRAR AN Predm gy A ng a2 N A RTENTRM AN
Madhya Pradesh (covermg all Industrial, Commermal & Resrdentlal zones) Higher
NG R A T A L R LR A C A R TS P L AL A
concentratxon was observed in winter at commercial areas & minimum at resrdentlal area.
RO AP P R SR ¥ R 201 P DR LU T A S X
Enhancement in dtsmtegratlon rate of orgamc compound in summer was the reported
H NIV SNy B N £ LI A

possible cause of such concentranon trend [256].

it 'H’;J.," Hag * it H .
PAHs in the suspended partlculate matter and respirable suspended particulate
" 2 P S ;.«'Kta) " "‘.}’/lg .“l" {1 v 7 N ' "Jf;zrhhx')"
matter were studied in airborne pamculate matter in a petroleum reﬁnery in west coast of

Al
Lat tae LNt el TH H(«: L saar

India in six directions. coinpanson of the PAHs concentratlons showed that the
RO Q) I RO 7L N S VI PRIV S I WL NTTIR ) SU PRI LR SO 13 B

!
average PAHSs concentrations in majot Indian cities were in the range of 5 81x101

9.6925x10™ pg/m’, which is less than the PAHs concentration of 10.92-100.82 pg/m
ound the refinery [257].,,.,

u [RY R

AN pogab ek %S TR SR T AR IR/ Ilhf“ I ER v‘an A?"t”ﬁ"’ IS YYA
In Nunha1 ‘an industrial site in Agra total PAHs concentratlon in TSPM from

B1VN TALTS ISR ENALT NIREE AT 4 AN R4 ] [UIR S TRPILAT S Tt‘,‘uh“ [ Il n.:I )f 1

December 2005 to August 2006 was monitored. A relationship between PAH

L fac o Goedieh aneey w o g boice on g by g0 v pmee 4L e o 1 10 cad
concentratlon and temperature was revealed where winter concentration of PAH was

four-fold hrgher than summer .Hrgher: Iﬁ;el‘ ééﬁ's,u}xfptmh co%pied wrth lo\(»"er r’r;u;mgk layer
heléht Hl[ovv};i !tejmpehrature{s and 'léss ghgt(odeg’radatfon ‘\save're ci,:);rs’idvereclc to be the possrble
cause of such high PAH level during cold periods [258]. Ra]put et :;f [559] conducted
another similar study:on PAHs i the, same area from May 2006.to September 2006. The
results;indicated, that: PAHs, concentrations were, higher, than many other industrial sites.
Such higher concentration of PAHSs,revealed, their;higher, emission rates in Nunhai as
well as higher adsorption of gas phase, PAHs by TSEM. |

ELELN B L

Masih et al. [260] measured PAHs in airborne partrculate matter (PM,o) from four
differenysites, of industrial, residential,, roadside and, agriculture- area. in. Agra, amongst
which industrial site recorded highest total PAHs concentration, The PAH concentrations
in indystrial; (9,79x10% .pg/m’), residential, (3.46x107}: pg/m’), and roadside (2:87x107
pg/m’) areas of Agra are less than the concentrations found in Taiwan, (0. }lOlpg/m?)
[industrial] [261] and 7.45x10? pg/m’ [residential] [261] and in Italy/Chile (5.48x10>
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[T.68x10:% /jig/m’™:[roadside])- {2145 262], iréspectively. In sthe rpresent: study,. ithe
concentrationofi PAHS (8x 1071 g/m?)sin:agricultural areasswas foundito.be higher ‘thari
in Malaysia/Taiwan (3x1071/5%10%.ingz m=3).s-Another- study i in’ the*same aréasfor
gaseous/particulate bound PAHs of outdoor rural environment was carried out. In this
study the highest concentration was recorded during winter, lower in summer and lowest

in rainy season [263].

; ,In Ambathur -Kolathur, Sa1dapet, and Egmore representing urban,, commercial,

LUk Law [y ri ety
ban-residential, and sindustrial regions, of, Chennai-PAHSs,in EM; 5. was measyred,.and

found higher than (National Ambient Air Qulaity Standard) NAAQS annual average of

14

Ing/m’ indicating, an  alarmin

3

g,pellution  level. in; Chennai [264).,.Singh: et al,, [265]
monitored PAHs in; PMigyand, FMyiscat; G.G. S I.P University.campus in eastern part, of

prai v it

Delhi. This study found concentration of both PM,p and PM; s higher than the prescribed
iimit 6 WO akd thé NKKQ”é{v’“ b’)l’CPCB India’ ZPAH Lottlentrafidns’ f‘driPl{/‘lm and

o1t > o ool ORI e TXT N 1 UG TANCA R FAS E0)) srvro Lanat nng g
PV, werd iitiich Higher ini Wifltef' b ‘coparel to simer with! predominanice 6f 4:6 rirg

PAHs (80-95. 8% of 2PAHs). ..

LG e s34l ppTE BEE bt P

sy

“""’“Gup “et al’'[266] frieasured UP AHs (Pyr ‘BaP, BgP-aid BbF) int'athbiént 'derosol
particles using a ﬁve-s'tage; {mpactdr'at six different Sites'in Dellli'for' bbth the coarse and
fine fractiond, Tt had alsh beeh! bbserved t'hg ¥ PAHS 'coné¥ftiations i most 'of the

R UASIE oAy i 1 S BRI ER'S

CASYTinibade Withi decrease itt'thie particlé size, with'lowest Eoficentration in >10.9 pm
i26'4nd highest in’<0.7 pim’*> !

PAHs in ambient respirable particles PMm from Jawaharlal Nehru University

JALIRS

cattipus’ i(JNU)‘ iti Dl ‘wete récorded? Nearly 85% ‘of the PAHS proﬁle was dominated

by orblistich-dinved’ larée rmg icompounds thill were cdnsidbted 1o be 1661 m\origin‘

AR e R A P I LA LA

It thrs study for the first tlme*both orgamc afid ‘metallié chiaracterisation in "atmospheri¢

\\1’7(; (71’ ufyf

partlculate was conducted‘ Which revealed 3 better tésdlt for Sotirdé 4oboritinient M 751"

. 5o/ passive, air. sampling,was carried, outto estimate ambient RAHs, in Imphal
(urban); sThQUlzal;(rur,al)L@nd ‘Waithou, (mountain) of Manipur;, Northeast India in the year
2009:, The,,urban , air, was; found to;be, most .polluted, compared, to, that;of rural,and
mountain. The PAH profile was dominated, by,2-3, rings PAHs. .Seasonal variation, was
observed, for, PAHs ;with higher;concentration, during, autumn; and./winter.compared ,to

spring ;and summer., Diagnostic, ratio, indicated, sources of .diesel;and, gasoline .driven

13 i
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vehicles in urban and mountain sites while (coal burning in rural site PAHs. Sources of
PAHs were identified to be both local and long range transport of southern Indian cities
including Indian coastal regions and from Bangladesh [267].

2.2.2 Indoor PAHs

s Biofuels, including’ wood, “dried animal-dung ‘cake and crop waste, ‘are used

extensively for cooking energy in Tndia. High'concentrations of PAHs in particulate have
been reported 1n indoor‘environments, during bibfuel’‘combustion for cooking.' In India
70% 'of population’ depeiids 'ofi'such biomass fuels for domestic cooking, and 78% 'of thé
population thrivés on'the'bidinass' filels in general'[243,/268; 269-270)) '+ T w1 vn
bad esre B0 7 odnm A b /T ibad Yo noogaia cagoo brsad chote ad T T

, - Raiyapiet et.al. ,[270] mvestlgated;mdoor PAHs in kitchens with varied fuel type in
Ahmedabad and found oyer 75% of the PAHs were in the particulate size bins of <2pm.
i PO B UG AT S T MR S VM L S e R O i B A S P PR P

F4 iy

Pandit et al. [271] conducted a study on PAHs of Partlculate matter in Trombay,
Mumbai, for, Jndoor and outdoor; ofy‘three houses where kerosene was used aspcooking
fuel. Th1s study revealed srgmﬁcant mdoor pqu},‘?r}s dger,to use of kerosene A8 fuel
Moreover, mean, concentrations of. some, individual PAH compounds, were, found with
thher values by apprommately an, order of magmtude in mdoor cookmg envrronn;egts

than outdoor cooking environments with the effecuve total daxly exposure was, two times

-~ IV N

higher than that from ambient.
Beisius s u NN
‘ , As cooking stoves osing biofuel are”hlgh in use in Indian cond,i;io,ns,‘ size-
resolved emission factors of PAH from such cooking, environment in India were
n;egsured using a dilu‘tgon sampler. Emission factors of ZPAH for wood, briquette and
dung cake combustion were in the range of 2x10° ~3.2x10” mg/ g, 2.8x10°~3x10”° mg/
g and 3.1x10°-5.5x10* mg/ g respectively for per mass of fuel burnt [272]. In a rural
aréa of LucKrow -in‘north India’ YPAHs in particle bound.indo6r’ cooking area was
monifored. This- study reported-that’ the - concentrations”of: carcinogeni¢: PAHs were
significantly high in breathing zone 'and in surrounding aféas during cooking’ovér chulhia
ift rural India dnd‘was higher ‘during winter'than summer: PAHs' coficentrations Wefe aléo
increaséd considerably diiring biomass' combustion’” This. the - daily! exposure-to high

T L 4 £ ' 1] . . . - A .
concentrations of carcinogenic PAHs in indoor’ air ‘environment *could lead :to~chronic
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pulmonary illnesses in rural Indian women while cooking food {273]. Ansari et al. [269]
conducted a study on PAH compounds in PM; 5 and PM,, from North India, Bhithauli
near Lucknow during cooking period and non-coocking period. The pollutant levels
during cooking were significantly higher compared to the non cooking period. This study
also confirmed that indoor pollutiori depends on the kind of biomass fuel used for
coo‘king. In ’Agra PAHs in kitchen, living room and in outdoors at urban site was
recorded, where maximum cbn'cé.ntration was found in Kitchen. But the high BaP
concentration was detected in ro:c\dside living room (37.75+£3.74) [260]. In this study,

BaP level of kitchen in both roadside and urban areas were showing similar trend.

To prove the hypothesis that PAHs emissions differ with variance of biomass fuel
used, Singh et al. [274] determined emission factors and emission estimates of PAH
emitted from dung cake, fuelwood and crop residue from rural household of six states of
Indo-Gangetic Plains in India including Delhi, Uttar Pradesh, Punjab,, Haryana,
Uttarakhand and Bihar. The average emission factors of total PAHs from dung cakes,
fuelwood and crop residue are found to be 59.5 +19.9'mg kg™', 52.5 + 19.6 mg kg™’ and
40.9 + 15.2 mg kg~' respectively. The emission factor of particulale phase PAHs
(56.5 mg kg™', 45.3 mg kg™' and' 35.8 mg kg~') was observed to be higher than that of
gaseous phase PAHs (3.1 mg kg™', 7.2 mg kg™ and 5.1 mg kg™') from dung cakes, fuel-
wood and crop residue, respectively. Individually Anth, Flan, Pyr, BaA and Chry were
found to be dominant in studied biomass fuels. Moreover, the average emission estimates
of PAHs were determined as 2.95+*098Ggyr', 3.13+1.08Ggyr" and
0.66 +0.26 Gg yr™' from dling'c'e’lkes, fuelwood and crop residue, respectively.

+

Emission factors of, PAHs were also estimated in emission from different
religious and ritual burning practices including pyrolysis, flaming and smoldering in
India where natural and synthetic biomaterials are used in different proportions. Five
different types of religious and ritual places were selected for sampling which included
Hindu Temples (HT), Muslim Holy shrines (MG), Buddhist Temples (BT), Hindu
Marriage Places (MP) and Cremation Centres (Hindu Funeral Pyre) (CC). The average
emission factors of total PAHs (TPAHs) was found to be 77.04+5.39, 99.09+6.02,
90.35+6.76, 22.78+1.57, and 77.15+6.16 mg kg™’ from MP, MG, BT, HT and CC
respectively. Country level emission budget of particulate bound TPAHs was found to be
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0.47 Gg yr’'from religious and ritual burning practices which contributed 23% of the
Indian emission budget of PAHs'(2.07 Gg yr“) from unknown sources [275] .

Thus in Indian context, PAHs in air have been extensively studied in many urban
and their adjoining areas. In various possible aspects of ambient PAHs concentrations
from outdoor including particulates of different sizes, from various type of motor
vehicles with different fuel used, in various urban junctions, in various period like pre
CNG, post CNG etc to indoor considering variety of cooking fuel used with different
possible cooking stoves, different rituals in Indian environment were considered for
investigation. According to the WHQ, India accounts for 80% of the 600,000 premature

deaths that occur.in South- EastiAsia annually due to indoor air pollution.

2.2.3 Soil PAHs

1t

Soil is the main source of atmospheric dry and wet deposition. The carcinogenic
potency of PAH load in traffic soil of Delhi was measured and found to be 2ltimes
higher than as compared to the rural soil. }BaP-equivalent concentration (BaPeq)
concentration in traffic soil (1.00943 pg/g) [97] was higher than in the roadside soil of
Shanghai, China (8.92x10" pgBaPeq g—1) {276], surface soils of Agra, India (6.50x10"
'ugBaPeq g-1) [277] and n soil from Tarragona County of Spain (1.24x10"'ugBaPeq
g—1) [278]. Ray et al. [279] monitored PAHS 1n the Soil o'ft IGI airport Delhi. The airport
soil was found to be 2.58 times more contaminated with PAHs, than background soil. In
the roadside soil of Jalandhar, Punjab the total average concentration of PAHs was
estimated to be 7.7x10"-46.46 pg/g [170]. While comparing with available literature
data it was revealed that Jalandhar city’s average of 16 PAHs during autumn (16.38 pg/g)
and winter (4.04 pg/g), was quite high as compared to many other cities of the world
such as Kota Bharu, Malaysia (1.45 pg/g); Fadzil et al. [280], Australia (3.30 pg/g);
Yang et al. [96], but lower than few other cities of the world such as USA (58.68 ug/g);

Rogge et al. [134].
. {

PAHs distribution and human health risk was also assessed in urban soils of
Kurukshetra, India [281]. Environmental and human health risk assessment was cmied
out in terms of parameters such as BaP total potency equivalent (BaPTPE), inde)z of
additive cancer risk (IACR), life time average daily dose (LADD) and incremental
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lifetime cancer risk ((ILCR). The BaP total potency equivalent (BaP TPE) ranged
between 8.9x107* to 0.87 mg kg™ with average of 0.194 mg kg™". For adults and children
the incremental life time cancer risk (ILCR) of PAHs .was' estimated as 8.1x107° and
4.2x107°, respectively. All the estimated parameters for-environmental and human health
risk assessment were lower than guidelines and acceptable levels. This inferred the area

is safe in terms of human exposure to soil PAHs.

Among all these studies the maximum concentration of PAHs was reported from
soil of IGI airport Delhi..

2.2.4 PAHs in water

A fewlstudies were taken up so far to qstimate,PAHs in water in India. Moreover,
source apportionment of respltant PAHs was also scanty. Sahu et gl. [252] reported
PA‘HS in rainwater from T,rombay, Mumbai. In raiqwate;.the LMWPAH:s like Phen, Flan
and Pyr were dominant than the HMW compounds. Another study was carried out for
PAHs in sea water of Mumbai by Pandit et al. {255]. The result of this study revealed
gaseous influx in air water interface. Water of Kolleru lake wetland, east coast of India,
Andhra Pradesh reported with range of total PAHs concentration 5.6x10%-2.38x10™"
pg/L and maximum concengation of BaP was 9.1x10? ug/L [282]. Malik et al. [283]
recorded the USEPA 16 PA}§s in rainwater of Lucknow city. Here also it was found that
the LMWPAHS like Acy (three ring PAHs) dominated over the HMW compounds which
may be due to higher water solubility for LMWPAHSs. The results of this study were in
accordance with that reported by Sahu et al. [252] in the rainwater of Mumbai city
(India) and in the rainwater of Turkey [284], however, relatively lower levels have been
rei)orted in the rainwater of Singapore [285]. Rainwater of Lucknow was the highest

reponed*to'ta‘I PAH:s till now.

4

4 t

i.2.5‘ River Sediment PAIis I

As river and-lake are the main source of water for majority of Indian population,
their sediment toxicity with PAHs is now a major concern for researchers along with its

ecotoxicological effects. In the bank sediment of one of the important river of India,
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Yamuna, level of PAHs was measured. A comparison with 'earlier studies across the
world reveals that PAH concentrations reported here were on the higher side [286].
Amaraneni [282] reported PAHs in'the sediment of Kolleru lake wetland in east coat of
India, Andhra Pradesh:. The result -of*the study indicated that the lake need proper
management as this lake is often used for prawn culture. In the Gomti river sediment,
Lucknow USEPA 16 PAHs was measured. This study revealed that some sites of the

river may lead to occupational risk for PAHs [287].

As mangrove has many ecological importance for the environment; PAHs in
sediment cores of Sundarban mangrove wetland was also monitored. This study found
that from an ecotoxicological point of view, the study sites appear to be moderately
polluted [288]. Choudhory et al. [289] studied PAHs in sediment Cores from the deepest
part of Nainital and Bhimtal respectively, the two Kumaun Himalayan lakes, northwest
India in Uttarakhand. The concentratioris in the lakes are much higher than in other
remote lakes over the world. Amoné all the'se' studies of PAHs on sediment,

concentrations in Nainital and Bhimtal having great ‘ecological 'significance was found to

L .
L Y . i

beé highest and is of major concern.

2.3 Sources of PAHs in Environmental Matrices, Indian Context

Researchers had applied various methods for .source apportionment of PAHs.
Due to similar chemical nature certain PAHs and their ratios were used by resedrchers as
marker for source study in the environment. Also multiple' regression and principal
component analysis were frequently used for source identification of PAHs.

Results of diagnostic ratio of BaP/BgP 1ndlcated a greater contnbllmon of the
traffic sources to the ambient concentrations of PAHs in two stations of Bhﬂal l[212] "11‘1\16
qualitative source apportionment presented in particulate of Mumbai mdlcated the large
amount of Pyr was likely from cooking-fuel combustion (animal manure, kerosene and
liquid petroleum gas) in addition to vehicular emissions. At the Bombay IIT site,
primarily vehicular emissions along with cooking fuei emissions were the likely
contributors while industrial oil burning was an additional contributor at Saki Naka,

accounting for the higher concentrations of Pyr and Chry/BaA [246]. ‘
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With growing concern among researchers for vehicular sources of PAHs mainly
in urban areas; PAHs profile in Indian cities with various types of vehicles with unique
use of fuel was reported. PAHs in the exhaust from three different types gasoline driven
vehicles cars, autorickshaws and scooters in Delhi was monitored. The percentage
contribution of BaP to ) PAHs was 1.1%, 2% and 2.6% for cars, autorickshaws and
scooters respectively. The redason for such high concentration of PAHs in the present
study as compared to the concentration reported elsewhere could be the age of the
vehicles, driving condition, quality of the fuel, engine conditions etc [290]. A similar
type of study in Delhi in two different type vehicles (buses and truck) which use diesel as
fuel was performed. The PAHs concentration was found to be higher in case of truck
than bus [291].

Qualitative analysis using marker compounds sugéested that biomass and/or
refuse burning and motor vehicle exhaust Kycvamissions were found to be primary
contributors to the organic fraction of ambient PM;o in the residential sites of southern
Delhi [251]. Molecular diagnostic ratio analysié for PAHs in PM, suggested that diesel
emission was the major source contributor in 1998 and gasoline for 2004 in Delhi [254].
Source apportionment study in total PAHs concentration in TSPM at Nunhai, Agra
through correlation analysis revealed that LMWPAH was mainly due to primary
emission from diesel exhaust while the HMWPAH were formed during combustion
process, while good correlations between BkF, IP, Flan and Pyr indicated the
contributions from gasoline and diesel combustion. Molecular diagnostic ratios of
Flan/(Flan+Pyr), BaP/(BaP+Chy) and BaA/(BaA+Chy) with values 0.38, 0.8 and 0.66
respectively were indicating contributions from diesel combustion whereas IP/(IP+BgP)
and IP/BgP ratios of 0.33 and 0.49 respectively were comparable to that for diesel and
gasoline emissions. Moreover IP/BgP and BaP/BgP ratio indicated the dominant
contrit?ution from traffic emissions [258]. With same source identification method in
another study of Agra, prevalent contribution of sources such as vehicular emission from
g:;lsoline and diesel engine were ide;ntify to contribute particulate PAHs [259]. Factor
analysis of PAHs in airborne particulate (PMo) from Agra implied that the sources were
stronély linked to land use at each particular site [260]. The correlation analysis of PAHs
in Agra during winter season (November 2006 to February 2007) su;ggested that gas
utilities, cooking (frying and oil 'combustion), smoking and incense burning were mainly

attributed to PAHs in indoor environment [260]. Source apportionment of
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Gaseous/particulate bound PAHs of outdoor rural environment in Agra with correlation
and factor analysis indicated cooking/diesel fumes, burning of biomass fuel (cow dung
cakes/wood/coal) as potential sources of PAHs [260]. Factor analysis suggested: that
vehicular emissions of petrol and diesel-driven engines inclusively contributing to PAHs
in PM,s as probable sources in Chennai [264].- The results of ‘diagnostic ratio and
enrichment factor analyses in PAHs in PM;¢ and PM; s at G.G.S.I.P University campus in
Delhi showed that vehicular and anthropogenic emissions related to combustion,
industrial processes as well as natural sources associated with the transport of dust from
the roadside area were the major pollutant sources for PAHSs [265]. The principal sources
identified for PAHs in ambient aerosol particles at six different sites in Delhi were
vehicular emission and coal combustion. Some contribution from biomass burning was
also detected [266]. Principal component analysis—multiple linear regression (PCA-
MLR) technique reveaied‘ mamly four sources with their 'respectiveA pércentage
contnbutlon of crustal dust (73%) vehlcular emission (21%), coal combustion (4%) and
‘mdustrlal emission (2%) for PAHs in PMlo from JNU campus in Delhi that was further
validated by hlerarclllcal cluster analy51s (HCA) [173].

The use of PAHs and inorganic (metals) tracers like Fe, Mn, Cd, Cu, Ni, Pb, Zn,
Cr etc being co-emitted from similar sources such as biomass burning, coal and
petroleum combustion, vehicular emissions, coke and metal production etc. improve the
process of source apportionment to get higher resolution results. In Indian context a few
such studies were performed by Sarkar et al. [173], Amaraneni [282], Singh et al. [265],
which reported their similar emission source. So, this is another very important aspect to

be explored for researchers while executing PAH study.

In some of the studies source apportionment of PAHs in soil and sediment
through marker compounds and statistical analysis’ was also adopted. In the source
apportionment study of bank sediment of Yamuna river the value of Phen/Anth ratip,
0.69 + 0.54 (<10) and BaA/Chry ratio, 3.16%2.87 (>1) in the s{udied sarﬁples
demonstrate tfxe classical role of pyrogenic sources. While average value of Flan/Pyr
ratio, 0.9240.62 suggested common sources i.e. combustion as wEll as petroleum also. In
the present study average of ratios Anth/Anth+Phen, Flan/Flan+Pyr, and BaP/BaP+Chry
at all the sites §howed that PAH in river sediments are deriyed primarily from

combustion sources including fossil fuels (gasoline, crude oil, and coal) and biomass
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(wood dnd grasses) [286]. Factor. analysis and isomer pair ratios suggested pyrogenic
origin of PAHs .in the Soil of IGI airport Delhi [279]. Principal Component Analysis
(PCA)'provided the fingerprints of vehicular traffic emission and coal combustion in the
urban traffic sites in-Delhicand IP/BgP ratio indicated that PAH load at the traffic sites is
predominated by the gasoline-driven vehicles [97]. According to observed molecular
indices, PAHs contamination in the river Gomti seemed to be originated both from the
high temperature pyrolytic process as well as from the petrogenic source, indicating a
mixed PAH mput pattern [287]. To assess the PAH sources in the sediment of Nainital
and Bhimtal lake, diagnostic ratios were calculated including: (i) Y LMW (Naph, 2-
mt:tﬁ&lnaphthalene ‘1 -methylnaphthalene, Acy, Acen, Flu, Phen and Anth) to
ZHMWPAHS 1- methylpyrene and 2- methylpyrene) and (u) Phen to Anth. Nainital
sedlments reveal a dommance of LMW over HMWPAHs. In contrast the Bhimtal
sedunents were found' to be dommated with HMWPAHs completely. This implied that
PAHs in these lakes were derived from petrogenic sources [292, 293] and are mainly of
anthropogenic origin [289]). The PAH diagnostic ratios indicated that the PAHs in the
sediment cores of Sundarban mangrove wetland were mainly of pyrolytic origin, mainly

transported by surface runoffs [288].

Moreover, Indian soil (Delhi soil) PAHs witnessed a significant correlation with
black carbon which could be used as a better predictor for PAHs presence [151]. So, this
is another very important aspect of PAHs study having a lot of scope for researchers of

this country.

In Indian context the preliminary studies of PAHs mainly begins with the most
toxic indicator of PAHs i.e. BaP and their concentration in the ambient environment. The

frontline analysis of these compounds was performed with spectrofluorometer {243,244].

In the 1990s PAHs study extended from just BaP to a group of 8PAHSs and then
{2PAHs compounds. Accordingly the analytical methods also upgraded with HPLC
system with UVA detector and HPLC with florescence and GCMS detector [212, 245].
In the 21* century the scope of majority of studies now look into USEPA recognized
16PAHs concentrations or the no of compounds are selected according to the importance
and viability of the work. For PAHs study sample preservation and method
development often encounter some limitations. In most of the Indian studies on PAHS,

researchers are following the classical methods of USEPA or methods developed by the
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researchers of western countries. Going through' all these literature, it seems there is a
very urgent need for detailed and systematic study of/PAHs in various’ environmental
matrices in Indian conditions. This " part of South Asia with different climatic,
topography, green cover, cultural and ethnic groups thus:encourages divergent scopes of

monitoring of environmental exposure to PAHs.

In 'India ’although different aspects of atmospheric PAHs were assessed by
researchers, studies on atmosphenc bulk deposmon of PAHs are observed to be scarce.
Atmosphenc bulk deposition of PAHs is the comprehensrve pathway for transfer of these
compounds to other envrronmental matrrces In India, prevaﬂmg atmosphenc condmons
durmg different seasons of the year are unique. Thus the factors governmg bulk
deposmon of PAHs in India are quite discrete from that of other parts of the world As
we have for the first time attempted to estrmate PAHs in bulk deposmon and thClI'
51gnature in other envrronmental matrices, these mformatlon w1ll act as baselme for

further studies of bulk dep051t PAHs in Indlan context
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Chapter3: Materials and Methods

3.1  Study Area

The study was carried out in Guwahati which is often considered as the gateway
of northeast India. It is a very rapidly growing city situated between the bank of
Brahmaputra River and the foothills of Shillong plateau. The city has a geographical area
of 340 km® It has a dense human population with high density of vehicular traffic.
According to 2011 census Guwahati metropolitan region has recorded a population of ~1
mill‘ion which is an increase of about 8% to the 2001 census. According to the district
transport office information Guwahati metropolitan region witnessed a vehicular growth
(light motor vehicle and heavy motor vehicle) of about 87% from 2000 to 2012 with

58,638 number of vehicles on road condition in the year 2013.

Its geographical coordinates are 26° 10' 0" North and 92° 49' 0" East. The city is
situated on an undulating surface with its altitude varying from 49.5 to 55.5m above
mean sea level. Guwahati has a warm and humid climate and the monsoon brings heavy
rainfall. The summer and winter are extreme with mean maximum and minimum of
31.8° C and 25.5° C in summer and 23.6° C and 10.2° C in winter respectively. Monthly
mean of temperature (T), relative humidity (RH), wind speed (WS), wind direction (WD)
are shown in Table 3.1. Windrose of Guwahati during entire study period from February
2011 to February 2012 is illustrated in Figure 3.1. From the windrose it was observed
that wind in Guwahati was mainly north-easterly type. However, with the onset of

monsoon wind pattern got shifted to westerly and south-westerly direction.
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Table 3.1 Sampling periods and mean monthly weather attributes

Monthly mean = Monthly mean Monthly mean ~ Monthly mean Monthly mean
Month Temperature Relative Humidity Rainfall Wind Speed Wind Direction
°C) (%) (mm) (Km/hr) Degrees
Feb-11 19.9 70.9 234 0.96 85.6
Feb/March-11 23.2 65.5 473 1.67 227.7
March/April-11 249 70.6 322 2.16 194
Apr/May-11 272 70.7 78.5 2.39 116
May/Jun-11 20.8 594 143.1 1.88 181.1
Junl-11 24.5 60.4 171.5 1.69 185.8
Jul-11 28.1 76.6 182.7 2.07 191.1
Aug-11 28.8 87.5 421.7 2.31 198.8
Sept/Oct-11 29.1 85.2 2274 1.08 188
Oct/Nov-11 29.1 85.5 5.2 1.05 192.5
Nov/Dec-11 28.5 87.3 1.5 0.83 172
Dec-11/Jan-12 252 81.8 9.6 0.44 123.8
Jan/Feb-12 20.6 83.2 9.7 0.69 109

Source: Regional Meteorological Centre, Guwahati
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Figure 3.1: Windrose of Guwahati during the entire study period of February 2011

to February 2012.
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3.2. Sampling -

Samping site locations are shown in Figure 3.2. Five representation sampling
locations for bulk deposition, soil and street dust in Guwahati city were selected based on
their land use pattern. They included industrial site in Noonmati-Narengi area (S1),
commercial site in Machkhowa area (S2), Traffic site in Gauhati University (S3),
residential site in Khanapara-Beltola area (S4) and forest site in Basistha area (S5). The
S1 site consists of an oil refinery of Indian Oil Corporation Limited and Coal India
Limited. S2 site being the commercial hub of the city with the presence of a bus station
make this place busiest all the time. S3 location is very near to a traffic junction which is
the connecting point to the city from other parts of the country. Therefore, this site has
heaviest traffic density in Guwahati. S4 area comprises of many residential apartments
together with some major government establishments. SS is a forest area not so far from

the main stream of the city.

Surface water and sediment samples were collected from the Bharalu River
passing through the urban stretch of the city. Bharalu ori'ginateS as Basistha River in
Meghalaya hills which finally meets Brahmaputra. Guwahati is situated between the
bank of Brahmaputra river and the foothills of shillong plateau. The geographical
coordinates in the origin of the river are 26.094301 Ilatitude, 91.785223400(}0005
longitude. The geographical coordinates of the river in the meeting point to Brahmaéutra

is 26.1735867 latitude and 91.7313747 longitude.

Samping sites of water and sediment sampling of the Bharalu River are shown in
Figure 3.2. Seven representation sampling locations in Bharalu River were selected based
on local activities and effluent discharge points. The sites were Bhralumukh (R1),
Kumarpara(R2), Athgaon(R3), Rajgarh(R4), Zoo road (RS), Sundarpur (R6) and
Dispur(R7). Bharalumukh is the confluence of river Bharalu and Brahmaputra.
Kumarpara is mainly a market place with some residential apartments. High traffic
density is also observed in this site with mostly 2-3 wheeler light motor vehicles.
Athgaon is an important commercial area and large business houses are built up here.
Rajgah is a very busy place with thick vehicular traffic. Many commercial complexes are
set up in this locality. Zoo road is a mixed commercial and residential area. Assam
Industrial development cooperation is also locatéd in this area. This is the heart of the

city and it connects to the railway station. Sundarpur is completely a residential place.
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Dispur is the capital of Assam and Assam Secretariat House is located here. Lots of
vehicle movement is common here with frequent traffic blockage. Dispur is considered
as main hub of the city. All the sampling sites with their coordinates and prevailing

activities are shown in Table 3.2.

geed - - . .
? Dl Den e [ s
¢ o suim ~— D rigiey . . " @ B [}
g gy = Sy CIIREN W m em em W em e
e
ran ren wars win

Figure 3.2: Map of Guwahati showing sampling locations and sketch of India
where Guwahati has been marked.
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Table 3.2 Description of sampling sites in Guwahati.

Sites

Coordinates

Prevailing Activities

S 1: Noonmati-

Narengi

S 2: Machkhowa

S 3: Gauhati

University

S 4: Khanapara-

Beltola

S 5: Basistha

R 1: Bharalumukh

R 2: Kumarpara

91°48' 12.14"E

26°11' 4.78"N

91°44' 8.275" E

26°10' 38.017"N

91°39" 45.554" E

26°9' 17.845"N

91°48' 43.523" E

26°7" 18.732"N

91°47' 9.532" E

26°5' 42.356"N

91°44.798' E

26°8.49'N

91°73.555'E

26°14.713' N

Oil refinery of Indian Oil Corporation Limited and Coal
India Limited is located in this area. Considered as industrial

site

A commercial hub of the city and the presence of a bus

station make this place busiest all the time.

Very near to a traffic junction which is the connecting
point to the city from other part of the country. Therefore,

this site has heaviest traffic density in Guwahati.

Comprise of many residential apartments together with

some major government establishments.

1

A forest area not so far from the main stream of the city.

Confluence of Bharalu to Brahmaputra. A commercial and

residential area with heavy traffic.

Market place with residential apartments with high traffic

density with 2-3 wheeler motor vehicles.



R 3: Athgaon

R 4: Rajgarh

RS: Zoo Road

R 6: Sundarpur

R 7: Dispur

91°44.345'E

26°10.27'N

91°46.231'E

26°10.48' N

91°46.453'E

26°10.113'N

'91°46.586' E

26°9.34' N

91°47.424' E

26°8.519'N

Materials and Methods

An important commercial area and large business houses are
built here.

A place with thick vehicular traffic. Many commercial

complexes are set up here.

A mixed commercial and residential area and heart of the city.

A-completely residential area.

The capital region of Assam state, a busy commercial and
thickly populated area. The location is surrounded by residential
complexes, industrial estates, office buildings, schools,
automobile workshops and business houses. Lots of vehicular

movement is common here with frequent traffic blockage.

3.2.1 Bulk deposition Sampling

Atmospheric bulk deposition sampling of PAHs was carried out during the period

of February 2011 to February 2012 on monthly basis. For bulk deposition the study



Materials and Methods

period was classified into dry and wet seasons seven months of the sampling year had

-

more than 10 rain days, which were considered wet periods.

Bulk deposition was sampled using a passive sampler, which is made of a
stainless steel funnel. Samplers, in triplicate, were placed at an average height of 7m and,
in addition, a sampler covering with stainless steel sheet was placed as ‘field blank’
sampler. These passive samplers were kept open for both bulk deposition (mix of dry and
wet) for a continuous period of about 4 weeks. Fallouts were collected in a amber colour
glass bottle pre-cleaned with Mili-Q water and acetone. Monthly samples of each site
were mixed to make composite samples, which was carried to laboratory and stored at
4°C till further analysis. Overflow occurred at 5 instances during the period of May to
September 2011of the sampling period. For these samples maximum capacity of
collecting bottles were taken into consideration for calculation of results. Schematic

diagram of the sampler is shown in Figure 3.3.

'~ —1 Stainless Steel Funnel

v [ r=18.7cm

h=32.3cm

< — 1 Amber Glass Bottle

Figure 3.3: Schematic diagram of atmospheric bulk deposition sampler.
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3.2.1.1 Bulk Deposition Sampling Artefacts

Possible artefacts related to this type of sampler would be (i) degradation of
PAHs at metal sp,rface due to atmospheric radicals, solar radiation etc., (ii) re-
volatilization of PAHs,due to up-heating of the metal, (iii) particle blow-off due to high
wind speed [122]. Moreover,;overflow occurred at 5 instances during the period of May-

September 2011 might have affected PAH concentration in deposition /total PAH flux.

3.2.2 Soil Sampling

Soil sampling was carried out once in a season for 3 consecutive seasons, Viz.
monsoon, post-monsoon and pre-monsoon. Top soil samples (0-Scm) were collected with
a stainless steel auger. Five samples.were collected covering the entire site, pooled and
homogenized by coning and quartering to make a composite sample. Samples were air-
dried in dark, cleaned from twigs, stones etc, sieved (< 2mm) and stored at 4°C in the

laboratory until-analysed.

3.2.3 Street dust sampling

Street dust sampling was also carried out once in a season for monsoon, post-
monsoon and pre-monsoon. Samples were collected with a stainless steel dust pan. Five
samples were collected covering the entire collection area, pooled and homogenized to
make a composite sample. All samples were air-dried in a dark pl{ace in the laboratory
and then twigs, stones etc were removed from them..Then dust samples were sieved
through < 2mm steel sieve and characteristic samples were acquired after coning and

quartering. Till further processing street dust samples were preserved at 4°C.
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3.2.4 Surface water sampling

Surface water samples were collected during the post-monsoon and pre-monsoon
season from the seven sampling locations in Bharalu River. The samples were collected
with an amber coloured 1liter glass bottle. The bottle was pre-washed with ultra pure
water and acetone and dried in oven. After bringing to laboratory all water samples were
filtered with Whatman filter paper (no.4) to remove debris and preserved at 4°C till

further processing.

3.2.5 River sediment sampling

Sediment samples were collected during the' post-monsoon season and pre-
monsoon season from the seven sampling locations.- Sediment samples were collected
from the river bank with a fabricated collector made of bamboo. Three samples were
collected from each location within a distance of 1km. All samples were air-dried in
dark in the laboratory and then twigs, stones etc were removed from them. Triplicate
samples were pooled and homogenised to make a composite sample. Each sediment
sample was sieved through < 2mm steel sieve and characteristic samples were acquired
after coning and quartering. All sediment samples were preserved at 4°C till further

processing.

‘ - [

3.3  Reagents an'd ‘Ma‘terials

Standard mixture of 16 PAHs ($pecified in EPA method 610) was procured from
Sigma-Aldrich (Germany). The four internal standard mixture naphthalene-ds,
acenaphthene-d,g, phenanthrene-d;o and chrysene-d;; were -obtained from Supelco
(Bellefonte, PA, USA). All solvents (acetone, hexane, dichloromethane, toluene,
cyclohexane, pentane, acetonitrile, etc.) of HPLC and analytical grade were used for
sample processing and analysis. High purity deionised water from Milli-Q system was

utilized for analysis.

10
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3.3.1 Preparation of Na,SQ; for Column Caping

To dry the extracts, sodium sulfate (Na,SO4) was used. Na,SO,4 of 0.5 gm was
capped on the silica gel column. The extracts were transferred to the column and washed
with solvent. Although extra pure Na;SOs was procured from company to avoid
contamination it was kept for 6t;ours at 600°C in muffle furnace before use. Dried

Na;SO, was then stored in desiccators till use.

3.3.2 Cleaning of Glassware

Since PAHs are ubiquitous in our environment, utmost care was taken to reduce
co_n’tamination. Glas§ware were rinsed with acetone and cleansed with detergent and
chromic acid (Kz‘(lir207+conc.H2804) following several washing with tap water and
d’e’i'onis‘éd water. The washed glassware was then kept in oven to dry. Clean and dried

sl '

giassware 1w'f;re wrapped with aluminium foil till use. Aluminium foil was also kept in

oven at 600°C before use to avoid containination.

3.3.3 Instrument and Apparatus

A Waters High performance liquid chromatography (HPLC) equipped with UV
detector of 22489 series was used for PAHs analysis. A 4.6mmx250mm, Spm- particle

size Waters C18 column was used for PAHs separation in the entire analysis.

J

Analytikjena, multi N/C. withr a series HT1300 (High Temperature solid
combustion) was used for carbon analysis. The Instrument is equipped with a NDIR

(Non Dispersive Infrared) detector.

Anton Paar, Multiwave with a series of 300, microwave digester was used for

sample digestion for heavy metal analysis.

A series of Optima 2100DV Perkin Elmer Inductively Coupled Plasma with
Optical Emission Spectrometry (ICP-OES) was used for heavy metal analysis.

11
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3.4 Extraction and pre-concentration techniques used throughout the study
3.4.1 Bulk Deposition-

All deposit samples were extracted with liquid-liquid techmque One litre of each
sample was extracted three times with a rmxture of hexane and dlchloromethane (vlv,
85/15) {294]. Before extraction all the samples were spiked with internal standards
Extracts were combined and reduced to about 2ml. Then it was exchanged to

cyclohexane for clean up.

3.4.2 Soil

L] [ ) I t

PAHs were extracted from soil by ultrasomc agitation in dlchloromethane [295]
Before extraction all the samples were spiked with internal standards. Four grams of each
soil sample was extracted for 30 minutes by ultrasonic agitation (Bandehril’Sonorex) atha)
frequency of 20 kHz in 20 ml dichloromethane in tnphcates All three extracts were then
mixed and allowed to settle for few minutes. Subsequently extracts were filtered and
extracts were then concentrated to 1-2ml in rotary evaporator exchanged to cyclohexane

and kept aside for clean-up.

3.4.3 Street Dust

'

PAHs in street dust samples were‘ Iextracted by ultrasonic agitation using
dichloromethane as solvent [295]. Before extraction all the samples were added with the
four internal standards. Four gram of each dust sample was extracted for 30 minutes by
ultrasonic agitation (Bandelin Sonorex) with a frequency of 20 kHz in .20 ml
dichloromethane for thrice. All the three extracts were then mixed and allowed to settle
for few minutes. Subsequently extracts were filtered. The extracts were then concentrated

to 1-2ml in rotary evaporator. Then it was exchanged to cyclohexane for clean-up.

12
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3.4.4 Surface Water

Each 1000ml filtered surface water sample was extracted by liquid-liquid
extraction in a 2 lit separating funnel according to the method described by APHA [296].
Samples were shaken 3 times and each for 2min, using a mixture of 100ml n-hexane and
dichloromethane (1:1 v/v). Extracts were combined and reduced to about 1-2ml using

rotary evaporator. Then it was exchanged to cyclohexane for clean-up.

3.4.5 River Sediment

Sediment samples were extracted as developed and recommended by Hong et al.
[297] and Zhou et al. [298]. Sediment samples of 5+0.05 gm were extracted thrice by
ultra-sonic agitation using 50ml of toluene for 15 min with a frequency of 20 KHz. The
extracts were then mixed and concentrated to 1-2ml with rotary evaporator. Then it was

exchanged to cyclohexane for clean-up.

3.5 Clean Up

Clean up of samples was conducted as per USEPA 3630C [299]. PAHs in the
extracts were separated by a silica gel column of 10mm internal diameter. 10 gm of
activated (130° C for 12 hours) silica gel of 100-200 mesh purchased from Merck was
made into slurry with dichloromethane. The column was capped with Na,SO4 and
prewashed with 40ml pentane at the rate of 2ml min™' which was subsequently discarded.
The sample was then transferred with 4 ml cyclohexane which was cleaned using 25 ml
pentane and again discarded. Finally PAHSs in the sample was eluted with 25 ml mixture
of dichloromethane and pentane in 2:3 ratio (v/v). This extract was evaporated using

rotary evaporator to 0.5-1ml and exchanged to acetonitile.

Schematic diagram of sample preparation for PAHs analysis are illustrated in

Figure 3.4.

13
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SAMPLES I

Surface Water

Bulk Deposition Soil and Street Dust

Ultrasonic Extraction

Clean UP

Cl=an UP

Figure 3.4: Schematic diagram of sample preparation for PAHs analysis extracted

from various matrices.

3.6  Analysis
3.6.1 PAHs Analysis

Chemical analysis and quantification of PAHs was done in high performance
liquid chromatography (Waters) equipped with UV detector (254 nm) and Waters PAH
C18 column (4.6mmx250mm, Spum- particle size. HPLC grade acetonitrile and degased
water in gradient mode (For first 5 min held with 50% acetonitrile; in 5-20 min linear
gradient to 100% acetonitrile; till 28 min kept with 100% acetonitrile and from 28 to 32
min linear gradient to 50% acetonitrile; flow rate 1.5 ml/min) was used as mobile phase

for 32 minute run time [97].

The quantitative analysis was performed with external and internal calibration
method by calculating relative response factor (RRF). Three point average calibrations
were applied. Compound concentration was calculated using both peak area response and

mean RRF for both internal and external standard.

14
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Measurement with internal standard is considered to be more authenticate than
with that of external standards (Garga, 2004). Internal standards were added to samples
in equal amounts before extraction and to the calibration standards. The relative response

factor (RRF) was calculated as follows

RRF = ————
Ais X Cs

Where,
As = Area (or height) response for the analyte.

Ais = Area (or height) response for the internal standard.
Cs = Concentration of the analyte.
Cis = Concentration of the internal standard.

Thus, RRF for analytes can be estimated by running standard solution containing
internal standards. Mean RRF value within +£30% relative standard deviation (according

to USEPA method TO-13A) can be used for estimation of analyte concentration in

sample applying following equation.

As X Cisx D

Concentration = —
Ais X RRF

Where, D is the dilution factor [300].

Maximum %RSD of PAHs is shown in Table 3.3.



Table 3.3 Resultant maximum %RSD of PAHSs

PAHs Maximum %RSD

Naph 11.45
Acy 6.38
Acen 16.803
Flu 4.95
Phen 2.32
Anth 2.23
Flan 4.59
Pyr 8.36
BaA 3.75
Chry 30.83
BbF 7.64
BkF 17.72
BaP 4.623
DBA 23.92
BgP 27.469
P 14.189
3.6.2 Carbon Analysis

Materials and Methods

Organic carbon (OC) of samples was estimated in TOC analyser (Analytikjena,

multi N/C HT1300).

Black carbon (BC) concentration in samples was determined by thermochemical

oxidation method (CTO-375) following three steps. (i) Organic fraction of a known

amount of dried soil samples were thermally oxidized at 600° C in muffle furnace. (ii)

After cooling inorganic carbonates were removed by adding 6M HCI until effervescence

stopped. Soil samples were then dried at 60° C. (iii) Finally the residual carbon was
quantified as black carbon in TOC analyser (Analytikjena, multi N/C HT1300) [167]. In

case of bulk deposit samples BC was estimated in solid particles after filtration.

16
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3.6.3 Heavy Metal Analysis

For heavy metal estimation 0.5gm of each street dust sample was digested in
microwave digester (Anton Paar, Multiwave 300) with 9ml of conc. HNOs, 4ml HF and
Iml concentrated HCI for 35 min following USEPA method 3052. The pressure holds at
40 bars for first 20 minute and maintain till last 15 min in 0.2 bar/sec at 210°C
temperature. The analysis of all samples was performed in ICP-OES (Perkin Elmer
Optima 2100 DV).

The quantitative analysis was performed with graduated calibration method by
using 4 standards of 2.5ppm, Sppm, 10ppm and 20ppm concentration. Compound

concentration was calculated using peak area response and external standard.

3.6.4 Back Trajectory Analysis

Influence of air masses on PAHs bulk deposition from different directions around
study area was identified by building air mass trajectories using the National Oceanic and
Atmospheric Administration (NOAA) Air Resource Laboratory’s Hybrid Single-Particle
Lagrangian Integrated Trajectory (HYSPLIT) model (available at
http://www.arl.noaa.gov/ready/hysplit4.html) [301]. For each sampling, a 120hr (five-
day) backward air trajectory was computed at the occurrence UTC (Universal Time
Coordinated) time of deposition, at 500, 1000, 1500 m above the ground with 24 hours of

time interval.

3.7 Quality Control
3.7.1 Recovery Efficiency

3.7.1.1 Bulk Deposition

All samples and blanks were spiked with the mixture of four internal standards

prior to extraction to determine analytical recovery efficiencies. The average recoveries
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for bulk deposition samples spiked with 40 ppm of internal standard were 52.6+4% for
naphthalene-dg 78+28% for acenaphthene-d;o.

3.7.1.2 Soil and Street Dust

The average recoveries for soil and street dust samples spiked with 40 ppm of
internal standard were 68+27% for naphthalene-ds 50+0.8% for acenaphthene-d,,
67+1% for phenanthrene-d;o and 101+16% for chrysene-d,,.

3.7.1.3 Surface water

_ The average recoveries for water samples spiked with 40 ppm of internal standard
were 78+34% for naphthalene-ds 82+36% for acenaphthene-d;g, 31+6% for
phenanthrene-d;¢ and 74+29% for chrysene-d,;.

3.7.1.4 River Sediment

The average recoveries for ‘'sediment samples spiked with 40 ppm of internal
standard were 107+26% for naphthalene-ds 68+9% ,for acenaphthene-d,o, 30+5% for
phenanthrene-d;( and 37+21% for chrysene-d,;.

Chromatogram of external standard and mixture of internal and external standard

are shown in Figure 3.5. Retention times of 16 PAHs standard are shown in Table 3.4.

AR
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Figure 3.5: Chromatogram of 16 PAHs standard (concentratioﬁ 6f N;\ph=11.4ng/pl,
Acy=9.1ng/ul, Acen=10.6ng/ul, Flu=10.Ing/ul, Phen=10.5ng/pl, Anth=8.8ng/ul,
Flan=11.7ng/pl, 'Pyr———ll.lng/pl, BaA=11.6ng/pl, Chry=10.1ng/ul, BbF=10.6ng/pl,
BkF=10.8ng/pl, BaP=10.8ng/pl, DBA=11.9ng/pl, BgP=9.9ng/ul, IP=10.9ng/pl).

Table 3.4 Retention time of 16 PAHSs standard

Compounds Retention time {min)
Naph 13.334
Acy 15.448
Acen 16.549
Flu 18.359
Phen 19.124
Anth 19.677
Flan 20.560
Pyr 21.400
BaA 22.726
Chry 23.639
BbF 24.330
BkF 24.654
BaP 25.504
DBA 25.805
BgP 27.715
P 28.063
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3.7.2 Limit of Detection of PAHSs

The limit of detection (LOD) of HPLC system was found to range between
1.4ppb and 32.9 ppb from Naph to IP (Annexure A). The limit of detection (LOD) was
calculated as two times the standard deviation of the replicate analysis of the lowest
standard (n=5) [302]. Standard of 0.5 ppm was analysed 5 times and LOD was calculated
from it. For statistical analysis of the data set below detection limit (BDL) values were
replaced by half of LOD values. Analysis of field blank samples was performed to avoid

contamination.

3.7.3 Limit of Detection of Heavy Metals

For statistical analysis of the data set below detection limit (BDL) values were
replaced by half of LOD values (Annexure B). LOD values for heavy metals were taken
from Standard Operation Procedure, Soil and Plant Analysis Laboratory [303]. Analysis

of field blank samples was performed to avoid contamination.
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Chapter4: Results arid Discussion

4.1 Bulk Deposition of PAHs

4.1.1 Summary Statistics of Bulk Deposition PAHSs

Mean concentrations of PAHs i in bulk deposxts at samphng sites during 2011 -
2012 are shown in Table 4.1. The mean concentration of total PAHs in Guwahati was
found to vary from a minimum of 2.2 ng/ml to the maximum of 1035 ng/ml with overall
mean value of 71+140ng/ml. BaP concentrations were found to vary from BDL (below
detection limit) to 5.6 ng/ml with mean of 0.2+Ing/ml. Moreover, mean percentage
contribution of BaP to > PAHs was found to be 0 3% Individually, Naph followed by
BaA, Chry, 'Flan and Phen were found to be more abundant in‘the bulk deposition
collected at different- locations over Guwahati. Manoli et al. [78] also reported the
dominant contribution of Naph in atmospheric bulk deposition samples. They inferred
that high water solubility of Naph cduld be the reason for such high abundance. But
water solublllty may not be the only reason for the dominance of Naph in bulk samples
as despite ‘of their low water solubxhty, BaA and Chry were found to be the dominant
compounds in comparison to Flan and Phen in bulk deposition samples. Zhang et al.
[304] reported equal distribution of Naph, BaA and Chry both in gaseous and particulate
phase PAHs. Association of these corﬁﬁounds n l;oth the phases in atmosphere could

possxbly attrnbute higher concentratlon of Naph, BaA and Chry in bulk deposition.
. { A’

In the present ‘study, spatial variations were also investigated on the basis of
landuse pattem of the cnty The results mdxcate that the maximum Y PAHs concentration
was observed at mdustnal site w1th mean value of 157:1:277ng/ml followed by residential
site of 76:k101ng/m[, commercxal site of 54ﬂ:51ng/ml, forest site of 34.8+25ng/ml and
traffic site of 34.5+£29ng/ml. The pattern for BaP was in the: order of industrial site
(0.7+2ng/ml)>residential site (0.09+0.1ng/ml)>forest site (0.08+0.1ng/ml)>traffic site
(0.06+0.06ng/ml)>commercial site (0.05+0.1ng/ml). However, BaP concentration was
observed to be almost in the same range exgept at industrial site having very high

concentration level (0.7+2ng/ml).
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Table 4.1 Mean £SD (min-max) concentrations (ng/ml) of PAHs in bulk deposition

SH(n=13) S2 (n=12) S3 (n=12) S4 (n=13). = S5(n=13) Guwabhati(n=63)
54+73 32445 24124 233428 21£14 31243
Naph (BDL-254.6) (BDL-148)  (BDLI73'S)  (8DL912)" (BDL-48.7) ~ (BDL-255)
a1l 0ssl 07k . 0sEl 12 1325,
Ay (BDL-33.7) (BDL-2 ) (BDLS4)  (BDL2) _(BDL-4) (BDL-34)
4£11 132 04104 2s6" 0 1ad 18i6 "
Acen 001-414)  (0.1-86) ~ ' (0.01-1:3)  “(BDL-20.1) * (BDL-4) (BDL-41.4y
. 0.6%1 S 34410 0.1£0/1,, . 14 - 0.4+0.2 114
Flu ,(BDL-3.1) , (BDL-28.7)  (BDL-04) , (BDL-13),, (BDL-1.6), (BDL-29)
by D26k 1743 o 2 34411
, 0.02-722) ' (BDL 13 3)  (0.1-10) (BDL-14.8)  (BDL-8) (BDL 72, 2)
12 7 gsa 0.1£0.1 ° 04et’ 03x02 " oseT
Anth (BDL-6.7)°  (BDL-1\5)' * (BDL-0.3) '~ (BDL-2.3) "« (BDL-0.7)  (BDL-6.7) °
32867 o0 24%2 .0 . 2583, . 10426 -, 4, 10&4 12.8437 -
Fla (BDL-2155) (BDL-66)  (BDL6.5)  (BDL-89) . (BDL-47)  (BDL-215.5)
pyr 3+8 L 08s2 L 02604 153 14wl 14x4 o
(BDL-26.4) (BDL-4) (0. 02-1, 3) (BDL 116)  (BDL-10) (BDL 26 43)
g A0s80 1255420 ¢ 443 ‘168433 547 21449
-(BDL-251.7)  (BDL-59) (BDL-88) - (BDL#83)  (BDL-14)  (BDL-251.7)
L. 2044Y ., . 1115, . 5T - 3655 .. 4.8+4° 15337,
Chry . (BDL:146.5). (BDL-45),. . ,(03-24.1) . . (BDL-153)  (BDL-10.8) -(BDL-153.1)
BbF 0.1£0.1. 0. 15:02 . ‘0.03:&0:04 ,0-10. 1 ) (0.}&0.1“ o ‘0:(\)8%0.1 .
(BDL025)  (BDL-06)  (BDL-0.1) (BDL 0. 3) (BDL-0.3)  (BDL-0.6)
5 0.06:0.1 .. 0.1£01 0024002 .0.10.F ..., 0:03:0.03  0.06%0.I
(BDL-04)  (BDL-02) ,  (BDL-0.06) = (BDL.0.3)  (BDL-0.) . (BDL-04)
0.742 005£0.1  0.06+0.1 0.090.1 008:tOl 02¢1
' (BDL5.6)  (BDL'02)  (BDL-02) '(BDL®3)’ '(BDL-02) 'l (BBL-5.6)"
DBA; 0.44£ - ' 026502 ~ 01402 ° 0.1£011 0.12£0.04 -''02+1
(BDL-2.7) * (BDL-0.5) ' -(BDL-0.5) (BDL-0.2).1. '(BDL-0.3)°  (BDL-2.7).
0.551 .. 0101, .,01%03 01%02 , ,, 005:004° 02t -
(BDL:35)  (BDL-02)  (BDL-09) . (BDLOS)  (BDL-0.) . (BDL:3S)
1.623 ET 0.240.1 0.8+1 0.24+0.2 0742
' (BDL-83) ' (BDL-TS) | (BDLY03) *  (BDL-19)’ (BDLOS) (BDL-8.3)
1524277 54451 34.5+29 76x101 ¢ ' 34,8225 71+740
YPAHs (2-1035) (2.3-174) (2.8-85) (8.9-371) (4.2-75.5)  (2.2-1035)
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4.1.2 Temporal Variation of PAHs Concentration

s [ I Y|

The whole samplmg year was segregated mto dry and wet season based on the
number of rain days The samplmg perlod w1th more than 10 rain days was classified as
wet season, while the rest of the, year was cons1dered as dry season. Thus, the sampling '
period from March/Aprll 201 1 to September/October—ZOl] were classified as wet season.

¢ Sy ‘ ‘

Concentratxons of PAHs durmg dlfferent samphng period are e shown i in Table 4.2.

re

Mean concentratlon of ZPAHs was found to be maxxmum (594. 3i793ng/ml) durmg'
Nov/Dcc-ll whereas mmxmum (38 5:':]3ng/nnl) durmg Aug-ll Vanatlon of Y PAHs
concentratlon on the basxs of thelr molecular we:ght (HMWPAHS and LMWPAHS). ‘
during the study perlod was also exammed (Flgure 4 i.a). For both LMWPAHS and o
HMWPAHSs maximum concentratlon peak was observed during Nov/Dec 11 w1th very'
high contribution of LMWPAHs to ) PAHs. In addition to maximum ) PAHs
concentration during Nov/Dec-11 two minor concentration peaks were also detected

during the sampling period of May/June-11 and July-11.

Moreover, } PAHs concentration in bulk deposition was also found to be varied
significantly from dry season to that of wet season during the study period (Table 4.3).
During wet season, Y PAHs concentration in bulk deposition ranged between 14.1ng/ml
to 100.2ng/ml with mean value of 43.9+32 ng/ml. However, 3 PAHs concentration varied
from 25.5-316.4ng/ml with mean of 93+101ng/ml during dry season. Individually most
of the PAH was also observed with an increasing trend during dry season to that of wet

season except for BaA which is illustrated in Figure 4.1.b.

The observed pattern in PAHs concentrations could be attributed to prevailing
atmospheric conditions during different seasons. From the analysis of the behaviour of
air mass from NOAA HYSPLIT model (Figure 4.1.c (a)) and the vertical temperature
profile from data (Figure 4.1.c (b)) obtained from Wyoming university atmospheric data
repositories, it could be interpreted that prevailing atmospheric condition with low wind
activity, subsidence state and inversion condition was the possible cause for high PAHs
accumulation during the period of Nov/Dec-11. During the period of May/June-11 and
Jul-11, atmospheric dispersion was very less (Figure 4.1.c (c) and (e)) due to the
development of inversion state (Figure 4.1.c (d) and (f)) in the lower atmosphere. It could

be the possible reason for accumulation of PAHs. The perusal of number the inversion



Results and Discussion

days and mean inversion height during the entire study period, it may be noted that theré . -

was an increase in the number of inversion days during dry season in comparison to that
of the wet season (Figure 4.1.d). It is pertinent to note that there was a lowering of mean
inversion height by approx. 100-200m with the increase in the number of inversion days

during dry season that may lead to more accumulation of pollutants during the season.
e, . , ey i . ot L .

The wash out of pollutants by heavy rainfall could also be the possible cause of
lower concentration during wet season ‘of the year Moreover, the degradatron rate of
PAHs is usually faster under hrgh temperature and strong solar“radiation during the
period. Furthermore durmg wet season in Ind-.a wind from sea also drlute Tocal pollutants
in air [305]. Srrnrlar temporal trend for bulk deposrtron PAHs have also been reported by

other researchers €. g Smith and Hamson [306] Olllvon et al [] 18], Manoh et al [78]

i 1y



Table 4.2 Mean and range of PAHs (ng/ml) during different sampling period in Guwahati

Naph Acy Acen Flu Phen Anth Flan Pyr BaA Chry
Feb-11 42.6+59 1.6x1 13.8+26 9.9+18 15.1x21 2243 34.8+30 6.5+6 4.8+6 1.620.02
BDL-84.6 0.4-3.3 0.1-52.5 0.2-36.4  12-16.0 0.03-6.4 . 1.2-62.4 1.3-13.6 BDL-9.1 BDL-1.6:
Feb/March-11 419+18 0.4+0.1 1.6+1 0.1x0.1 05i04 i 0.2:0.2 5.543 - O.Zi(‘).l‘ 0.8+0.00 24£24
12.9-59.8 BDL-0.5 BDL-2.5 0.1-03 ‘ 0.1-1.1 v BDL-0:35 BDL-9.0 BDL-0.3 BDL-0.8 1.9-64 °
March/April-11  21.6%23 0.5+0 4 0.5+0.4 0.1£0.1 0.8+1 0.4+1 8.4+4 0.1£0.1 4.545 26.4+26
0.4-59.2 BDL-1.2 0.2-1.2 BDL-0.2 04-15 " BDL-0.7 BDL-11.5 0.02-0.1 BDL-10.6 126-73.3
April/May-11 47.8433 0.120.1 0.7+l 0.140.1 - 3.645 . 0.4£1 A 7.8+0.00 1.2x1 23.7i_42-' 14£23.5
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Table 4.3 Mean and range of PAHs (ng/ml) in bulk deposition during dry and wet

season

Wet Season Dry Season

Mean Range Mean Range
Naph 7.6+21 11.2-28.6 37.9+24 12.4-78
Acy 0.4x1 0.1-1.3 2+3 0.2-7.7
Acen 0.3+0.2 0.1-0.4 3.2+4 0.3-10.9
Flu 0.2:0.4 0.1-1 173 0.1-7.8
Phen 1.1£1 0.6-2.2 6.1+7 0.3-18.4
Flan 3.9+5 0.3-14.4 14.4+24 0.5-63.3
Anth 0.2+0.1 0.1-0.4 0.7+1 0.1-2.2
Pyr 0.2+0.3 0.1-0.7. 2.3%3 0.04-8.8
BaA 34.2455 1.3-132.7 14.5+25 0.4-71.1
Chry 14.4+17 0.7-39.5 14+17 1.2-51.3
BbF 0.1£0.04 0.02-0.1 0.1+0.1 0.04-0.2
BkF 0.02+0.02 0.002-0.04 0.1£0.1 0.01-0.2
BgP 0.1£0.1 0.002-0.1 0.2+0.3 0.02-0.9
BaP 0.1+£0.04 0.004-0.1 0.3£0.5 0.02-1.2
DBA 0.2+0.2 0.005-0.5 0.3+0.2 0.1-0.6
IP 0.6+0.3 0.1-1.1 0.6+1 0.02-2.6
>PAHs 43.9432 14.1-100.2 93+101 25.5-316.4
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Results and Discussion
4.1.3 PAHs Profiles

4.1.3.1 Spatial Variation

In the present study, PAHs in bulk deposition was arranged on the basis of number
of rings. It was detected that 2 and 4-ring PAHs were the most dominant compounds
observed at all the sites (Figure 4.2a). Percentage contribution of 2-ring PAHs was
maximum at site S3 (institutional/traffic site), while 4-ring PAHs was found to be dominant
at the site S4 (residential site) (Table 4.4). Three-ring PAHs was observed with maximum
percentage contribution at site S2 (Commercial site). On the other hand, occurrence of all
2- to 6-ring PAH compounds were detected only at site S1 (industrial site). Among the
HMWPAHSs 5-ring PAHs (BbF, BkF, BaP, DBA) were observed only at site S1 and S2.
However, 6-ring PAHs (BgP and IP) were found at site S3 and S4 in addition to S1.

Dominance of the PAHs profile by LMWPAHSs could be attributed to their higher
level of solubility. The ‘multi-hop’ nature of LMWPAHs made them more susceptible to
long range transport and continuous cycle of deposition and re-evaporation [97]. Lower
representation of 5 and 6-ring PAHs might be due to their low solubility in wet fraction of
deposits. The low molecular weight PAHs found to have significant acute toxicity [96],

which is a major concern.

4.1.3.2 Seasonal Variation

Seasonal trend of the representation was also observed in bulk deposition; 4-ring
PAHs were mostly abundant in samples of wet season (Figure 4.2.b). During dry season 3-
ring PAHs were found to be dominant than that of wet season. However, contribution of 2-

ring PAHs was almost similar during both the sampling period.

Table 4.4 Site-wise variation in the percentage composition of three-, four-, five- and

six-ring PAHs at five sampling sites in bulk deposition samples

2-ring 3-ring 4-ring 5-ring 6-ting
Si 33 12 54 1 1
S2 44 13 42 1 0
S3 64 9 26 0 1
sS4 28 7 64 0 1
S5 51 12 36 0 0
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Figure 4.2.b: Percentage composition of three-, four-, five- and six-ring PAHs in
Guwahati (mean of the five sites) during dry and wet season in bulk deposition

samples
4.1.4 Toxicity

4.1.4.1 Spatial Variation

Percentage distribution on the basis of USEPA recommended 7 carcinogenic PAHs
(CPAHSs) including BaA, BaP, BbF, BkF, Chry, DBA and IP and non carcinogenic PAHs
are shown in Figure 4.3. The maximum fraction of CPAHs was observed at ST with 38%.
In general in Guwahati (mean of S1-S5), CPAHs contribution in bulk deposition was found
to be 31%. Among the carcinogenic lot the representation of BaA and Chry were found to

be maximum in all sites.
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Figure 4.3: Abundance of carcinogenic PAHs (CPAHS) to non carcinogenic PAHs in
bulk deposition.

Toxic equivalency factors (TEFs) were employed to estimate carcinogenic potential
of individual PAH relative to BaP and to quantify BaP-equivalent concentrations (BaPeq)
as per Tsai et al. [307]:

Total BaPeq = Y-, Ci X TEFi —-eql

Where C; is the individual PAH concentration and TEF; is the respective toxic
equivalency factor.

Total BaPq concentration of 16PAHs in bulk deposition samples ranged between
BDL and 36.5ng BaPq /ml with mean value was found to be maximum at S1 of 4.6+10ng
BaPq /ml (Table 4.5a). The mean concentration was observed to be minimum at site SS. If

we compare the industrial (S1) and forest (S5) site, the mean Y PAHs value was ~4 times

14



Results and Discussion

higher at S1 than-S5-but BaPq concentration was ~11.5 times higher in S1 than.§5. This is

a major concern for the industrial locality with high carcinogenic risk.

Table 4.5.a BaPeq concentrations (ng/ml) of total PAHs at sampling sites (S1-S5)

»

St s2 a3 84 ss
Feb-11 0.32 0.56 0.03 0.75
Feb/March-11 0.16 0.37 0.26 0.07 0.18
Marct/April-11 0.16 0.69 0.50 0.55 0.11
April/May-11 0.84 618 0.40 065 0.79
May/Jun-11 13.89 0.06 0.55 135 0.17
Juni-11 3.12 0.06 0.41 0.08 0.03
Jul-11 2.24 0.63 0.37 2.23 0.03
Aug-11 0.29 0.14 0.19 0.02
Sept/Oct-11 0.06 0.02 0.06 0.03 0.09
' Oct/Nov-11 0.14 0.50 0.05 0.02 0.93
Nov/Dec-11 36.46 261 0.26 953 0.36
Dec-11/Jan-12 1.34 2.05 0.90 1.01 ‘168
Jan/Feb- 12 1.02 321 113 061 0.02
Mean 4,610 1.442 042403 1343 0.40£1
Range (0.06-36.5) 0.02-62)  (BDL-L1)  (0.02:95)  (0.02-1.7)

*for S locations (S1 — S5)

4.1.4.2 Seasonal Toxicity

’ According to Pankow et al. [308], gas/parti¢le partitioning of PAHs which is mostly

controlied by meteorological parameters has major influence on human health because the

risk of 'inhaling carcinogenic PAHs depends in which state they enter through our

respiratory system. Particulate PAHs deposits in the lungs exert their carcinogenicity over

longer period of time. To explore meteorological influence on carcinogenic risk seasonal

variation of toxicity was also computed in bulk deposition.

Seasonal mean' of (otal Ban concéntration in bulk deposition samples ranged

between 1.0+1ng Ban/m'lxduri‘ng wet season to’2.3i4ng BaPq/ml duriné dry season (Table
4.5b). Amon“g the individual PAH, BaA‘and BaP contribute maximum to total PAHs BaPq

! . . M |‘4h i . ' L . .. 1 H
concentration. Thus, it may be infered that people were more prone to carcinogenic risk

during dry season.
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Table 4.5.b Seasonal mean toxicity of PAHs in terms of BaPeq concentration (ng/mf)

in Guwahati

Dry Season Wet Season
Naph 0.04+0.02 0.02+0.01
Acy 0.002:+0.003 0.0004+0.001
Acen 0.003+0.004  0.0003+0.0001
Flu 0.002+0.003  0.0002+0.0004
Phen 0.006+0.01 0.001+0.001 |
Anth 0.14+0.2 0.0420.1
Flan 0.001+£0.001  0.0002+0.0001
Pyr 0.002+0.003  0.0002+0.0002
BaA 1.543 1.0+0.7
Chry 0.1440.2 0.14+0.2
BbF 0.01+0.01 0.01+0.004
BkF 0.01+0.01 0.002+0.002
BaP 0.24+0.3 0.05+0.05
DBA 0.24+0.4 0.05+0.04
BgP 0.002+0.002  0.002+0.002
P 0.06+0.1 0.05+0 04
YPAHs  2.3%4 1.0£1.0

4.1.5 Influence of meteorology on PAHs - -

Table 4.6 illustrates significant correlation of PAHs with various meteorological
parameters. It was observed that Naph and Phen showed significant negative correlation
with mean temperature, while BbF and DBA displayed significant negative correlation with
mean humidity. Naph, Acy, Phen and Y} PAHNs exhibited good negative correlation with
mean wind speed, while Acy, Acen, BaA, BaP and YPAHs showed significant negative
correlation with wind direction. Thus LMWPAHs showing negative cqrrelation with mean

temperature while HMWPAHSs with relative humidity.

Individual PAH compounds behave differentially under different meteorological
and climatic conditions depending upon their molecular Yveight and structure. It has been
reportf,:d that temperature have §igniﬁcant impact on the dispersion of certain category of
PAH compounds having low molecular weight [398], According to S;ronguilo et al. [309]
LMWPAHs with higher vapour pressure and higher level of _so\ubilit'y of LMWPAHSs
become more susceptible to volatilization at room tem;)era;ture (20°C). Yamasaki et al.

[310] and Pankow et al. [308] have also reported that meteorological parameters,
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especially, temperature and relative humidity play a significant role in dissipation of PAHs.
Pankow et al. [308] also observed that gas/particle partitioning process is negatively
dependent on relative humidity over the range of 40% < RH < 95%, for some PAHs and

groups of PAHs in case of urban particulate matter.

Significant negative relationship of PAHs with wind speed was an indicator of high
dispersion of atmospheric PAHs with increasing wind speed. The negative correlation of
PAHs with wind direction was an evidence of PAHs deposition mainly through northerly or
north-easterly wind, especially during dry season of the year. As the wind direction was
shifting towards southerly or south-westerly which was mainly prevalent during wet season
of the sampling year, deposition of PAHs was found to be decreased. This phenomenon is

also illustrated through the Figure 4.4.

Table 4.6 Correlations of PAHs with various meteorological parameters

Mean T Mean RH  Mean WS Mean_WD

Naph 0.71%% 033 -0.71%* -0.31
Acy -0.45 021 -0.68** -61*
Acen -0.37 -0.31 -0.49 -56*
Flu -0.27 0.19 -0.48 -0.43
Phen -.60* 0.09 -0.55* -0.42
Anth -0.34 -0.13 -0.28 -0.36
Flan -0.29 0.03 0.31 037
Pyr -0.43 0.09 -0.44 -0.41
BaA -0.25 0.05 -0.55 -.65*
Chry -0.06 -0.11 -0.32 -0.42
BbF -0.04 -0.54* -0.11 0.22
BKF -0.25 -0.53 -0.29 -0.39
BaP -0.33 -0.12 -0.55 AL
DBA -0.13 -.60* -0.1 -0.35
BgP -0.28 -0.18 -0.27 -0.3
P -0.07 0.13 03 -0.41
SPAHs  -0.47 0.07 -0.57* -0.53*

**Correlation is significant at 0.01 level (2-tailed)
*Correlation is significant at 0.05 level (2-tailed)

(T=Temperature, RH=Relative Humidity, WS=Wind Speed, WD=Wind Direction)
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Figure 4.4: Wind pattern during sampling period.

Based on these observations, relationship of PAHs with temperature and relative
humidity was tried to establish in this study. Relationship of logarithmic }PAHs,
YLMWPAHs and YHMWPAHs with temperature [maximum temperature (T™"), mean
temperature (T™*") and diurnal temperature range (DTR)] and relative humidity [maximum
relative humidity (RH™), mean relative humidity (RH™") and diurnal relative humidity
range (DHR)] is plotted which is shown in Figure 4.4.a, 4.4.b and 4.4.c respectively.
Y'PAHs and Y LMWPAHs showed significant negative relationship with T™ (r’=0.32 and
*=0.36 respectively) and T™™" (r"=0.4 and r’=0.4 respectively). However, positive
relationship was observed for DTR with r* value of 0.36 and 0.24 for YPAHs and
YLMWPAHs respectively. Positive relationship was revealed for both YPAHs and
YLMWPAHSs with DHR having r* value of 0.3 and 0.32 respectively. However, in case of
HMWPAHS no such relationship has been observed with T™, T™*" RH™ and RH™".
However, HMWPAHs was found to exhibit positive relationship DTR and DHR with r*
value of 0.22 and 0.20 respectively.

From the above relationship it is established that LMWPAHs were mostly
influenced by temperature, which is not the case for HMWPAHs. At ambient air
temperature, LMWPAHs (2- to 4-ring PAHs) mostly occurred in vapour phase while
HMWPAHs (5 or more rings) are associated with particulate phase [311] as we have

already mentioned that LMWPAHs with high vapour pressure are more prone to
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volatilization than HMWPAHSs [309, 312-313]. Vapour pressure controlling volatilization
has been found to be regulated by temperature, humidity and wind speed. PAHs
volatilization increases from soil, atmospheric particles, water and vegetation with rise of
temperature {81, 101]. Thus, LMWPAHSs volatilization is more dependent upon air
temperature than HMWPAHSs. According to Sofuoglu et al. [81] temperature deviation
accounted for gas phase variability of 23-49% in case of Acen and Chry, while only 1-6%
for HMWPAHS. Thus, the relationship of LMWPAHSs with temperature in the present study
could be attributed to temperature dependent scavenging process for the LMWPAHs as
documented by Ollivon et al. [118]. Moreover, in the present study, maximum temperature
values were found to have more influence on LMWPAHs. Hassan and Khoder [314] in
their study, also, reported similar trend of decrease in total PAHs concentration in
particulate and gaseous phase with increasing temperature. Tsapakis and Stephanow, [315],

Cincinelli et al. [316] also showed similar studies.

| Present study also revealed an mcrease of PAHs concentration with_increase of
dlumal varlatlon of temperature. The LMWPAHs are often found to be mﬂuenced by
seasonal and diurnal changes with long range transport and deposition on a surface through
continuous air-surface exchange by means of S\;cceeded cycles of deposition and re-
evaporation as reported by Yamasaki et al. [310], Hoff and Chan [317], Keller and
Bidleman [318]. Higher gas phase percentages were also reported due to increase in
temperature in summer than that in winter which increases vapour pressure of LMWPAHSs
[127, 319]. This could be applicable in case of high diurnal temperature deviations also.
Murray et al. [320] showed that for a temperature change of 20 °C there is approximately

an order of magnitude change in the vapour pressure of PAHs.

Positive effect of diurnal variation of relative humidity was also found on PAHs
concentrations. Relatjve humidity in the study area was found to rise upto 100%.
Thibodeaux et al. [102] reported an increase in absorption of semivolatile organic
compounds as relative humidity approaches 100%. Such increase at very high relative
humidity is due to partitioning into the liquid or nearly-liquid phase when the gas phase is

nearly saturated with water.
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Figure 4.4.b: Regression analysis of HMWPAHSs concentrations in bulk depositiou with

maximum temperature (T™), mean temperature (T™"), diurnal temperature range

(DTR), maximum relative humidity (RH™"), mean relative humidity (RH™*") and
diurnal relative humidity range (DHR).
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4.1.6 Bulk Deposition Mass Flux

Site-wise vanatlons of PAHs flux are shown in Table’ 4 7. Monthly vanatlon of
mass flux of Y PAHs in Guwahati city has been lllustrated in Flgure 4.5. Varlatlons of
16PAHSs flux are also shown in Table 4.8. The flux of YPAHs ranged between 63.5pg/m*
and 10517ug/m? (Table 4.8). The me%m\ZP.AHs flux was found to be ma;)‘(imumi at Sl
(1802+2685ug/m?) and minimum at site 3 (880:!:813 pg/m?). The deposition rate of BaP
ranged from BDL to i] 4ug/m?® and mean concentration was observed to be maximum at
site S3 (traffic sn[e) -Moreover, Mean ZPAHS flux was._ _found to be maximum
(4130:!:3985ug/m ) during the month of May/Jun 11 and minimum (223142 pg/m?) during
Jan/Feb-12 (Table 4.8). Site-wise varlatlon of daily PAHs flux is shown in Table 4.9;.the
value of which was also maxxmum “at, Sl Daily flux of 16PAHS is also shown in Table
4.10. Daily YPAHSs ﬂux varied from 2.1-401 “4pg/m*/day and the same for BaP was BDL-
0.24pg/m*/day (Table 4.10).

The industrial sxte (Sl) witnessed maxnmum PAHs’ ﬂux among all the sites. For BaP
maximum flux was observed at the traffic site (S3). Furthermore, wet season experienced

high mass flux, while minimum was during dry season of the sampling year.
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Table 4.7 Mean and range of PAﬁs flux (ug/mz) at different sampling sites (S1-S5) 6f Guwahati city

s1 s2 s3 54, s

Mean Range Mean Range Mean Range Mean Range Mean Range
Naph 603503 TBDEI7T71 703635 BDLIT236 6712715 BDL2407.7 51684640 BDL21965  876+989 BDL-2411.2
Acy 23447 :‘BDL-154.6A 6+5 _"BDL-14 - - 10£11 BDL-37.7 10£14 BDL-49.3 432483 BDL-244.9
Acen 37487 +.02-323.9 15817 [ 1a%0 . . 10417 BDL61.8 10715 BDL-51.2 26,6438 BDL-124.8
Flu 13,5435 ~BDL 124 - 43109 BDL-3305 . 34%2 BDL-6.3 2,943 BDL-8.0 79213 BDL-39.4
Phen © 46174 052837 © ' 30:28 BDL-883 . 39442 BDL-149.9 24420 BDL-56.7 84.8+148 BDL-465.4
Anth 6711 BDL39S~, T 95419 " BDLSIS 4425 BDL-135 d9:42 BDL-192 8 6£12 BDL-34.9
Flan 270£541 CBDLATIE 5 383 BDL-I4L1 - 708480 BDL-180 414243 BDL-1320 12684142 BDL37438
Pyr 12417 BDLS2 T 95k10 BDL293. 4483 BDL-10.2 9:149 BDL-30.1 327461 BDL-201.1
BaA 670541623 _BDL-S4848  _ 5441005 BDL23M64 456433 BDL-100.2 65,8491 BDL-2448 95 9103 BDL-287.2
Chry 3484456 “BDL-1371 .. . 2914493 .BDL-I6144 . 109491 BDI-285.7 110242048 BDL-52438 1774199 BDL-552.9
BbF | 243 “BDLBS - G- 43in . BDL:326. 1. BDL-3.I 3256 BDL-16 3246 BDL-18.8
BKF 1242 “BDL-6.4 142 UBDL70. i: 06kl BDL-2.4 1242 BDL-5 0 1242 BDL48
BaP 2341 " BDL4 12, BDL-48 - . 2583 BDLGS . 2484 .. BDL-10.9 2445 BDL-11.4
DBA 5472 “:BDL-226. 56 | BDLABS: ' 4437 BDL-20.8 1643 BDL-7.3 4346 BDL-12.6
BgP 243 UBDU93 . 3 _ BDL74 - 6215 BDL-41.9 4348 BDL-22 1.942 BDL4.5
P 164430 -BDL812 LS . BDL621- 615 BDL-14.2 23.3436 BDL97.5 8247 BDL-20.8
TPAHs 180202685 1244-10517 LSIel04 - 63532706 . 88045813 116428258 ~ 1556x18564  1853-5433.3  1173.941357  1144-4431.1

=
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Figure 4.5: Mass flux (mg/m*/day) of YPAHs in Guwahati during sampling periods
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Table 4.8 Mean of PAHs flux (ug/m?) during different sampling periods in Guwahati

Naph Acy Acen Flu ° Phen Anth Flan Pyr BaA Chry
Feb-11 263.3£366 11247 86+159 87.3£162 99.4+126 14.8+17 219.2+178 41,7£32 29436 11.9+3
BDL-522.1 2.8-199 0.9-323.9 1.3-330.5 9.3-283.7 0.2-39.5 10.6-374.8 11,7-818 BDL-54.7 BDL-14.3
Feb/March-11 1044.8+457 10.4:2 38.5+24 3.582 13.6+10 4.5+4 137.1£77 4743 600.8+600
319.5-1487 BDL-14 BDL-61.8 1.7-6.3-* 2.1-26.8 BDL-8.7 BDL-221.9 1.1-8.7 BDL-19.2 48-1614.4
March/April-11  291.2+299 7116 7.6+8 1.3+1 ) 10.3+7 5.1:6 108.3+34 0.9£1 55.2+59 391.2+469
4.7-762.8 BDL-14 BDL-2.0 0.6-2.4 4.5-19 0.7-9.6 77.3-141.1 0.3-2.3 5.6-130.7 154.4-1230
April/May-11 1151.4£795 3.2+43 15.9+12 2+1 87.3+128 10+14 28.4+31 566.9£998 342.8+578
393-2196.5 BDL-5.4 4.5-35.5 0.04-3.56 23.4-317 BDL-26.5 BDL-192.3 0.8-78.2 37-2346.4 15-1371
May/Jun-11 119434714 54.1487 11.7£11 42,4271 59.2+£79 16.8+24 596.1+1022 3.0¢1 1340.1£2155
297.4-2030 0.8-154.6 1-23.5 0.1-124 7.1-149.9 0.9-51.8 0.6-1776.2 BDL-4.4 BDL-5485 19.7-5119.5
Juni-11 601.3£1019 10.1+6 13.7£20 2.0+l 28.3%27 1.62 70.9462 10,7417 538.3+620 120.8486
15-2407.8 2.6-183 1.7-49.3 0.8-2.8 5.7-69.4 0.7+4 42-171.6 0.6-40.7 BDL-976.4 BDL-242.7
Jul-11 2.542 3.113 2.7+l 27.9+£22 5.743 15.8+15 7.5%5 236.8+321 1350.3+£2193
BDL 0.5-4.5 0.2-6.8 BDL-4.2 3.5-46.4 1.7-8.6 0.6-32.2 0.7-12.7 10.1-463.5 52.3-5243.8
Aug-11 753.3+288 11.7+9 6.9+8 5.843 . 37 329 6.8+5 3.7¢4 65.7+27
449-1105.5 3.8-22 0.9-16.2 2.6-80 10.1-70.1 2.1-11.1 BDL-17.1 0.1-8.7 BDL-87.4 49.7-106.3
Sept/Oct-11 977.4£893 25.8422 23.1£27 6.1£5 35.6+21 6.5+8 5.7%7 37.2+27
BDL-2140 7.5-49.4 2.6-54 1.0-9.5 1.1-56.4 0.1-19.2 BDL-91.1 0.1-16.6 BDL 4.9-62.4
Oct/Nov-11 849.5+928 55.6x106 39.3454 28.8+24 1214195 11.4+16 29.2+15 47.6+86 169.9£166 206.6+239
88.8-2411.2 1.5-2449 1.4-124.8 1.5-45.6 4.1-465.4 0.3-34.9 18.7-39.7 2.4-201.1 52.6-287.2 12-552.9
Nov/Dec-11 94.3+67 8.3x10 12.245 3.743 22.6x19 2.3%2 60 8+57 8.7x7 57.2+70 63.5+33
27.6-180.6 1.2-23.9 29-16.3 0.9-7.9 1.4-51.2 0.7-5.1 3.9-152.8 0.7-18.7 4.7-178.5 27.5-103.9
Dec-11/]Jan-12 465.9£711 18.9£27 9.3+10 2.3+l 36.2+25 1+1 17.3£15 7.843 89.2+76 78.4+81
63.7-1723.6 BDL-38 0.1-19.9 0.7-4 6.5-66.6 0.2-2 BDL-31.1 3.7-10.3 28.8-218.4 4.5-167.6
Jan/Feb-12 174.4+133 1.6+l 3.844 0.240.2 15 9+27 0.2£0.1 2.7£2 1.9+3 222410 10.2+9
14.4-374.2 0.1-3.5 0.9-9.6 0.1-0.5 0.5-56.7 0.1-0.3 1.1-5.2 0.2-6.5 11.8-36.9 1.9-23.1
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BbF BKF BaP DBA BgP P T16PAHs
Feb-11 ' 0.70.4 713.94620
BDL-1.4.--  BDL-0.1 BDL-0.3 BDL-5.5 BDL-1.2 BDL 185.3-1609
Feb/March-11 4.948 4.444 23,1218 13.443 137241118
BDL-16 BDL-7.0 BDL-1 BDL-5.3 BDL-41.9 BDL-15. 266-3008
March/April-11 10.7+21 84762587
- BDL-0.9 BDL-04  BDL .  BDL BDL-1.2 BDL-21 2836-1759
* ApritMay-11 1.441 171 3382 6.9+4 . 354 16,749 2264.4907
BDL-2.7 BDL-2.6 BDL-4.8 BDI-12.6 BDL-7.4 BDL-23 820-3271
. May/Jun-11 1.943 L1sl 1.8+1 L2l 28.4+46 413033985
0.2-6.1 0.1:2.7 0.6-3 BDL-21 0.8-1.7 04-81.2 991.6-10517
Junl-11 0.841 0.541 445 B ©1050.5+1084
BDL-LS BDL-1.0 BDL-0.1 0.3-7.7 BDL-0.1 BDL 241.3-2825.8
Jul-11 3.424 1442 4.145 9.949 4.545 36.1229 1547.1£2189
0.9-8.6 0.1-5 0.4-10.9 25226 0.2-93 BDL-62 149.3-5403.3
Aug-11 L1£l 0.2+0.02 3.642 1.942 36.7453 944.8+304
0.7-19 0.1-02 1.6-6.3 BDL-5.4 0.9-3 14-97.5 684-1338.3
Sept/Oct-11 6.249 0.40.1 0.941 0.30.1 0.240.2 8.246 94114948
‘ 0.4-18.8 0.3-04 0.1-25 0.1-0.4 BDL-0.4 1.7-14.2 124.4-2333.3
~ Oct/Nov-11 9.6+15 2.843 3.345 4.648 2142 111 1444.6£1756.2
‘ BDL-33 0.01-6.4 0.05-11 0.1-18.5 BDL-4.5 BDL-2 116.4-4431.1
Nov/Dec-11 0.120.1 0.240.1 1142 0.741 0.9+1 2543 3394240
00102 0103 0.1-4 0.04-1.9 0.03-2.5 0359 114.4-734
Dec-11/Jan-12 - 04503 0.4l 2w 0.621 02402 1241 69474761 " -
0:10.7 - 0.1-i6  ~~— 135 0.3-1 0.03-0.3 0.6-2.2 204.1-2024.4
‘Jan/Feb-12 0.1£0.1 * 0.2+0.3 ¢ 0.2£0.1 0403 "« .0.240.2 - 0.60.1 223.2+142
0.020.2 0.02-0.7 0.1-0.3 0.1-0.8 0.02-0.4 0.640.7 63.5-412.7
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Table 4.9 Mean of daily PAHs flux (pg/mz/day) in sampling sites (S1-S5) of Guwahati city

St S2 S3 S4 S5

Naph 21.6x18 . \B'DL-67.6 244421 BDL-52.4 25.4433 BDL-115 17.5+£24 BDL-84 28.9+33 BDL-77.3
Acy 0.9£2 BDL-6.0 0.2+0.2 BDL-0.7 0.4+0.4 BDL-1.15 0.3+04 BDL-1.4 1.322 BDL-7.0
Acen 1.845 0.01-17.3 0.5x1 0.05-1.8 0.4x1 0.02-2.1 0.4+0.4 BDL-14 0.9+1 BDL-3.6
Flu 0.5x1 BDL-4.7 2.2:!:6 BDL-17.5 0.1£0.1 BDL-0.2 0.1£0.1 BDL-0.3 0.3+0.4 BDL-1.1
Phen 2+4 0.02-15.2 1.1£1 BDL-4.0 1.3+£2 0.1-5.4 0.8+1 BDL-2 3.0+5 BDL-13.4
Anth 0.3+1 BDL-2.1 0.4x1 BDL-2.0 02+02 BDL-0.5 0.2+0.2 BDL-0.6 0.3+0.4 BDL-1.1
Flan 10.8+21 BDL-67.8 1.5+2 BDL-5.5 2.843 BDL-8.2 2+2 BDL-6.6 5.5+7 BDL-18.7
Pyr 0.5«1 BDL-2.8 0.4x0.4 BDL-1.2 0.2+0.1 0.02-0.5 0.4+0.4 BDL-1.2 1.2+£2 BDL-5.8
BaA 26.7+62 BDL-209.4 21.5+40 BDL-93.6 282 BDL-4.8 2444 BDL-9.4 3.243 BDL-8.3
Chry 13.4+18 BDL-54.8 11+18 BDL-55.7 414 0.25-11 47.5:tl91 BDL-250.5 6.2+7 BDL-17.1
BbF 0.110.1 BDL-0 4 0.1x0.3 BDL-1.0 0.04:!;0.04 BDL-0.15 0.120.2 BDL-0.6 0.1+0.2 BDL-0.54
BkF 0.040.1 BDL-0.2 0.1£0.1 BDL-0.2 0.02+0.03 BDL-0.1 0.1x0.1 BDL-0.24 0.0410.1 BDL-0 14
BaP 0.120.1 BDL-0 14 . 0.040.1 BDL-0.2 0.090.1 BDL-0.3 0.1402 BDL-0.5 “ ~' 0.1£0.1 BDL-0.3
DBA 0.2+04 . BDL-1.1 0.2+£0.2 BDL-0.6 0.2+0.3 BDL-0.75 0.1£0.2 BDL-0.35 0.2+0.2 BDL-0.5
BgP 0.10.1 BDL-0.44 0.1x0.1 BDL-0.3 0.2+1 BDL-1.5 02403 BDL-0.8 0.120.1 BDL-0.1
r 0.6+1.1 BDL-3.1 1.5+2 BDL-3.0 02402 BDL-0.4 0.8+1 BDL-2.4 0.3+0.3 BDL-0.8
2 PAHs 69.6+103 3.6-401.4 42.6x40 2.1-1304 33.2+37 3.5-134.9 62483 6-258 39943 4-127.4
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-Table 4.10 Mean of daily PAHs flux (ug/rlnz_/day)lduring different sampling perigds in Guwahati -

t

" Naph' ' Acy Acen Flu Phen ' Anth Flan Pyr BaA Chry
Feb-11 14,1220 06504 ° 4689 4619 ' 53x7 0.8£1 11.349 2.1£2 1.52 0.6£0.2
“ 'BDL-27.9  0d-1' ©  0.04-173 0.1-17.5 0.5-15.2 0.01-2.1 0.6-19.8 '° 0.6-4.1 BDL-2.7 BDL-0.8
Feb/March-11 361516 0.420.1 1.3%1 0.120.1 05403 02402 4723 0.240.1 207421
111513 BDL-0.5 BDL-2.1 0.01-0.2 0.1-0.9 BDL-03"" BDL-7.7 ' BDL-0.3 BDL-0.7 1.7-55.7
March/April-11 11.2%12 0302 0.340.3 0.12003° 04203 02402 "4 241 1 0.04+0.03  2.1£2 15.1£18
’ 0.2-29.3 BDL-0'6 0.1-0.8 BDL-0.1 0.2-0.7 BDL-0.4°' BDL-5.5 ° 0.01-0.1 BDL-5.1 6.0-47.4
Apri/May-11 - 45,4430 0.120.1  0.6% 0.1£0.1 3.545 0.4£1 ¥ L1l 22.6+40 13.7£23
o 15.7-839  BDL-0.2 0.2-1.4 0.001-0.1 09-127° ' BDL-1.1 ' BDL-7.7 BDL-3.2 1.5-93.6 0.6-54.8
May/Jun-11 45.3327 2143’ 0.540.4" 1.643 2243 7 0.6#1 22839 ' 0.120.04 53486
' 119773  BDL-59 "  BDL-0.9 BDL-4.7 BDL-5.4'  BDL-2 '  BDL-678  BDL-0.2 BDL-209.4  0.8-204.7
Junl-11 28,7449 0:5%0.3 0.7£1 0.120.04 13213 01201 3.443 0.5+1 25.7430 5.8+4
0.7-115 BDL-0.9 0.1-2.3 0.04-0.13  03-33 BDL-0.2 0.2-8.2 0.03-1.9 BDL-46.5  BDL-11.5
Jul-11 0.1x0.1 0.240.1 0.10.1 1.4+1 ' 031001 0.8+ 0.40.2 11.3£15 64.5:105
BDL BDL-0.2 0.01-0.3 BDL-0.2 0.2-2.3 0.1-0.4 BDL-1.6 0.04-0.6 BDL-22.1  2.6-250.5
Aug-11 18.47 0.340.2 0.240.2 0.1£0.1 0941 0.2¢0.1 "' 0.1£0.1 1.6£1
) 10.9-27 BDL-0.5 BDL-04 = BDL-0.2 03-1.7 0.1-0.3 BDL-0.4 0.003-02  BDL-2.1 1.2-2.6
Sept/Oct-11 2774254 0.741 0751 ' 0.240.1 11 02402 " 0.240.2 111
) ' "BDL-61.2  0.2-14 0.1-1.6 BDL-0:3 0.03-1.6° 000105  BDL-2.5 0.003-0.5  BDL BDL-1.8
Oct/Nov-11 347427 1.643 1242 0.91' 3546 0.3+1 08404 -~ 143 4.9+5 627
S 2.7-69.3 0.04-7 0.04-4.0 BDL-1.4 0.1-13.4 BDL-1 BDL-1.1 0.1-5.8 BDL-8.3 0.4-16
Nov/Dec-11 3282 0.3£0.3 0.420.2 0.120.1 0.841 “0.120.1 2.1£2 0.320.2 243 2,241
' 1.0-6.5 0.04-0.9 0.1-0.6 0.03-0.3 0.1-1.8 0.02-0.2 0.1-5.5 0.02:0.7 0.2-6.4 1-3.7
Dec-11/Jan-12 142422 0.6x1 0.320.3 0.07£0.04 1.1 0.03+0.03 ' 0.5l 0.240.1 2.742 2443
' 1.9-52.3 BDL-1.1 0.003-0.6  BDL-0.1 022 BDL-0.06  BDL-0.9 0.1-0.3 0.9-6.6 BDL-5.1
Jan/Feb-12 5.6+4.3 0.05£0.1 0.120.1 0.0120.01 0.5zl 0.005£0.004  0.09:0.1 0.060.1 0.740.4 0.3£0.3
L 0.5-12.1 BDL-0.1 0.03-0.3 BDL-0.02  BDL-1.8 BDL-0.0!  BDL-D.2 BDL-0.2 BDL-12 BDL-0.7
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Contd.....

BbF BkF BaP DBA BgP P T16PAHs
Feb-11 0.04+0.02 37.433
BDL-0.1 BDL BDL-0.01 BDL-0.3 BDL-0.06 BDL 9.3-85.9
Feb/March-11 0.240.3 0.240.1 ' 0.8+l 7 0.540.1 63.8228
' BDL-0.6 BDL-0.2 BDL-0.03 BDL-0.2 BDL-1.§ BDL-0.5' 36.8-103.7
March/April-11 ‘ o 0.4£0.4 32.7£23
' BDL-0.03 BDL-0.01 ' BDL BDL BDL-0.1 0.2-0.8 10.9-67.8
April/May-11 0.120.04 0.10.04 0.1£0.1 0.30.2 0.1x0.1 07404 9035
BDL-0.1 BDL-0.1 BDL-0.2 BDL-0.5 BDL-03 ' BDL-09 34.2-130.4"
May/Jun-11 0.120.1 0.04:0,1 0.1+0.04 0.04+0.02 1.1x2 159.1£153
s BDL-0.2 BDL-0.1 BDL-0.1 BDL-0.8 BDL-0.I ~  BDL-3.1 35.7-401.4
Junl-11 0.040.1 0032003 0.240.2 ' 50,152
BDL-0.1 BDL-0.05 BDL-0.01 BDL-0.4 BDL-0.003 BDL 11.5-138.9
Jul-11 0.240.2 0.120.1 0.2+0.2 0.5:0 4 02402 174l 74£105
o BDL-0.4 BDL-02 " 0.02-0.5 " BDL-L.1 ' BDL-0.4 BDL-3' ° 7.4-258.1
Aug-11 0.030.01 0.004£0.001 " 0.1£0.1 ©0.120.04 0941 "7+ 23148
‘ 0.02-0.1 BDL-0.004 BDL-0.2 BDL-0.1 BDL-0.1 BDL-24 7" 167327
Sept/Oct-11 0.2+0.2 0 010.001 0.03+0.04 0.010.004 ' 0012001 '~ 02202 * 26727
BDL-0.5 BDL-0.01 BDL-0.1 BDL-0.01 ° ~ BDL-0.01 BDL-0.4 3.6-66.7 *
Oct/Nov-11 0.31 0.120.1 0.120.2 0.120.2 0.06+0.1 0.0320.03 42451
' " BDL-1.0 BDL-02 ‘ BDL-0.3 " 0.004-0.6 BDL-0.1 BDL-0.05 3.5-1274 "
Nov/Dec-11 0.003£0.003  0.01£0.003 0.04+0.1 0.02+0.03 0.0340.04 '~ 70.01x0.01 11.849
v 0.0003-0.001  0.003-0.01 0.003-0.1 0.002-0.07 BDL-0.09° - BDL-02 4.1-263
Dec-11/Jan-12 0.0120.01 0.012002  ° 0.0620.04 - 0.02+001 ' 0.005:0.01 ©  0.040.03 21.2423
.. _BDL-002 0002005  BDL-0. _ BDL-0.03 BDL-0.01 ~ BDL-0107 6.2-61.5
Jan/Feb-12 0.003+0.003  0.01x001 ~'0.010.004 0.010.01 0.005%0.01 0.02+0.002 7.245
. .BDL.0OODI . BDL0.02 _ BDL-0OI. _ BDL0.03 .. BDLO0OI . BDL002 _ 2.1-133
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Results and Discussion

, y -
4.1.7 PAHs Ratios and Source Identification

-To discriminate the origin of PAHS, ratio of the compounds provide accurate and
reliable diagnostic tool [202, 321}. Site-wise diagnostic ratios are shown in Table 4.11.
Anth/(Anth+Phen) and Flan/(Flan+Pyr) ratios of >0.1 and >0.5 respectively indicate
pyrolync origin of PAHs [193] Mean Anth/(Anth+Phen) and Flan/(F lan+Pyr) ratios of

oy

the present study ranged from 0 14£0.1 to 0.20+£0.2 and 0.73£0.2 to 0.82+0.3

P i .

respectlvely mdrcatmg pyrogemc origin of PAHs. Moreover C*PAHs/y PAHs ~1

(C*PAHS"'F Iu+Pyr+BaA+Chry+BbF+BkF +BaP+IP+BgP) 1mp11es for combustion as the

source of PAHs at 51te S2 [145 200 217 220] C*PAHS/ZPAHS ratlo ranged from
4‘. LRSI SO b U

10 327+0. 2 to 0. 532i0 2 mdrcated combustron orlgm of PAHs. Therefore the PAHs in

bulk deposmon could be mamly from pyrogemc / combustron sources.

l

The ratio of [P/(IP+BgP) between 0.35 and 0.70 is considered as specific marker
for diesel emrssron [201] Mean of IP/(IP+BgP) ratio at S] SZ and S5 site ranged from
0.699+0.3 to 0.7]3i0.3 mdreatmg that diesel emission as the major source of PAHs.
Again, the ratio at S4 of 0.§64i‘0.3 showed signature of wood burning [201].
Phen/(Phen+Anth) ratio of 0.76 is considered as specific marker for coal combustion
[322]. Phen/(Phen+Anth) ratio _ranged, from 0.797+0.2 to 0.860+0.1 respectively

indicating coal combustion as one of PAHs source.

Table 4.11 Mean diagnostic ratios of PAHSs in bulk deposition in Guwahati city

IP/(IP+BgP)  / Anth/(Anth+Phen) ' Flan/(Flan+Pyr) Phen/(PhéntAnth) C*PAHs/SPAHs

s1 0.%99*.6.{34 - 0.153+0.2 0.‘823i0.3 0‘54&0.2 ' 0.410;0.3
$2 0557103 . ,0,.‘197i0.2 ) ,.0.734i:0.2 :0.803£0.2 . 0.532402
'S3 0713403 - 0.140+0.1 ¢ 0.766+0.3 0.860+0.1° ° 0.367+0.3
S4 lO.664:h0.5 0.2030.2 0.757+0.3 0.79’7:t0.2 0.42610.3
S5  0.713x0.2 0.199+0.2 0.78420.3 0.801+0.2 0.327£0.2

. M vy B W .
*C*PAHs=Flu+Pyr+BaA+Chry+BbF+BkF+BaP+IP+BgP
' o \ ) .

ba

N

To identify seasonal variation' in the source of PAHs seasonal ‘mean diagnostic

.ratios were also studied which is put up in Table 4.12. The recommended ratio for
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Results and Discussion

IP/(IP+BgP) was found to be  0.56+0.3 and 0.70+0.3 during dry and wet season
respectively. These ratios clearly indicated that coal EOrnhuetion was the major source of
PAHs emission during dry season [199], while diesel emission. was the significant source

during wet season [201]. .

Anth/(Antth'Phen) ratio was found to be higher than 0.1 in Guv\;dhati during both
dry (O 56+0.3) and wet season (0 6]:1:0 2) sxgmfymg pyrolytlc orlgm of PAHs.
Phen/(Phen+Anth) ratio was observed to be less than 0.7 durmg dry (0.44+0. 3) and wet

season (0.39+0.2). This 1mplles that’ blomass bumrng 'Cvas a major source of PAHs bu]k

deposmon durmg both the samphng season {210]. Moreover Flu/(Flu+Pyr) ratio of
10.38+0.18 and 0.45+0. 3 durmg dry and wet season mdlcated gasolme engine combustion
as another source of PAHs durmg both the season [207]. It can be concluded that”
seasonality in source of emission wis there in' PAHs bulk deposition. Coal bummg was

observed to be one of the PAHSs sources during dry season..,

. i - a . R . .
Table 4.12 Seasonal mean diagnostic ratio of PAHs in bulk deposition of Guwahati city

it

IP/(Ip+BgP) P.h'en/(Phen+Anth) ' Anth/(énth+i’hen) F Iu/(\F lu+Pyr) ‘
" DrySeason  0.560.3° ' 0.44£0.3 ©0.56+0.3 0.38+0.2
Wet Season  0.70+0.3 ©0.39£0.2 -1 0.61£0.2 i 0.45+0.3 -

4.1.8 Sdoree Apportionment

To further demonstrate the sources, Principal Component Analysis (PCA) with
varimax rotation was applied‘to 16 PAHs concentrations. PCA is a multivariate statistical
tool to transform the original data set into a smaller one that account for most of the
variance of the original data [140]. By extracting the eigenvalues and eigenvectors from
the correlation matrix, principal factors with eigenvalues >1 were chosen. The initial
eigenvalues extracted were ‘cleaned up’ by means of Varimax rotation with Keiser

Normalization.

The 2 Principal Components (PC), accounting for ~93% of the total variance,
along with their eigenvalues are shown in Table 4.13. PC 1, explamed ~76% of total
variance, had high loading of Naph, Acen, Flu, Phen; Anth, BaA, Chry, BbF, BkF, BaP,
DBA, BgP and IP. BbF .in addition to BgP, Flan and IP. is.an indication of diesel-engine
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vehicle [208, 323). Also, Anth, Phen, Flan, BaA and Chry, are regarded as specific
marker for coal combustion [208, 324] and Phen, Anth and Flan are typical indicator of
wood combustion [208]. Thus, PC 1 could be attributed to a mixture of sources of

combustion in origin - diesel, coal and wood burning.

PC 2 explained ~16% of the total variance with high loadings of Acy, Flan and
Pyr, which are typical markers of vehi(;ular source [325]. Thus, PC2 could be attributed
to mobile source like gasoline vehicles. Figure 4.6 shows the components in rotated

space, which clearly depicts the two distinct components.

Table 4.13 Principal Component Analysis of PAHs concentration in bulk deposition
of Guwahati city (extraction method: Principal Component Analysis (Rotation

method: Varimak with Kaiser normalization), loading>0.7 are shown in bold)"

Rotated Component Matrix

!, « Component ., .,
P ! s 2 1

Naph! 099 008l o
Acy 010 0.97
Ace 087 - 030
Flu 077 ,; 022
Phen 0.94 033
Anth “* 97 T o
Flan 03 4091 .
Pyr -002 0.97
BaA 0.99 009
Chry 100 007 1
BbF 099 007
BkF #1.00. .- 006
BaP W, 099 , 014
DBA 0.99 009
BgP 0.73 013
P 1.00 007
Eigen values 1220 260
% of variance 76 26 16 27
Cumulative % 76 26 92 53
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Figure,f$:63. Principal Compo.nerlltea 'p!qﬁted in the space - 2 .components clearly
distance from each other.

The principal aim of PCA/MLR is to determine percent co‘ngrcl_butiqpfp{ different
sources in a given environmental matrix. Multiple linear regression (MLR)_analysis from
extracted factors was conducted in accordance with Larsen and Baker [71]. For 'this
analysis concentrations were converted into z-scores. Here PCA fac;or scores were
taken as independent variables and z-score values of sum ‘PAH (ZPAH) as dependent
variable. In order of their individual simple correlatlon'from max1mum to lowest, each
independent variable was added into regression stepwise.*A default level of significance

I

0.05 was used.

Factor scores 1 and 2 corresponding source 1 (diésel + coal + wood combustion)
and source 2 (gasoline vehicles) respectively, were regressed against the standard

normalized deviate (z) of the sum of 16 PAHs. The resulting equations were obtamed as

AT

Z = 0.991F51+ 0.113F52 (= 0.995) —-eq5
Mean contribution of source i (%) = 100 X (Z%) H -eqb

Where, Bi is the regression coefficient associated with factor score i (FSi).

Thus the mean contribution was ~90% for source 1 and ~10% for source 2 as illustrated

in Figure 4.7.
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Source 2

10%

Source 1
0%

Figure 4.7: Source contribution of PAHs in atmospheric bulk deposition in urban
Brahmaputra Valley —Source | (diesel, coal and wood combustion by industries,

households, agriculture and transport) and Source 2 (gasoline powered vehicles).

In absence of an ordered public transport system in the region there is an
exponential growth of 2-wheelers which run on gasoline. Though 2-stroke vehicles
which are poor in terms of combustion efficiency have been completely phased out by 4-
stroke vehicles, the number of 4-stroke vehicles leads to addition of large volume of

PAHs in the atmosphere.

The maximum ) PAHs concentration at S1 could be attributed to major
industrial activities. Occurrence of 2 to 6 rings PAHs at S1 could also be attributed to
their industrial location. Moreover, percentage contribution of CPAHs was found to be
maximum (38%) at S1 with highest value of carcinogenic potential. The presence of
various industrial unit at industrial site may have contributed to the high concentration of
PAHs at this location having high carcinogenic potential. The Guwahati Refinery is
situated close to the sampling location. Besides, there are coke industries, which produce
carbon products, and processing industries in that area that could be possible contributor
of PAH in bulk deposition. However, residential site with high concentrations could
attribute to highway traffic which is not so far from the sampling area. Similar PAH
concentration levels of forest site with that of traffic site is another major concern.

However, level of carcinogenic potential at forest site was found to be minimum.

(%]
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Results and Discussion
4.1.9 Analysis of Carbon

The mean concentration of organic carbon (OC) and black carbon (BC) in bulk
deposition are shown in Table 4.14. BC was estimated in 20 bulk deposition samples.
The overall mean value of BC in Guwahati was found to be 7.3+6mg/gm. Mean

concentration of OC was found to be maximum (0.04+0.06 %) during Dec-11/Jan-12.

To see the seasonal dependency of PAHs on organic carbon, correlation analysis
was carried out (Table 4.15). The results indicate a rather weak or no correlation of any
PAH compounds with OC during dry season with the exception of Acen, BbF and IP.
Acen and BbF show significant positive correlation with OC, whereas, IP have
significant negative correlation with OC. Thus, it may be inferred that, in bulk
deposition, only some of the individual PAHs, namely Acy and BbF were found to

influence OC content.

Table 4.14 Mean of organic carbon (OC) concentrations (%) and black carbon (BC)

concentrations (mg/gm) in Guwahati

oC BC
Feb-11 0.005+0.0004
Feb/March-11 0.012+0.009
March/Apr-11 0.0012+0.0004 6.6+8
Apr/May-11 0.006+0.003
May/June-11 0.002+0.001
Junl-11 0.005+0.002
Jul-11 0.002+0.001
Aug-11 0.003+0.001
Sept/Oct-11 0.0110.003
Oct/Nov-11 0.006+0.003
Nov/Dec-11 0.008+0.003 7.1£6.1
Dec-11/Jan-12 0.04+0.06 20.1x16
Jan/Feb-12 0.01+0.003 6.7+9
Guwahati 0.01£0.02 7.3+6
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Table 4.15 Correlations of organic carbon (OC) with PAHs. during dry and wet

season
Dry Season Wet Season
Naph 038 20.02
Acy 022 -0.03
Acen 019 0.85%
Flu 025 -0.30
Phen 0.03 - 0.02
Anth 024 -0.20
' Flan -0.19 -0.25
Pyr 0.11 0.13
BaA 0.00 -0.64
Chry 0.01 064
BbF. 026 . 0.82¢ .
BKF 0,07 033
BaP 004 06l
DBA -0.38 -0.68
BgP 0.13 20.50
P 0.17 0.93+
SPAHs | 004 . -043

*Correlation is significant at 0.05 level (2-tailed)
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4.2  PAHs in Soil of Guwahati City
4.2.1 Summary Statistics of Soil PAHs

Soil PAHs were explored to trace if any relationship with PAHs in atmospheric
deposition existed. Concentrations of soil PAHs at five locations of Guwahati city during
3 seasons have been put up in Table 4.16. Y PAHs concentrations ranged between
799.73ng/gm (at SS5) and 51299.665ng/gm (at S3). Concentration of BaP varied from
BDL (at S5) to 322.4ng/gm (at S1). The details of spatial and seasonal variation have

been illustrated in the next section.

4.2.2 Spatial and Seasonal Variation of PAHs

Mean YPAHs was found to be maximum at industrial site (S1)
(24138+5000ng/gm) and minimum at residential site (S4) (2817+2014ng/gm) (Table
4.16). Spatial variation of the concentrations was quite profound. Dissimilarity in
landuse, vehicular density and composition and nearness to major source could be
possible determinants of such spatial variations. Mean } PAHs concentration at S1 was
found to be 9 times higher than the concentration at'S4. The maximum concentration at
S1 could be attributed to major industrial activities at the site. The minimum
concentration of )’ PAHs at S4 could be attributed to low traffic and residential landuse.
The decreasing order of mean ) PAHs concentration was found to be as

S1>83>85>82>84; i.e. industrial > traffic > forest> commercial >residential.

Interestingly, S2 (commercial area) showed lower PAHs concentration than a
forest site. Being situated on the bank of the Brahmaputra River, S2 receive cleaner air
due to north-easterly wind coming across the river for most time of the day. Despite
being a forest site far from major emitting sources, S5 did not show lower concentrations
of PAHs. This was probably because forest soils receive atmospheric depositions that

remain undisturbed for longer period leading to much accumulation of the compounds.

Among individual PAHs concentrations of Naph, Acy, Acen, Phen, Flan, Pyr,
BaA, Chry, BaP and IP were found to be maximum at site S3, S1, S5, S1, S§, S1, S1, S1

and S3 respectively.
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Table 4.16 Mean concentrations (ng/gm) and standard deviation (SD) of 16 PAHs in soil of Guwabhati city

‘  Naph Acy Acen Flu Phen Anth  Flan Pyr BaA Chry BbF  BkF BaP DBA BgP 1P YPAHs
st
Mean 8454.83 68095 683 7.9 60154 73.04 27859 114.13 9109.8 470462 4342 901 16421 2157 2773 7092 2413754
StdDev 6676 879 S L1320 27 247 83 7Ti87. 1960 30 5 . 149, 14 I3 | 58 5000
82 Lo , N ., c S E— o B
Mean 353464 3349, 2697 479 11621 867 6151 2084 22409 20878, 3224 1.6 , 1498 298, 469 1258 431851
StdDev a2 n 2 43 15 48 13200 206 50 1””%, 19 2 .. 5 5 1853
£ , - '
Mean 171781 2221 13249 651 19357 159 16959 8689 75038 53704 378 845 7743 673 1252 14129 19261
StdDev 28366 1 83 06 166 20 53 56 467 370 2 4 47 1 97 27746
54 B | i ’
Mean 78464 3142 2444 1517 5844 1224 19296 39.03 103589 56628 721 953 5148 605 1505 5387  2817.06
StdDev 546 32 14 ' 10 106 59 1624 565" 2 12 7 4° 18 25 2014
“qs i ' L . cl
*Mean 402575 3996 548  13.03 14427 6.13 37051 5082 22149 155484 763 952 1324 46 7796  5991.02
‘StdDev 6404 55 5 200 62 8 66 §274
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Table 4.17 Mean PAH concentrations (ng/gm) and mean BaPq equivalents in soil of Guwahati during various seasons

Monsoon-11 Post- monsoon-11 Pre-monsoon-12

Mean Range BaPq mean Mean - Range BaPq mean Mean Range BaPq mean
Naph 1792.4+1562 (260.2-4376) 1.8+2 16443.7£19693 (420.5-49931.4) 16.4220 2150 72273 (396.4-4829.3) 2.2+2
Acy 7.5+6 (BDL-11.7) 0.01£0.01 3784617 (BDL-1302.5) 0.4+1 26.2+21 (5.9-59.4) 0.03+0.02
Acen 74.5+96 (3.3-217) 0.120.1 52.7+60 (BDL-138.6) 0.1£0.1 47.4+56 (BDL-129.3) 0.05+0.1
Flu 8.5+3 (4.9-12.4) 0.01£0.003  13.2%10 (5.9-25.4) 0.01£0.01 4.642 (BDL-6.9) 0.004+0.002
Phen . 15544204 (BDL-461.3) 02+0.2 293.5+289 (BDL_725.4) 0.3£0.3 . 321.4£221 (BDL-618) 0.3+0.2
Anth 22,122 (4.5-47.7) 0.240.2 20.2+32 (BDL-68.‘6) 0.219.3 139337 (7.6-102.8) 0.4£0.4
Flan 213.7+169 (6.5-385.3) 0.240.2 128458 (70.9-207.3) ‘ 0.1£0.1 3114275 (99.9-655.3) 0.340.3 '
Pyr 4657 (1.1-121.8) 0 05+0.1 77.4+78 (8.7-193.1) 0.1£0.1 63.6+56 (13.7-139.8) 0.01£0.1
BaA 233344456 (12.4-10252) 23334446 501.7+£524 (168.1-1419.2) 50.2+52 3970.346625 " (116.7-15658.1) 3974663
Ch;'y 1094.9+1820 (BDL-38’23.9) 1118 " 140315827 (453.7-3338.9) 14x16 1.953.1:1:‘2822A ‘ (202.6-6951) 19.5+28
BbF, 12.2+9 (BDL-23) 1.2+1 9.§i13 (BDL-28.5) 1x1 37x44 0.7-90.9) 3.744
B;/(i? 1.8+1 (BDL-2.6) ‘ 0.210.1 11.5+9 '(0.6:23.5) . l‘.' lli] t7.9i5 ) ’(BDL-7.9’) 0.8+1
BaP 66.8+75 (BDL-144.4) 66.8+75 1749 (3-25.8) 1749 119.7+124 (8.3-322.4) 119 72124
DBA, 6.6x0.7 (BDL-6.6) 6.6+0.7 13.2+20 (BDL-36.2) ; 132220 , 9.9+8 (BDL-2_L4) 9.9:h:8
BgP 9+13 (BDL-28.2) 0.140.1 8+6 - (BDL-14.2), i ,0.1£0.1 233+14 (BDL-40.8) 0.2+0.1
P 86.9+98 (BDL-231.1) 8.7+10 79+62 (6.5-155.5) 7.946 49.8+50 (16.1-138.6) 545
YPAHs 5570.7£7830 (799.7-19492)  308.6+525 19292.1£19932 (1271.4-51299.7) 116.4+93 . 9052.3x11508 (1639.7-29492.3)  557x828

¢
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Results and Discussion

Seasonal variations of ) PAHs are shown in Table 4.17 and also illustrated in Figure
4.8. The maximum concentration of ) PAHs was observed at S3 during post-monsoon

period. S3 experience very heavy traffic all through the day.

The mean concentration of Y PAHs (19292.1+19932 ng/gm) was found to be
maximum during post-monsoon period. During post-monsoon less rainfall and low average
temperature enhance higher rate of scavenging of PAHs that leads to higher deposition on
soil surface. Low disintegration rate and less wash out might have triggered such high
concentration levels. The post-monsoon concentration was followed by values of pre-
monsoon (9052.3+11508 ng/gm) and monsoon (5570.7+7830ng/gm) seasons. Heavy rainfall
received during the monsoon might wash-away top soil carrying PAHs along, which could
be the possible reason for such lower concentrations. Individually, mean PAH

concentrations were found in the order of Naph>BaA> Chry> >Phen>Flan.

Mean concentrations of LMWPAHSs, naphthalene to chrysene, were found to be
abundant during post-monsoon and HMWPAHs including BaP were abundant during pre-
monsoon. Temperature dependent scavenging of LMWPAHs and their subsequent
deposition could be attributed to such variability in PAHs. The LMWPAHS are often found
to be influenced by seasonality with variation of temperature. This lead to long range
transport and deposition of PAHs on a surface through continuous air-surface exchange by
means of succeeded cycles of deposition and re-evaporation as reported by Yamasaki et al.

[310].
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Figure 4.8: YPAHs in soil of Guwahati during monsoon, post-monsoon and pre-

monsoon seasons.
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4.2.3 PAHs Profiles

The composition profiles of PAHs by ring number have been illustrated in Figure
4.9. Two-ring PAHs were prevalent during monsoon at S2 and S4 representing 83% and
69%, respectively of Y} PAHs. During monsoon 4-ring PAHs were found to be dominant at
S1, S3 and S5. The highest representation of 4-ring PAHs was found to be at Sl;
contributing 74% to > PAHs. However, Dominance of 2-ring PAHs was observed almost at
all the sites during post-monsoon season. During pre-monsoon predominance of 4-ring
PAHs was observed at all sites barring S2. At S2, 2-ring PAHs dominated in all the three

s€asons.

In general, in Guwahati PAHs profile was found to be dominated by 2- and 4-ring
PAHs during monsoon and pre-monsoon season, while high abundance of 2-ring PAHs was
noticed during post-monsoon season. Similarly, contribution of 2 and 4-ring PAHs was also

observed by Choi [326] in South Korea soil.

The observed pattern could be explained in terms of physicochemical properties of
PAHs and varied local environmental conditions. Moreover, ‘Multi-hop’ nature of
LMWPAHEs allows long range transport and so is more susceptible to continuous deposition
and re-evaporation [97]. The change in concentration of 2-ring polycyclic aromatic
hydrocarbon in post-monsoon and pre-monsoon may be attributed to various atmospheric
and meteorological factors. The prevailing atmospheric condition with low wind activity,
subsidence state and inversion condition might be the possible cause for such variation

during pre-monsoon season.

LMWPAHSs are known to have significant acute toxicity [96] and it is worthy to note
that Naph, BaA, Chry, Flan, Phen and Pyr are predominating PAHs in soils of Guwahati.
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Figure 4.9: Percent composition of three-, four-, five- and six-ring PAHs at five
sampling sites during (a) monsoon, (b) post-monsoon (c) pre-monsoon season and (d)

Guwahati (mean of all the sites, S1-S5).

4.2.4 Toxicity

Representation of site-wise carcinogenic PAHs (CPAHs) with rest of the PAHs has
been illustrated in Figure 4.10. The percentage contribution of CPAHs was > 50% at S1, S4
and SS, and the highest contribution was found to be at S1 with 57% contribution. In

general in Guwahati CPAHs contribution was revealed as 42%.

CPAHs contribution was also illustrated seasonally in Figure 4.11. CPAHs
percentage was found to be 40%, 28% and 56% during monsoon, post-monsoon and pre-
monsoon season respectively. Thus carcinogenic PAHs contribution was observed as
maximum during pre-monsoon season. Rise in heating activities during pre-monsoon season

could probably trigger such high percentage in that season.
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Figure 4.10: Abundance of carcinogenic PA

Hs (CPAHs) to non-carcinogenic PAHs at

sampling sites (S1-S5) and in Guwahati (mean of five sampling sites, S1-S5).



Results and Discussion

(@) | CPAHs (h)

.“ |‘ 28%
~ ! Naph ‘
| CPAH: ) ;
I 106 \ 400, \
Acy
0%
Acen ‘
BeP
0(‘) o \\. = :0 O £
Pw_/ _/ 65% |
1% Flan Anth LPhen o, ‘ 0°gcenJAcy
140 o OO 0 :0 o | 00 o 20 o
(©) Naph |
26%, :
Acy
0%
| CPAHz Acen
‘ S6% 199
| Flu
? 0% |
‘ Phen |
l, l 6%
[ / + LFl Anth |
| BQP P\ ! an 0%0 “

’ %0 20, 9a

Figure 4.11: Abundance of carcinogenic (CPAHSs) to non-carcinogenic PAHs during

(a) monsoon, (b) post-monsoon and (c) pre-monsoon in soil of Guwahati.

Mean BaPq of Y PAHs in soil ranged between 51.1+£46 (at S2) and 1167+874 (at S1)
ngBaPg/gm (Table 4.18). If we compare the industrial site (S1) and forest site (S5), although
the total mean PAHs at S1 was 4 times higher than S5, BaPq was as high as 22 times. BaPq
of industrial soil of Guwahati was higher than traffic soil of Delhi 1009 ng BaPq/gm [97],
soil of Shanghai, China 892 ngBaPq/gm [276], soil of petrochemical region of Portugal of
162.02 ng BaPqg/gm [327], soil of San Nicolas, central Mexico of 140 ng BaPq/gm [328].

Thus, the exposure risk of PAHs for Guwahati soil was found to be high.

Total mean BaPq values were found to be 308.6+525ng/gm, 116.4+93ng/gm and
557+828ng BaPq/gm during monsoon, post-monsoon and pre-monsoon seasons respectively
(Table 4.17). Thus, PAHs exposure risk from soil was found to be maximum during pre-
monsoon season, when the emission rate of PAH was maximum triggered by favourable

meteorological conditions.
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Table 4.18 Site-wise mean BaPeq concentrations (ng/gm) of PAHs

S1 S2 S3 S4 S5
Naph 8.5+7 3.5+1 17.2+28 0.8+1 4,016
Acy 0.7+1 0.03+0.04 0.02+0.001 0.03+0.0 0.04+0.1
Acen 0.01£0.0 0.03+0.01 0.13+0.1 0.02+0.03 0.05+0.1
Flu 0.01£0.003  0.005+0.003  0.01+0.001 0.02+0.01 0.01+0.01
Phen 0.6+0.1 0.1£0.04 0.2£0.2 0.06+0.0 0.14+0.01
Anth 0.7£0.3 0.2+0.2 0.16£0.2 0.12+0.1 0.06+0.02
Flan 0.3+0.3 0.060.1 0.17+0.1 0.19+0.1 0.37£0.3
Pyr 0.1+0.1 0.02+0.01 0.1+0.1 0.04+0.1 0.05+0.1
BaA 911719 22.4+20 75.04+47 103.6+162.4  22.15%19
Chry 47.1420 2.1£2 5.4+4 5.7+6 15.6x19
BbF 4,343 3.2+5 0.4+0.3 0.7+£0.2 0.8+1
BkF 0.9+1 0.2+0.1 0.8+1 0.95+1 0.95+1
BaP 164.2+149  15+19 77.4+48 51.5+77 13.247
DBA 21.6£15 3.0+3 6.7+0.0 6.1+4 BDL
BgP 0.3£0.1 0.05+0.1 0.13+£0.01 0.15+0.2 0.05+0.003
P 7.1£6 1.3x1 14,110 5.4+3 7.8+£7
YPAHs 1167874 51.1347 192.9+£72 172.8+247 52.7456

4.2.5 PAHs Ratios and Source Identification

The diagnostic ratios found in the present study were indicative of pyrogenic origin
of PAHs (Table 4.19).

Anth/(Anth+Phen) ratios were found to be 0.14+0.1, 0.1£0.1 and 0.14+0.1 during
monsoon, post-monsoon and pre-monsoon respectively. Similarly, Flan/(Flan+Pyr) ratios
were 0.71£0.3, 061+0.3 and 0.74+0.2 during monsoon, post-monsoon and pre-monsoon
respectively, which inferred pyrogenic input of PAHs in all three seasons. BaA/Chry ratio
of 1.11 is considered as specific marker for coal combustion [208, 322]. BaA/Chry ratios
were found to be 0.92+land 1.4+1 during post-monsoon and pre-monsoon seasons
respectively could explain coal combustion during these two seasons only.
Phen/(Phen+Anth) ratio greater than 0.7 is an indicative of fossil fuel emissions according
to Kavouras et al. [210]. Phen/(Phen+Anth) mean ratio was greater than 0.7 in three seasons
indicate source emission from fossil fuels in soil PAHs. The ratio of IP/(IP+BgP) between
0.35 and 0.70 is considered as specific marker for diesel emission [201] and BgP is often

considered as a vehicular marker. Mean IP/(IP+BgP) ratio was 0.71£0.2 only during pre-
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monsoon, while 0.77+0.3 and 0.85+0.1 in monsoon and post-monsoon respectively. This
indicated that diesel emission was an important source of soils PAHs during pre-monsoon
{ .

only. Thus, seasonality of source strengths of PAHs was ilividly Qisplayed by the source

diagnostic ratios.

Table 4.19 Seasonal mean diagnostic ratios of PAHs in soil of Guwahati city

Post- monsoon- Pre-monsoon-
Monsoon-11 11 12
M’ean Range Mean Range Mean Range

Anth/(Anth+Phen) 0.14+0.1 (0.07-0.23) 0.1£0.1 (0.01-0.3) 0.14+0.1 (0.05-0.3)
Flan/(Flan+Pyr) 0.71£0.3 (0.35-1) 0.61+0.3 (0.4-0.95) 0.74+0.2  (0.49-0.96)
IP/(1P+BgP) 0.77£03 (0.42-0.99) 0.85£0.1  (0.7-0.99) 0.71£0.2 (0.47-0.94)
Phen/(Phen+Anth) 0.85+0.1 (0.77-0.93) 0.87£0.1  (0.7-0.99) 0.8540.1 (0.7-0.95)
BaA/Chry 2.01£1.8 (0.1-4.49) 0.92+1 (0.15-3.45) ] ,4;] (0.6-2.4)

4.2.6 Source Apportionment

Five factors explaining 86% of variance were obtained for soil PAHs using PCA
(Table 4.20). Factor 1 explained 39.8% of variance and had high loadings of Phen, Anth,
Flan, BaA, Chry, BbF, BaP, DBA, BgP, and IP. BbF in addition to BgP and Flan is an
indication of diesel-engine exhaust [324]. However, Anth, Phen, Flan, BaA and Chry, are
regarded as specific marker for coal combustion {208, 329] and also Phen, Anth and Flan
are typical indicators of wood combustion [208]. Thus, factor 1 could be attributed to
mixture of diesel, coal and wood combustion. -

Factor 2 explained 16% of variance with high loadin‘gs of Acy, Phen, Anth, Pyr and
DBA. This factor could explain coal combustion [208]. Factor 3 had high loading of Acen,
Pyr and IP explaining 13% of variance and they are considered as typical marker for mobile
sources (traffic) [329]. Factor 4 explained 10 % of variance with high loading of Flu, Chry
and BKF indicating for vehicular- sources. Factor 5 explained 7% of total variance with
significant loading of Naph and IP.. This factor is marked for diesel powered vehicle. Thus,
the sources could be broadly divided into two major categories of pyrogenic origin —.factors

1-and. 2 representing stationary sources and factors 3, 4 and 5 representing mobile sources.

45



Results and Discussion

Table 4.20 Prmclpal Component Analysis (PCA) of soils PAHs of Guwahatl clty
(extraction method: Prmclpal Component Analysns, Rotatlon method: Varlmax wnth

Kaiser normalization)

Components
1 2 3 4 B
Naph -0.083 0.137 0.114 -0.034 T 0.8% .
Acy 0038 - 0.888 -0.220 0.028 0.251
Acen 0211 0051 0925 . -0.024 -0.053
Flu -0.199 -0.066 0.033 0.942 .15
Phen 0.675 0.629 0134 0017 em
Anth 0.888 0.386 © 0161 -0.050 0018
Flan 0.410 -0.453 -0.221 0088 0.253
Pyr 0.138 . 0.840 ¢ - 0344 0.113 0.135
BaA . 0960 -0.057 . 0.000 0.057 0024
Chry 0.888 0273 0.014 0.240 0.088
BbF 0.676 " 0014 0214 -0.230 -0.010
BKF 0.157 0213 0.052 0.885 0.087
BaP 0.934 -0.059 0.251 -0.004 -0.103
DBA 0.524 0.746 -0.247 0.049 0l
BgP 0.8% 0.138 0027 -0.040 0014
1P : 0218 - - 0153 0.787 0.181 0445
Eigen Value. 6.369 . 25m 2.119 1.562 1.109
% of Variance 39.809 16076 13245 9761 6.929
Cummulative % 39.809 55.885 69.130 78.890 ' 85820 -
[dentified Sources - , diesel + coal + diesel + coal traffic * vehicular diesel engine /
: wood combustion combustion vehicular emission

SN — M. ——_

v B ——

Stationary sources
nary sour Mobile sources

1

Source Contribution (%) 25452 11.454 6.966 1.407 54,722

JE— S— ! .

—
~37% : ~63%

. “PCA Factor scores 1-5 corresponding diesel+Coal+Wood combustion, diesel + coal
combustion, traffic, vehicular, diesel engine/vehicular emission, were taken as-independent
variable and z-score values of sum PAH (3 PAH;) as dependent variable. In order of their
individual simple correlation from highest to lowest, each independent variable was added
into stepwise regression. ‘The resulting equation 7 was obtained after computed for
PCA/MLR.
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-Z'= 0.38F51+ 0.171FS2+:0.104FS3+ 0.021F54 4+ 0.817FS5. - [eq7]

Thus the mean contributions were found to be 25.452%, 11.454%, 6.966, 1.407 %,
and 54.722 % forifactors 1 to 5 respectively. So; vehicular emission (factor 4) dominated the

source of PAHS in soil.

42.7 Seasonal Association of Carbon with PAHs

Mean and range of OC, BC and BC/OC have been presented in Table 4.2]1. From the
tablé it was observed that for OC maximum mean ws observed during 'monsoon season
with fnean concentration ‘of 26.9313mg/gm and’ maximum mean coricentration of BC
25.5+6mg/gm was found ‘during post-monsoon season. However, BC/OC ratio was almost

equal during post-monsoon and pre—monsoon ‘season of 1.4+0.7 and 1.4+0.8 respectively.

Table 4.21 Mean and ranges (mg/gm) for organlc carbon (OC), black carbon (BC) and
BC/OC in soils of Guwahati'(n= 15)

Monsoon-11 Post-monsoon-11 - Pre-monsoon-12
Mean : Range Mean Range Mean . Range
o 26137 (i62482) 2744 (13 I -47) . “‘23“,“23:&131 u (12:4.5)
BC 19.848 (10-29.2) 25.546 ( 18.7-32. 8) 25.3+4 (20.5-31.6)
BC/OC 1.341 (0'.2-3) 1.440.7 (04-2.1) 1.4+0.8 (0.6-2.7)

Pearson’s cotrelations were built between carbon and PAHs for the 3 seasons (Table
4.22). During monsoon, greater number of members showed association with OC, however,
during pre- and post-monsoon season association was more pronounced with BC and
BC/OC.

During monsoon Acen, Pyr, BaA, BkF, BaP, IP and }PAHs were showing
significant correlations with OC. While only Flu, Flan and BbF were found to represent
significant correlatlons with BC and BC/OC During post-monsoon Naph, Acen Fian, BaP,
BgP, IP and ZPAHS were observed to show significant correlations with OC While Acy,
Phen, Anth, Pyr, BaA, Chry, BbF, DBA and BgP showed good correlations with both BC

and BC/OC during post-monsoon season. During pre-monsoon, only Acen, Flu, Pyr and
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BkF showed significant correlation with OC, however, most of the individual PAH were

found to show significant correlations with BC and BC/OC.

R

Pre-monsoon is a much, drier period of the year. During pre-monsoon period-there
are intense biomass burning practices in the region like festive meji burning, forest. fires for
management, clearing agricultural land for jhum cultivation and for crop rotation prevail in
the region. As dry biomass combustion emits more BC than that of wet biomass which
released more OC into the environment [330], during the long spell of dry period of.pre-

monsoon biomass burning could add more of BC and PAHs.
R ' o C e 5 .
Coal fired brick kilns, another important source of PAHs and BC, are also active
during dry periods of post- and pre-monsoon. Activities in the brick kilns become mo-s,t
productive during pre-monsoon as the operations are to be closed before the onset of the

monsoon that carries high and prolonged rainfall.

ra

Pre-monsoon season is also the period when financial year ends in India. Since the
northeast Indjan region receives major supplies from India’s mainfand; supply and. transport
activities multiply many folds to meet demand before the financial year ending. This could

also explain for more co-emission of PAHs with BC.

Table 4.22 Correlatioﬁs ;)f PAHs with organic carbon (OC) an‘d black carbon (BC),
BC/OC in soil during three sampling periods o : '

i

M Naph Acy Acen  Flu Phen Anth  Flan  Pyr ‘BaA Chry  BbF BkF  BaP DBA° BgP 1P 3 PAHs
oc 006 014 088 021 006 009 008 071 021 015 013 045 074 022 009 056+ 020
BC 015 085 070 08 009 005 054 032 006 007 066 012 028 -008 02 070 00l
Lo SV H \ . 1 . . " . . . 4
sdoc - 0367 071 065 066 046 -0.17 048 053 020 018 043 01 050 0.6 -006 -071 . -024
C e L e, : , oy
P e - , L .. . L
MmonNsoon
R L oo om ' oss 07
oc 0.98% 021 021 ' -037 -003 024 074 023 -012 020 022 031 058 -020 ‘055 078 094t
BC 031. 071 016 -029 069 068 077 087 069 075 073 020 005 062 031 651 019
BCOC 076 038  -0.19 009 027 039 -0.85 040 028 027 038 0I5 055 032 -029 088 -07
T P T : . 2 - . " -
Pre-
Mon)sp%l:.:, ot ; . . . - ; . e ;o . - } (-
oc 068 028 089+ 051 056 -043 038 08 049 _-043 067 033 033 029 035 037 453
o oy, JU N A , . ; G owes v . - L.
BC 0.23 0.94* -0.18 0.40 0.83 0.77 0.55 0.26 0.89* 0.90* 0.07 0.77 0.884 0.89* 0.75 '0.94‘ 0.82
o N Sy . ' e, . e et i u ! 1y el
Boroc 079 074 063 -028 066  0388%  05i° 064  091* 090 070 033 079 078 071 08  0.94%

*Correlation is significant at the 0.05 level (2-tailed) . . .

**Correlation is significant at the 0.01 Jevel 2-tailed) ..
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To better understand the effect of BC on dispersion of soil PAHs, dependencies of
logPAHs on BC/OC ratios were examined (Figure 4.12). Negative slopes were obtained for
monsoon and post-monsoon period when log) PAHs were regressed over BC/OCs;
however, a positive slope with high coefficient of determination (r*=0.75) was found during
pre-monsoon period (Figure 4.12c¢). Similar trends were also found when log) LMWPAHs
and log) HMWPAHSs were regressed over BC/OC; positive slopes (with coefficient of
determinations r* = 0.76 and 0.44, respectively) were found during pre-monsoon period
(Figure 4.12f,i). The relationship was found to be relatively weak in case of HMWPAHS.
However, HMWPAHSs was observed with stronger negative relationship with OC than that
of LMWPAHSs and ) PAHSs during monsoon season.

In soil, this kind of reversal of PAHs-BC relationship is unusual because soil
receives continuous deposition for very long period and, therefore, a characteristic pattern is
established over a period of time. The observed relationship could be very unique for
regions that receive high rainfall during one season of the year; like the heavy monsoon

shower received by the Brahmaputra valley.

‘ The region represented in the study recei\ces very heavy rainfall during monsoon.
Torrential rains during monsoon loosen the top soil and probably wash away the deposited
particles with ‘the storm water.‘Thi.s could remove the PAHs sigpature of the past. Then after
the monsoor;, a long spell of dry days - post- anfi the pre-m;)nsoon periods follow sepe}rated
by a short spell of winter. Aﬁer monsoo;l, fresh &gposjtions build up. It could be so that
du;ing monsoon and post-mgl}soo‘nrkperiod BC contributions are not §qfﬁcient gnpugh to
control the association of soil PA%—Is with'OhC. During pre-monsoon; however, sufﬁcint
deposition of BC on to soil could create a situation where BC starts interfering with OC.
Agarwal and Bucheli {151] reported that BC could be a better predictor for PAHs
distribution in Indian soil than OC. They, in fact, reported data’lfrom a very dry region of
India. In the high rainfall regions of Indian subcontinent, however, seasonal trend of PAHs —
BC relationship is likely, as found ‘in the present study. So, ‘it could be relevant to say that

BC played significant role in soil PAHs dispersion during dry pre-monsoon season.
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Figure 4.12: Dependency of logy PAHs on BC/OC ratios: (a) log> PAHs on BC/OC
during monscon, (t;) logy PAHs on BC/OC during post-monsoon, (c¢) logy PAHs on
BC/OC during pre-monsoon, (d) logy LMWPAHs on BC/OC during monsoon, (e)
logY LMWPAHs on BC/OC during post monsoon, (f) log¥ LMWPAHs on BC/OC
duﬁring pre-monsoon, (g) log> HMWPAHs on BC/OC during monsooﬁ, (h)
log HMWPAHSs on BC/OC during post-monsoon and (i) 16gT HMWPAHS on BC/OC

in pre-monsoon.

4.2.8 Heavy metals in Soil

The concentration of eight heavy metals viz. Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn were
estimated in five locations of Guwahati during three seasons. Seasonal variations of heavy
metals are illustrated in Table 4.23. Mean concentration of Cd (0.25+0.1 pg/gm), Cr
(26.29+7 pg/gm), Cu (12.48+2 pg/gm), Fe (16314.63+£2269 pg/gm), Mn (363.32+111
pg/gm), Ni (12.79+3 pg/gm) and Pb (8.67+7 pg/gm) were found to be maximum during
monsoon season. However, mean concentration of Zn (127.76+178.88 pg/gm) was

maximum during pre-monsoon season.
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Table 4.23 Seasonal mean and range of heavy metal concentration (ug/gm) in soil of

Guwahati o ! ‘
. , l
Monsoon Post-monsoon . Pre-monsoon
Cd 02501 BDL-0.33 0.17+0.1 : 0.06-0.25 0.14+0.1 0.004-0.35
Cr  2629+7 BDL-36.83 21.28+6 i 13.86-25.94 21.63x12 . 8.45-35.08
Cu  12.48+2 BDL-15.03 12,1347 5.06-20.92 9.81:4 {  4.10-13.44
T H
* L 699441
Fe  16314.63+2269 BDL-18605.4 ° 12960.32£2390 9878.2-16051.8 12858.37+4703 18603.81
Mn  363.32«111 : BDL-522.65 269.58+38 209.92-313.92  253.7978 168.51-366.25
Ni 12.79+3 ' BDL-17.26 10.26+4 5.04-13.60 10.48+6 - 449-17.56
Pb  8.67x7 0.42-14.48 7.91+6 3.56-17.25 4.14+4 0.61-11.59
In 725921 v BDL-112.99 103.64+125 . 37.01-326.74 127.76£179 «  20.14-44595

}

Pearson’s correlations were built between heav'y metals and PAHs for the three sampling
seasons (Table 4.24). The results showed tl;at" during monsoon season‘Cd‘ Mn and Zn
exhibited significant positive correlation w1th Flan while Pb showed sngmﬁcant negative
correlation with DBA. On the other hand durmg post-monsoon season, negatlve correlation
was observed for Cr and Ni with Flu while, Pb with BaP. Most of the heavy metals during
pre-monsoon exhibited significant positive relatlonshlp with some mdmdual PAHs such as
Cd with BbF, Cr wnth ‘Phen and BkF, Mn w1th Phen and Anth Ni with Phen and Pb with
Pyr. j

Relationships of PAHs with heavy métals were more pronouﬁced' during pre-
monsoon season than monsoon and post-monsoon” season. Atmospheric condition and
anthropogenic actxvmes during pre-monsoon season could possibly attrlbute such
relationship of PAHs with heavy metals. Moreover, from the relationship of sngnature PAH
such a Phen, Anth and Pyr with that of Cr and Ni were an indicator of coal combustion
source. Relatlonshlp of BaP, BbF and BKF w1th’ Pb and Cd revealed vehicular emission as

another source.
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Table 4.24 Correlation

S

s of PAHs with héavy metals during mqnsog}n, post-monsoon and pre-monsoon Seasoq

.

N

Monsoon Naph Acy " Acen Fiu ¢ Phen Anth Fla&' ‘Pyr ~- | BaA N Chry BbF BkF BaP DBA BgP :'IP ;II’AHS
cd 056 . 02 020 017 T 035 20.46 c:" 095 007 T 026 029 0.17 .28 -0.09 088 023° | 024 031
Cr 20.14 0.58 062 0.06 - 0.05 0.53 0.8 016> 010 017 Ton 0.55 -0.58 010 . 07 -0
Cu 0.22 ‘"h, 019 . 015 0.43 0.03 501 0.86 019 . 014 0.10 049 . 012 028 . -0.63 o017 ! 02 ?o.os
Fe 026 T 0415 036 021 1 006 016 1 079 0.23 006 0.02 030 4 0.3i .70 ‘006 T 04 ';,_o_oz
Mn 037 004 0.09 0.54 0.09 017 ;\ 0.88+ 0.06+ :3 0.02 0.02 0.49 .03 0.15 067 0.07 0.16 0,05
Ni o0 Tos: oss 014 O 005 - T s asi” oaL 0.15 0.24 0:14 0.58 -0.54 0.16 070 L7
Pb 075 1026 035 0.1t 061 20.70 0.86 035 -0.53 0.56 015 030 026 098 052 0.34 :-0457
Zn 039 018 00 0.56 _ -0.H 220 0.53 -o.9§ - 003 005 0.52 0.17 - <066 004 .03 .09

Post-monsoon Naph '-’Acy; Acen Flo " Phen A}lth L legn Pyr BaA Chry BbF BkF BaP DBA BgP : 1 4 ZPAH:
cd 000 06k~ 078 071 C 059 063 005 024 0.47 0.06 0.56 051 .13 0.60 030 . 019 .06
Cr 0.52 ':042‘ 031 am T oss 0.40 \ a1 020 036 0.07 038~ 086 o0ls 037 062 026 0.54
Cu 0.06 ?) 0.75.  -0.43 082 . 079 074 025 0.56+ 0.67 0.28 0.73 061 0.08 0.70 054 - 064,013
Fe 017 07z 069 08 0.74 0.72 011 036 061 0.07 0.66 2054 015 0.70 0.57 2058 0
Mn 0.16 007 026 068 . 018 0.03 -0.53 023 . 005, - 007 008 , -0.86 026 2005 0.15 024 01
Ni 044 7 047. 033 0994 0.59 0.4 002 7 028 041 0.01 0.44 £0.86 0.11 041 0.60 034 U046
Pb 03 040 oos . 02 0.40 S . 06 030 049 040 040 ' 058 . 088 2047 059 048 044
Zn 029 017 4030 .48 o o7 17 5 045 026 - 031 20.46 00 om 0.0 0B 039 0.66 -0.35

UOISSNISI(] pue S}NSay



Acy Acen

Phen Anth

Pre-monsoon Naph Flu Flao '\ Pyr gBaA . Chry BbF BkF DBAi BgP- 1P YPAHs
cd 081 013 010 075 0.08 0.36 -0.44 045 -oa1 | on2 089+ : 008 T 008 . 006 0.14 001 025
Cr 057 ost 04l 01 088 . 079 006 1 009 059 1 066 050 . 089 . 062 063 0.49, 0.65 0.65
Cu 068, 0.38 03 . 2025 0.70 0.73 o® 7 oo 049.1 0.5 0.6 072 054 7 0.6 049 0.49 0.57
Fe 0.67 0.56 028 016 06 © s 010 - o Toss 0.71 b1 0.84 o0 6. <. 0.70. 0.59 068 0.72
Mn 0.74 0.59 014 -0.30 0.94% 0.90* 023 025 o7 0.79 065 < 078 068« 07 051 081 0.81
Ni 0.49 057 042 001 092+ 079 0.1 0.14 062 < 069 0.41 094 . 065 069 052 - 07 066
Pb 051 003 084 0.61 019 ", 013 0.40 0.91+ o 19 1 .53 059 < on) 004 002 009 024
Zn 0.61 ~0.48 001 085 o o0 46 047 23 ‘ 023 073 035 03 ! 03 023 031 0.09
**Correlation is significant at 0.01 level (2-tailed)

£s

«

*Correlation is significant at 0.05 level (2-tailed)
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4.3 PAHs in Street Dust of Guwahati City

4.3.1 Summary Statistics of Street Dust PAHs

Results and Discussion

PAHs concentrations in street dust varied signiﬁcanﬂy.in monsoon to non-
monsoon (post-monsoon and pre-monsoon) season. All the samples exhibited an
increase in Y PAHs concentration during NoN-Mmonsoor Seasons. In gene;ral, ZP/}HS
concentrations in monsoon samples ranged from*'2248.8-l3§50ng/gm with ’niean
value of 8500.8+4608ng/gm, whereas they varief’d' from 1394.7-43789.0 ng/gm
during post-monsoon with mean value of 23294.7+15164 ng/g;n and during pre-
monsoon season the concentration ranged from 5153.5-28796.3 ng/gm with mlean
value of 14770.5£9900 ng/gm (Table 4.25). BaP concentration was ranged between
BDL-273.78ng/gm with maximum mean concentrétion 74.9+111.8ng/gm _observed
during pre-monsoon.

Table 4.25 Mean= standard deviation (SD) and riange of PAHs (ng/gm), 6rganic

Carbon  (OC) (%), Black Carbon (BC) (mg/gm) and heavy metals (pg/gm)

during monsoon, post-monsoon and pre-monsoon

i

Monsoon Post-monsoon Pre-monsoon

Mean Range Mean f‘{ange Mean ' Range
Naph 5409522953 BDL-7668.9 18200.7+11666  688.4-30581.8 3077 722008 8262-5333
Acy 22354312 BDL-583.2 63741219 BDL-2465.0 42.2439 0.8-105.0
Acen  44.1%12 BDL-55.5 48137 BDL-882 - 114.7£178 ‘BDL-380.5
Fla 15513 BDL-306 8.345 30-142 T o35325 T 094671
Phen  60.4£50 BDL-132.9 373.14372 {'6.953.3 1827.9+2540 212.8-61830
Anth  23.0438 BDL-79.9 37.4424 57635 - 63.1£101 _ BDL-2126
Flan 287.9+226 65.1-578.0 32274483 13.0-11722 1110.3£1925 28545153
Pyr 29.0+13 BDL-382 13314114 5.9-298.1 331.0+583 7.4-1365.7
BaA 2447242863 242857142 3 911.0+1093 '7’9;4-2770 ’ 3951.944006 © 140.1-9577.4
Chry  567.6£270 BDL-878.5 i 2552942716 1163-6199.6 3988.0+3656 1 312.5-8918.8
BbF 51 483 BDL-147.6 16.9£13 BDL-35.9 45.0451 { 1101191
BkF 3.440.0 BDL-3.4 13.9419 BDL-42.6 : 47.7445 " BDL-1015
BaP 29.3£35 BDL-542 29.0421 BDL-50.4 74.95112 10.9-273.8
DBA BDL ;2853 l;3DL-73.7 9.949 21-20.1
BgP BDL 370837 BDL-858 - 44,7567 4.1-161.0
ip 847.341380 BDL2906 107.6499 12.8261.9 61.249 9.5-127.1
TPAHs  8500.8+4608 2248813550 | 232947£15164 13947437890 - 14770549900 5153.5-28796
oc 04203 0.08-0.83 12409 0226 1.621 0426
BC 19321 17.99-20.11 25.544 19.7-29.0

22.1£3.6
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Cd 0000100
Cr 00120003
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4.3.2 Spatial and Seasonal Variation of PAHs

Apparent variation in Y PAHs mean levels was observed in street dust of different

landuse sites (Figure 4.13). The site wise variation in ) PAHs level was in the order of

industrial>commercial>institutional>residential>forest with mean concentration of

24,944.719+21036ng/gm,

17,312.102+4792ng/gm,
11,387.941+9057ng/gm and 8607.815+8086ng/gm respectively.

15,357.360£11217ng/gm,

Seasonal variation of street dust PAHs concentrations are illustrated in Figure

4.14. All the sites experienced a decrease in ) PAHs concentration during monsoon

season. Y PAHs concentration reached maximum level at all the sites during post-

monsoon season except at S5 during pre-monsoon.

50000 00—

40000 .00

30000 DO

& —
=

20000 00 ‘ I

10000 00 l |
0 0o J T L ) T

3] s2 s3 B4 85
Sample sites

Figure 4.13: Mean with standard deviation of ) PAHs concentrations (ng/gm) in

sampling sites (S1-S5).
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Figure 4.14: Y PAHs concentrations in street dust of Guwahati during monsoon,

post-monsoon and pre-monsoon.

The differential seasonal concentrations could be attributed to variation in
meteorological conditions and human activities during monsoon and non-monsoon
seasons, the effect of which could be directly observed in street dust. Heavy rainfall
along with clean wind during monsoon results into less accumulation of pollutants.
Moreover, degradation of PAHs gets enhanced under high temperature and strong
sunlight during monsoon. On the other hand, during post-monsoon and pre-monsoon
season both outdoor and indoor heating activities added more PAHs along with wind
carrying contaminants [234]. The favourable atmospheric condition with lower mixing
height might favour more atmospheric deposition of PAHs in street dust near to
source during pre-monsoon. Pereira Netto et al. [233] point out possibilities of
seasonal variation of Y PAHs and carcinogenic PAHs concentration as they observe
high Y PAHs and carcinogenic PAHs concentration with decrease of temperature in
street dust.
The maximum ) PAHs concentration at SI could be attributed to major industrial
activities. Site S5 with minimum ) PAHs level was due to its landuse type with
vegetation cover.

Individual PAH homologues concentration varied from BDL to 7669ng/gm in monsoon,

BDL to 30582ng/gm in post-monsoon and BDL to 9577ng/gm in pre-monsoon (Table

4.25). Prominent increase in the PAHs levels was observed during post-monsoon and

56



Results and Discussion

pre-monsoon season. However, PAHs distribution characteristics in all the three seasons
revealed uniformity with throughout dominance of LMWPAHs in street dust.

The present study indicated abundance of Naph, Chry, BaA, Flan and Pyr in
street dust samples. High percentage of naphthalene is mainly characteristic of exhaust
from several diesel engines [331]. These compounds emitted from incomplete
combustion adsorbed to particles suspended in air and deposited on soil and dust near
roadside [160]. Among HMWPAHs mainly IP, BaP and BgP found to have high

contribution to total PAHs.

4.3.3 PAHs Profiles

The composition profile of PAHs by ring number during three sampling seasons
is represented in Figure 4.15. During monsoon and post-monsoon season 2-ring PAHs
contributed more than 50%. Four-ring PAHs were found to be most dominated during
pre-monsoon in street dust samples. Thus, in general in Guwahati, PAHs profile was
found to be dominated by 2-ring PAHs during monsoon and post-monsoon, while by 4-
ring PAHs during pre-monsoon season.

This profile pattern was relevant to source and physicochemical characteristics of
PAHs. Similar to soil the ‘multi-hop” nature of LMWPAHs might have resulted into their
predominance during all three seasons in street dust also. Long continuous dry spell
during pre-monsoon period could have assisted local source influence, which could be

inferred from the prevalence of 4- ring PAHs during that period.
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Figure 4.15: Percentage composition of three-, four-, five- and six-ring PAHs during
(a) monsoon, (b) post-monsoon (c) pre-monsoon and (d) Guwahati (mean of five

sampling sites, S1-S5) in street dust.

4.3.4 Toxicity

Percentage distribution of CPAHs to other studied PAHs is represented in Figure
4.16. CPAHSs contribution in monsoon, post-monsoon and pre-monsoon was 39%, 16%
and 55% respectively. There was noticeable rise in carcinogenic PAHs percentage during
pre-monsoon season. Thus the maximum exposure risk was observed in pre-monsoon
season. It was also found that during monsoon CPAHs percentage was much higher than
that of post-monsoon despite of high precipitation. The overall CPAHs percentage load
in street dust of Guwahati was 33%.

Site-wise pie diagram of CPAHs to rest of the PAHs are illustrated in Figure 4.17.
CPAHSs contributions were found to be 40%, 37%, 17%, 18% and 83% at S1, S2, S3, S4
and S5 respectively. Despite of minimum PAHSs concentration high CPAHs contribution

was observed at forest site (S5) which is a major concern for the locality.
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Figure 4.16: Abundance of carcinogenic PAHs (CPAHs) in street dust during- (a)

monsoon, (b) post-monsoon and (¢) pre-monsoon.

Seasonal mean BaPq level for Y PAHs was 337+282ngBaPq/gm, 194.4+159ng
BaPq/gm and 541.7+550ngBaPqg/gm during monsoon, post-monsoon and pre-monsoon
season respectively (Table 4.26). Great rise in toxicity was observed during pre-monsoon
season. Meanwhile, individual PAH had a common contribution to total BaPq
concentration during all the three seasons. Thus street dust of Guwahati possesses high

exposure risk to people mainly during pre-monsoon season.
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Figure 4.17 Abundance of carcinogenic PAHs (CPAHSs) in street dust in all the

sampling sites and Guwahati (mean of five sampling sites, S1-S5).
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Table 4.26 'Mean BaPeq concentrations .(ng/gm) of 16 PAHs in street dust of

Guwahati during monsoon, post-monsoon and pre-monsoon

. Monsoon Post-monsoon f’re-monsoqn
Naph  5.4%3.0 16,510 3152 |
Acy 0.2+0.3 0.6x1 0.04+0.04 '
Acen  0.04+0.01 0.05£0.03 0.090.2
Flu  0.02:001 0.01:£0.04 0.030.02
Phen  0.140.] 0.4£0.4 1.843
Anth 02404 0.4+0.2 0.6+1
Flan  0.320.2 0.3x1 1142
Pyr . 0.03£0.01" 0.120.1°» 0.3%1.

BaA  244.7:286 91.1109 39524401
Chry 5743 25.5427 39.9+37
BbF  5.148 1.7+1 4.5£5
BbK  0.34+0.0 1.4+2 4.8+5
BaP  29.3%35 20+11 74.9+112
DBA 28.5431 9.9+9
BgP 0.4+0.4 0.4+1

P 84.7+138 10.8+10 6.1+5
TPAHs 3374282 194.4%159 541.74550

4.3.5 PAHs Ratios and Source !@entification}

" PAHs ratios in street dust.are shown in Table 4.27. The IP/(IP+BgP) ratio of 0.62
is a specified marker for wood burning [201]. Mean IP/(IP+BgP) ratio 0.74+0.3 during
post-monsoon _inglicatg:d diesel emission, as the major source of PAHs in street dust
while, the value of 0.67+0.2 during pre-monsoon specify wood combustion as primary
source. The ratio of Pyr/ BaP ~10 and ~1 represent diesel and gasoljné engine emission
respectively [215]. The ratio of Pyr/BaP in the present study was 3.04+4, 4.42+4 and
3.41%2 during MONsSoON, post-monsoon and pre-monsoon respectively indicating diesel
and gasoline engine combustion, wererthe mixed sources of PAHs emjs§ion.

In all three season Flan/(Flan+Pyr) ratio ranged was >0.5 indicgting pyrolytic
origin of PAHs in street dust of Guwahati. Phen/(Phen+Anth) ratio of >0.7 is designated
to fossil fuel combustion source [210]. The mean Phen/(Phen+Anth) ratio in Guwahati
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street dust was greater >0.7 during all the seasons inferred fossil fuel combustion as one
of the sources of PAHs.

Furthermore, BaA/Chry ratio can be employed to estimate distance of potential
sources. BaA is photodegraded faster during transporation than its isomer.Chry [332].
Thus, BaA/Chry can be used as a marker for degree of photodegradation and source
discrimination [142]. In the present study BaA/Chry ratio were found to ‘be 0.55+0.1,
0.52+0.4 and 0.89+0.4 durmg monsoon, post-monsoon and pre-monsoon season
respectively. The high value of BaA/Chry ratio during pre-monsoon clearly revealed that

sources of PAHs during that season were exoluswely local.

Table 4.27 Mean diagnostic ratios of PAHSs in street dust during three seasons in

Guwabhati city >

IP/(IP+BgP) Pyr/BaP  Flan/(Flan+Pyr) Phen/(Phen+Anth) BaA/Chry

Monsoon 0 92+0.1 3 044 0.8320.2 0.77%0.3 0.55+0.1
Post-monsoon  0.74+0.3 44243 +0.58+0.3 0.75+0.4 0.52+0 4
Pre-monsoon  0.67+0.2 3.1442 0.62+0.3 0.97+0.02 0.89+0.4

4.3.6 Source Apportionment
The four factors were identified using PCA accounting for about 83.9% of the
total variance along with their eigen values are depicted ‘in Table 4.28.' Factor 1,
explained 45.5% of total variance;, had'high loading of Phen, Anth, Pyr, BaA, Chry, BbF,
BkF, BaP, BgP. BbF in addition to BgP and igyr is an indication ‘6?diesel-eng}ne vehicle
[324]. However, Anth, Chry, BaA, BbF, BKF and BaP are regarded as specific marker for
coal combustion [208]. Moreover, Phen, Anth, Pyr, BaA and Chry are typical indicator
of wood combustion [208]. So, the 1% factor is selected as the combination of diesel
engine, coal and wood combustion. '
" Factor 2 explained 17.864% to the total variance had high loading with Acen, Flu
and Flan. Acen, Flu and Flan are ‘considered to be from vehicular combustion [325].

Thus the 2™ factor reflected as mobile emission source.
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Factor 3.had highi.loading: of Naph, BbF and IP: contributing 12.8% of' total variance.
These compounds are identified as typical tracer- for diesel powered: vehiclé [324]. This
factor is thus selected for diesel engine vehicle.

Factor 4 explamed 7.7 % of total varlance with high contribution from Acy, Chry

t i

and DBA. Acy, Chry 'and DBA are consndered as specifi c marker for automoblle exhaust
L LI

[333]. This factor is con51dered as trafﬁc source.

Table 4.28 Principal Component Aaalysis of PAHs in street dust of Guwahati city
(extraction method: Principal Component Analysis (Rotation method: Varimax

with Kaiser normalization), loading>0.5 are shown in bold)"

1 2 3 4
Naph -0.292 -0216 0.612 -0.105
Acy 0.049 -0.015 0333  0.636
Acen 0.000 0.965 0058 , 0.115
Flu 0.142 0.907 0.115 -0.067
Phen 0.989 0.025 0.025 0.034
Anth 0.910 0.029 -0.102 0.043
Flan ) 0.033 0.967 -0.125 -0.062
Pyr 0.981 -0.027 0.012 0.096
BaA 0715 "0.419 -0.072 -0.159
Chry 0.771 0.260 -0.063 0.519
BbF 0.478 0.055 0.791; < 0.054_
BkF 0.906 0.087 0.034 0.167
BaP 0.984 0.021 -0.011 0.025
DBA 0.202 0060 . -0.324 0.771
Bgp " 0.890 0010 0110 0382
P < .0.113 ' 0051 - 0885 '’ 0.042
Eigen Value . ., 7275 ,  2.858 2048 ;7 .. 1.245
%of Variance , | 45.467 17864 12799 7779
Commulative% ' 45467 63330 76129~ $3.908°

4. 3 7 Seasonal Association of Carbon with PAHs . R

. Range of OC, BC, BC/OC. in Guwahatl street dust samples were 0.08- 2 63%,
17.99-29 mg/gm and 1-22.8 respeetl'vely’(Table 4.29). For both QC (1.6+0.9 mg/gm) and
BC (25.5+4.0 mg/gm) maximum mean valye was emibited,QPriqg pre-monsoon season.
Correlation analysis was also performed to explore the relationship of PAHs with OC,
BC and BC/OC in street dust. Correlation coefficient of PAHs with OC, BC and BC/OC

for the entire study period are put up in Table 4.30. Significant correlation was observed
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for OC with- DBA only while, BC showed 'significant: correlation with Chry and DBA.

But no significant correlation was observed in case of BC/OC with any PAH.:

Table 4 29 Correlatlon matrlx of PAHs wnth organic carbon (OC), black carbon

{ r

(BC), BC/OC and heavy metéls in street dust in Guwahatl

fed RIS o

Naph Acy Acen Flu  Phen Anth Flan Pyr BaA Chy BbF BkF BaP DBA BgP [P YPAHs
cd - " 02 hos o3t Ta2-tvool 00 03 vlon- w04 c03- 00 d3- ;4 02 00 02 42
TEE T 01 2000 Sl de . 0IN03 S 047 700, 703 035 P03 00007 03 1 03 %02 03 0. 00
Cu 0.1 0.0 0.3 02{' .03 . -03 :: 01 03" 702; 0.6+, 02,.°.04. ' 03", 0:8% - 0.6% 0l1.s 02
Fe ©01 00 02 01 03 04 00 03 02 01 01 02 03 00 02 D1 00
Mn 0.0 9% 01 01 02 04 1 03 02 04 01 04 02 Ol 03 01 ol
Ni ©2 02 2 00 02 04 , 04 02 02 02, 01 63 02 02 03 03 01
Pb 01 02 00 02 02 L1 01 601+ -0) 00%0 00 02 01 07% 02 02 -0.I
Zn -0.1 -0.1 0.1 -0.1 0.3 \"0.‘2 “’ -0.1 ;0.2 : 0.2 “0.; ' 0.0 0.4 0.2 0.5* 0.4 0.2 0.1
oc 02 00 02 03 01 00 " 03 01 !. 02 03 (. 00 02 01 o5 03 iu' 0.2
BN - ‘ 1 .. .
BC 03 0.1 04 02 03 01, 04 02; 02 06, 02 04, 02 05 04 -02 04
BC/OC 0.1 02 0 0.1 02 02 o1 027 01 02 03 024 02 02 93 01 00

**Correlation is significant at 0.01 level (2- ta:led) .

I ) ¢ B¢ :

*Correlation is significant at 0.05 level (2-tailed)t ‘ ‘

o

Correlation was also comphied on seasonal basis (Table /4.30). Good positive
correlation was observed for PAH with OC during monsoon (Naph; Acy, Phen, BbF, IP
and > PAHSs) and post-monsoon (Acen, BaP, DBA, BgP and IP) season whlle the
relationship was significantly negatlve durmg pre- monsoon season (Naph Acen, Flu,
Flan, BaA, IP and } PAHs). - = : - C -

Considering BC, no significant relationship was revealed during monsoon and
pre-monsoon. However, street dust’'samples in' post-ménsooh ‘showed good positive
correlation with BC (Acen ’ Pnen ‘Pyr, BaA, ‘Chty, BKF, BaP, DBA and BgP). However,
street dust PAHs’ (Naph Acen, Flu, Flan and ZPAHS) recorded strong sngmﬁcant

I

correlations w1th BC/OC only durmg pre—monsoon

«
v oL 3 1 . . » o ; .
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Table 4.30 Correlation matrix of PAHs with organic carbon (OC), black carbon (BC), BC/OC and heavy metals in street dust of Guwahati

during monsoon, post-monsoon and pre-monsoon

Monsoon Naph Acy Acen Fhlu Phen Anth  Flan Pyr  BaA  Chry BbF BkF BaP DBA  BgP IP > PAHs

cd 01 09 04 05 07 00 02 01 -03 0l 09* 02 01 02 -02 0.9% 03

Cr 07 01 04 00 04 00 03 06 03 06 01 -09* 04 05 -0.5 0.1 07

Cu 04 09 05 07 08 01 -05 06 -08 06 09 01 05 -02 -02 0.8 02

Fe 05 -01 07 o1 02 03 01 05 03 06 -01 08 04 -08 -08 02 04

Mn 04 01 07 08 -03 10 -04 03 -03 02 -02 02 02 -09 -09 02 -06

Ni 06 04 04 05 06 03 -01 02 -01 03 04 08 06 -08 -08 03 05

Pb 06 05 00 .1 07 04 06 06 04 05 06 -09* 00 -03 -03 0.5 09

Zn L0707 02 00 08 -05 04 04 02 02 07 09 01 -01 01 0.7  09*

oc’ 077 07 of 01 08 03 04 -04 02 03 07 -09* 01 -03 <03 0.7 09

BC 02 02 07 00 02 03 06 07 07 09 02 06 04 06 -06 02 02

BC/OC 02 05 <02 01 - 04- 00— <06 - 06- -04-—07 05 ~08 3 05 05 05 05

Post- . )

monsoon  Naph Acy Acen Flu  Phen Anth Flan Pyr BaA Chry BbF BKF  BaP DBA BgP IP  YPAHs

Cd 06 05" 04 06 09 07 02 09" 09 09 09 10 09 01 03 04 09

Cr 01 01 03 04 O0I 08 01 03 03 02 01 01 04 03 02 04 02

Cu -0.4 '0:’(_) 1.0 03 03 02 -0.1 04 02 '9.6 00 01 06 10 09 04 -0 -
Fe 03 02 -09* 04 05 00 02 05 04 -08 03 03 07 08 -10* 03 0.1 o
Mn 07 10 01 §7 09 05 01 08 10% 07 1o 10 07 01 02 0.1 L0 =
Ni 02 03 05 04 03 09 00 05 04 05 01 04 06 04 04 0.5 04 o
Pb 06 -04 08 06 -1 o0 02 00 -02 03 04 03 03 09 08 05 -04 =
Zn 06 04 07 03 -1 03 0! 01 02 02 05 03 03 08 06 03 -04 =)
oc 02 01 08 04 01 04 04 01 00 04 01 01 05 08 08 07 0.1 a
BC 03 04 09* 02 07 02 03 08 06 09 04 05 09 09 09* 00 02 §
BC/OC  -04 02 04 04 00 05 09 01 00 02 -01 01 03 02 -04 1.0+ 03 g'
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Pre- - S ' T ) ' YPAHs
monsoon  Naph IAcy Acen Flu Phen Anth  Flan Pyr  BaA Chry BbF BkF BaP DBA BgP P ‘

Cd 03 01 04 02 00 01 03 01 01 03 04 04 01 06 00 02 03
cr 0.1 03 -0 02 06 05 0.0 05 05 06 01 06 05 05 0.5 05 0.0
Cu o1 05 01 02 05 04 02 03 05 08 -1 07 03 08 04 0.7 02

Fe 01 04 00 0.1 b:7 0.7 0.0 07 06 06 0.1 0.6 0.7 04 07 06 0.0
Mn 00 08 0.1 0.1 0.9* 190* 0.l 09% 09* G9* 05 0.9 09* 07  0.9* 09* 0.1

Ni 02 04 02 02 06 05 01 05 04 06 02 07 04 06 05 05 0.1
Pb 01 00 ©1 01 00 01 -01 -1 00 03 06 03 02 05 00 02 -0.1
Zn 02 03 03 02 04 02 02 02 02 06 03 06 02 07 03 0.5 02
ocC 07 03 08 -09* -02 -03 -08 02 07- -04 04 01 03 00 03 --05 08 -
BC 03 03 02 01 02 02 02 -2 00 01 -08 00 03 01 02 01 03"
BC/OC - 10 0.1 10* 10** 0.1 -00  1.0** —-01-- 04 -02 — -02- --0.1  D1- 02 —-0.1 - 03 - 1o**

99

**Correlation is significant at 0.01 level (2-tailed)

*Correlation is significant at 0.05 level (2-tailed)
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Results and Discussion

To better understand the effect of BC on street dust PAHs dispersions,
dependencies of log PAHs on BC/OC ratios were examined (Figure 4.18). Negative slopes
were obtained for monsoon and post-monsoon period when log) HMWPAHS,
log) LMWPAHs and log) PAHs were regressed over BC/OCs with coefficient of
determination r*=0.43, r’=0.04 and ’=0.28 during monsoon and r*=0.002, r*=0.12 and
r’=0.08 during post-monsoon respectively. However, a positive slope with high coefficient
of determination r’=0.23, ’=0.98 and r’=0.99 for logY HMWPAHs, logy LMWPAHSs and
logd PAHs respectively was found during pre-monsoon beriod (Figure 4.18 c). In case of
OC, logy HMWPAHS, log) LMWPAHSs and log} PAHs showed positive slope with co-
efficient of determination r*=0.29, r*=0.48 and r’=0.72 respectively during monsoon
(Figure 4.19). While negative slope was observed during pre-monsoon with co-efficient of
determination r*=0.41, r=0.58 and r*=0.52 for logy HMWPAHSs, logy LMWPAHs and
log) PAHs respectively. < 28

This relationship of PAHs with carbon in street dust was found to be almost
similar to that of soil. The possible reason for such association is already well explained in
‘soil’ section. J |

Thus in street dust of Guwahat1 PAHs dlss1pat10n is controlled by both BC and
OC. This relatlonshlp also mdl(;ated that the PAHs were mostly from combustion derived
i.e. anthropogenic activities. However more detailed study is required to make some

definite conclus1on regardmg PAH-BC relationship.

(I) o ©

! fa 0 R2=02019 : R1=00847 ::' ::;’133
16000 RI=0036 50000 R=012) =
To0000 R-02301
R:=04313 o B=000 ‘
v |, | 180000
“ ! LA 40000 160000
11000

Sy 35900 ) 140000

30000

3
8000 |~

120000

PAlb 1o strest dux
8
PAlL instrest dust

+PAlL Insiresi dust

50000
ha

6000 a

15000 | O 60000
1000
oo | o 40000
2000 so00 [ ¢+ o 20000
0, olo_eo 0
o 0 s 10 15 o0 §
BCOC

Fig.4.18: Relationships of HMWPAHSs (¢ ), LMWPAHSs (1) and ZPAHs ( A) with

BC/OC during-(a) monsoon, (b) post-monsoon and (c) pre-monsoon season.
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Fig.4.19 Relationships of HMWPAHs ( 4), LMWPAHs (-00) and ZPAHs (&) with OC

during- (a) monsoon, (b) post-monsoon and (c) pre-monsoon season.

438 i{eavy metals in Street Dust

Seasona] mean and range of heavy metals Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn were
shown in Table 425 The mean value of Cd, Cr Cu Fe Mn N1 Pb and Zn durmg
monsoon were 0.0001:x0. Opg/gm, 0. OI:tO 003ug/gm 0 OliO 002ug/gm 10.843.1 ug/gm,
0 3i0 15ug/gm 0.010. 001lpg/gm, 0. OH:O 004ug/gm and 0.03£0. Ong/gm respectlvely,
during  post-monsoon  values were  0.0002+£0.000pg/gm,  0.01+0.0030pg/gm,
0.01+0.010pg/gm, 11.9+1pg/gm, 0.4+£0.30ug/gm, 0.005+0.001pg/gm, 0.01+£0.01pg/gm
and 0.03£0.01pg/gm respectively and ouring pre-monsoon the values were
0.00d]i0.000Iug/gm, 0.01£0.004pg/gm,  0.006£0.004pg/gm,  10.06+3.4pg/gm,
0.2+0.1ug/gm, 0.01+0.002pg/gm, 0.003+0.001ug/gm and 0.03+0.02ug/gm respectively. -

Combinations of many source identification methods are often considered as mo;e
efficient than one single method to increase resolution of dataset Masclet et al. [334],
Dickhut et al. [322]. Therefore, in addition to diagnostic ratio and PCA correlation study
of street dust PAHs with heavy metals like Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn was also
employed (Table 4.30). The overall correlation of PAHs with heavy metal did not revealed
very significant relationship. Only Acy with Cd; Chry, DBA and BgP with Cu; Acy with
Mn DBA: with Pb and Zn was observed. However, seasonality was observed in-the.
association.of heavy metals with PAHs (Table 4.31).- Cd showed significant association’

with various PAHs during monsoon and post-monsoon season. Cu showed significant
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relationship with individual PAHs during post-monsoon. Moreover, very strong
correlation was observed for Mn with PAHs during pre-monsoon season.

Cd and Pb are found to be emitted from Gasoline vehicle [335].Fuel oil and coal
combustion used to release heavy metals such as Cd, Cr, Cu, Mn, Ni and Zn [336, 337].
Thus, estimation of the heavy metals and their relationship with PAHs further confirmed

the diesel, wood and coal combustion as the sources of street dust PAHs in Guwahati.

4.4  PAHs in River Water of Guwahati City
4.4.1 Summary Statistics of River Water PAHs

Concentration of PAHs with their mean and range Values are'shown in Table 4.31.
The concentration of total detected PAHs in Bharalu'River ranged from 3.351-72.893
ng/ml with mean value of 29.8+22. The BaP concentrations were found to be between
BDL and 2.608 ng/ml with mean’of 0.4+1. '

[}

Table 4).31 Mean concentrations (pg/ml) with range of individual PAHs, 3 PAHs and

their mean BaPeq concentration in Bharalu River

Compound Mean (Range) BaPeq mean
iNaph , 202 L 00020 002
(BDL-6 6)
Acy TOT1242 ’ 00010 002
(BDL-72) Lo
Acen 0 5+l 0 00040 001
’ (BDL-1 8)
Flu 11 . » 00010 001
(BDL-39)
Phen 8 04 0 00840 004
(BDL-137) )
Anth 11£2 0011002
(BDL-4 9)
Flan 192 000240 002
(BDL-5 6)
Pyr 7 1£7 % 00070 0}
(BDL-16 9)
BaA 040! 00361002
(BDL 12)
Chry 3242 003220 02
(BDL-8 3)
BbF 8 3£15 0827x2
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o (BDL-44.5) L A o
'BKF 2845 028341
@DLide) " Tt
BaP 0481 - L 03T L
(BDL-2.6) ,
DBA © ey T T iomay
e @DLTIY v e e
BgP 0.110.1 0.00060.001
' " @DLoy) e o
ip 5910 059141
(BDL-23.9)
TPAHs 29.8422 227443
(3.4-72.9)

4.4.2  Seasonal and Spatial Vanatlon of PAHs.. .

Site wise 3 PAHSs is shown in Table 4.32 and illustrated in F:gure 4.20 and 4.21 for
post-monsoon and .pre-monsoon season;ospyec)twely. On spatial basis, the ;maximum
concentration was observed at RS during pre-monsoon season. The river, channel receiv;:s
input from the catchment of the industrial belt of the city at this site where the refinery and
many industries are located The industrial area around the refinery hosts few coke
industries also which would have’ déposited large volumes of PAHs that are drained to the
Bharalu River. The minimum concentration was found at site R7 during post -monsoon
season.

Almost all the sites showed an increase in YPAHs —concentrgtions with hAigli
standard deviation during pre-monsoon compared to post-monsoon periods. Such results
can be attributed to difference in the discharge regime of the river between the seasons.
High runoff together prevailing atmospheric condition might have triggered PAHs
dissipation and decomposition that in turn resulted into lower PAHs levels during post-
monsoon [338]. On the other hand, atmospheric conditions like higher emission rates from
various sources, lower inversion height, and lower intensity of sunshine (yith less efficient
photochemical decomposition might favour more atmosbheric deposition of PAHs during

pre-monsoon time [339].
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Table 4.32 Concentrations (ng/ml) of 16 PAHs and their

Bharalu during post-monsoon and pre-monsoon season

sums in water of river

Naph Acy Acen  Flu Phen Anth  Flan Pyr BaA Chry  BbF BkF BaP DBA  BgP P YPAHs
Post
monsoon
RI 09s 029 BDL 006 156 008 124 1694 BDL S 32 066 005 004 BDL BDL 044 276
R2 6 S5 005 0138 010 289 082 042 BDL 002 1 96 113 BDL 002 BDI BDL BDL 143
R3 564 BDL BDI 260 BDL BDL. 057 BDL 000 211 44 46 1457 BDL BDi BDL BDL 680
R4 036 BDL BDL BD1 BDL 487 022 BDL 029 341 013 001 00} 002 BDL BDL 93
RS 477 BDL 041 003 1054 143 203 118 BDL 549 BDL BDL 007 BDI 002 BDL 260
R6 240 008 BDL BDL BDI 002 135 BDL BDI BDI 108 005 007 BDL 013 045 56
R7 187 090 BDL 0133 BDL BDL BDI BDL BDL BDL 025 BDL BDL BDL BDi BDL 314
Pre
™Monsoon
R1 BDL BDL 025 106 1373 BDL 261 BDL 007 289 109 003 047 BDL BDI 015 223
R2 041 005 033 091 979 012 410 BDI 009 262 29 110 026 BDL BDL BDL 27
R3 007 109 031 16 831 104 126 030 114 190 1078 123 019 767 003 463 413
R4 218 613 008 017 9 65 006 249 BDL P21 195 229 006 014 049 BDL 23838 448
RS 039 719 182 394 1124 019 054 BDL BDL 192 39 82 260 261 067 BDIL BDL 729
R6 BDL 098 031 BDL 234 202 556 1005 062 834 157 1112 020 067 BDL BDL 438
R7 009 BDL 010 04 10 41 BDL 203 BDL 017 096 133 0730 020 BDL BDL BDL 1573
80
60

2

E 40

.
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Figure 4.20: YPAHs (+SD) of Bharalu River water at seven sites during post-

monsoon.
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Figure 4.21: YPAHs (+SD) of Bharalu River water at seven sites during pre-

monsoon.

4.4.3 PAHSs profiles

PAHs profile was dominated mainly by 2, 3, and 4-ring PAHs during post-
monsoon season (Figure 4.22). In samples during pre-monsoon predominance of 3-5 ring
PAHs prevails in almost all the sites. Prominent meteorological condition and differential
behaviour of PAH with different molecular weight could be the possible reason for such
PAHs profile in river water. Dominance of 5-ring PAHs at site R3 during post-monsoon
and 6-ring PAHs at site RS during pre-monsoon was also observed.

Presence of 2-ring PAHs during post-monsoon time and its drastic decrease during
pre-monsoon time directly indicated their high solubility in water. However, the
prevalence of HMWPAHs in water despite of their low solubility could be due to

continuous discharge of waste material into the river.

(a) H (b)
100° g T — | 100% '
60° 8 & i | 600 EEE ’m§
4000 - B8 I I 1} 40 g 5 ™ 51ing
000 I | 2000 - ® 4-1ing
0%0 - i }’ 0% = ‘ M 3ing
| Rl R2 R3 R4 RS R6 R- | Rl R2 R3 R4 RS R6 R7 [0 yng

Figure 4.22: Percentage composition of three-, four-, five- and six-ring PAHs at seven
sampling sites in Bharalu River water during (a) post-monsoon and (b) pre-monsoon

S€asons.
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4.4.4 Toxicity

Percentage of CPAHSs to rest of the PAHs was almost same in both the sampling
seasons with contribution of 53% and 54% during post-monsoon and during pre-monsoon
season respectively (Figure 4.23). Individually, concentration of seasonal mean of
individual PAH were found to be in the order - Naph>BbF>Chry>Phen>Pyr>Anth and
Phen>>BbF>[P>Flan>Chry during post- and pre-monsoon seasons respectively. High
abundance of Naph and Phen could be due to their high solubility in water (Appendix A).

The similar contribution of CPAHs during both the sampling seasons showed a
continuous input of carcinogenic PAHs from same type of sources in water. This is a

matter of concern for the river system.

BaPq concentration of Y PAHs ranged from 0.03-9.89ngBaPq/ml (Table 4.33).
Mean BaPeq concentration of Y PAHs was found to be maximum during pre-monsoon
season (3.6+4ngBaPg/ml) and minimum during post-monsoon season (1.0+2ngBaPg/ml).
The maximum concentration was observed at site R3 during pre-monsoon and minimum
at R7 during post-monsoon season. Thus the risk is comparatively high during pre-
monsoon period. There is no regulation of PAHs concentrations in aquatic environment so

far in India. More so in the Northeast India no systematic PAHSs study is taken up so far.

@) ®)

1°0

panse” OB 42% |
I S | I
Figur 4.23: Abundance of carcinogenic PAHs (CPAHSs) in Bharalu River during- (a)

Flu Phen Anth
~0 132, 1%0
Acen y Flu Flan
1%0 -9 0 Q%
Acy ' l 3% v
50, Acen BN Pyr
) 1%0 e 1 1%
N«’-Iph Acy 2 .
17%% 3% T \_ng l
Naph iR 0%0
CPAHs /

post-monsoon and (b) pre-monsoon season.
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Table 4.33 BaPeq concentrations of Y PAHs (ng/ml) with their seasonal mean in
Bharalu River Water

YPAHs
PoM
(Total BaPeq)

Rl 0.23
R2 0.17
R3 5.93
R4 0.15
RS 0.15
R6 0.24
R7 0.03

1.0+2
PrM
Rl 0.64
R2 0.71
R3 9.89
R4 3.40
RS 7.56
R6 2.32
R7 0.40
Mean : 3.6x4

4.4.5 Ecosystem Risk

It is fully established that PAHs in aquatic environment can cause potential risk for
aquatic ecosystems. For this ecosystem risk assessment has been considered to be a useful
tool in order to characterise the risk of PAHs to surrounding organisms and ecosystems
[340]. Kalf et al. [341] assess the ecosystem risk of 10 PAHs by using risk quotient (RQ).
However, Cao et al. 2010 upgraded the method by introducing the toxic equivalency
factors for all the USEPA listed 16 priority PAHs which was verified as more authentic
and scientific [342]. This improved method was adopted to assess the ecosystem risk of

PAHs in water and sediment of Bharalu River system.

Risk quotients (RQ) value indicated the levels of risk posed by certain PAHs

which were calculated using following equation:

RQ=Cpaus/Cqv
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Where Cpans is the concentration of certain PAHs in the medium, Coy was the
corresponding quality values of certain PAHs in the same medium [341). In place of
quality values the negligible concentration (NCs) and the maximum permissible
concentrations (MPCs) in the medium as recommended by Kalf et al. [341] were used in

the present study. The RQncs and RQupcs were represented as follows:
RQncs = Crans / Cavnes)
RQumecs = Cpans / Covimpes)

Where Cgvnes) was the quality values of the NCs of PAHs in the medium and
Cqvimecs) was the quality values of the MPCs of PAHs in the same medium. The RQypans,

RQspansines) and RQypansivpcs) are defined as follows:
RQyrans=2RQi (RQix1)

RQspansnes=2RQipnes) (RQines>1)
RQgpansmees =R Qigvpes) (RQigvpes> 1)

To calculate RQXPAHs(NCs) and RQZPAHs(MPCs) of ZPAHS. RQ(NCS) and RQ(MPCS) of
individual PAHs which were not less than 1 were only considered. This method thus

provides an approach to fully consider the ecosystem risk of individual PAHs.

The mean concentrations of RQcs) and RQumpcs) in Bharalu River water during
post-monsoon and pre-monsoon season were listed in Table 4.34. Basically, RQncs) < 1.0
indicated individual PAH might be of little concern. whereas RQwpcs) > lexpressed that
individual PAHs with much severe load of contamination and necessary remedial action
and control measures must be launched. In case of RQcs) >1.0 and RQqvpecs) <1.0 was an
indication of intermediate level of contamination of individual PAH and some control

measures need be undertaken in such situation.
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Figure 4.24: Mean RQncs and Mean RQypc, values of individual PAHs in water of
Bharalu River during post-monsoon and pre-monsoon season.

Individually, RQwmpcs) value of all the individual PAHs were >1.0 during both
post-monsoon and pre-monsoon season except for Naph during pre-monsoon indicating
severe toxicity to aquatic organisms by the 16PAHs. RQuvpcs) value of 16 individual PAH
were also found to be > 1.0 showing high ecosystem risk. High coefficient of variation
(CV) for RQupcs) and RQumpcs) values of some of the individual PAHs indicated variation

in ecosystem risk for those PAHs in different sampling sites.
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Figure 4.24 illustrated that 4 and 5-ring PAHs mainly BbF, Pyr and BkF
contributed to the main ecosystem risk burden. The ecosystem risk was observed to be
higher during pre-monsoon than that of post-monsoon. Higher ecosystem risk was
observed by IP during pre-monsoon than that of post-monsoon season. Among the
LMWPAHSs higher con&ibution of Acy and i’heﬁ was observed which could probably be
due to their high water solubility. .

RQqvrcs) of > PAHSs in water of Bharalu River was >1 during both post-monsoon
and pre-monsoon seasons. Value RQucs) of Y PAHs was also >800 during both poét-
monsoon and pre-monsoon. This indicated higl; ecosystem risk of Bharalu River water
during both the season. Moreover, very high percentage of coefficient of variation (CV)
for YPAHSs during both the sampling season also revealed great variation of ecosystem
risk during both the seasons. From. the Figure 4.25 it was also observed that RQspansmcs)
and RQypansmpcs) \"alu<es were very high at site R3 during post-monsoon éeason whereas
during pre-monsoon high value was detected at site RS. Site R3 being a commercial area
and traffic site could probably attribute to such high RQ value. River channel at site RS
receives input from catchment of the industrial belt of the city where Guwahati refinery
and many other industries located there. On the whole, the results marked that PAHs in
water of Bharalu i{iver resulted in severe ecosystem risk. Therefore, some cont;ol
measures and remedial actions may be undertaken to protect the ecosystem of the Bharalu

River and, surroundings.
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Table 4.34 RQ(ncs) and RQqmpcs) values of PAHs (ng/gm) with® their risk classification during post-monsoon and pre-monscon in

Bharalu River water

Post-monsoon (NCs)

Post-monsoon (MPCs)

Pre-monsoon (NCs) -

Post-monsoon (MPCs)

Range Mean CV(%) Range Mean  CV(%) g;zsals(siﬁcation Range Mgan CV(%) Range Mean CV(%‘) E;Z:siﬁcation

Naph  30.2-5462 2445 149 0.3-5.5 28 6131 Higherisk BDL-IS‘i,S 52.3 1406  BDL:18 0.5 1406 ti'dsidemlc .
Acy BDL-1284.3 471.1 1194  BDL-12.8 47 194" High-risk BDL-10277.1 - 26954 15._9‘.2 ;~BDL-1024‘8' - 270 1592 High-risk
Acen  BDL-583.4 564.1 48 BDL-5.8 56 48 ﬁigh-risk 114.92606.3 . 6563 1329 11261 ) 66 _;132,9»' High-risk
Flu BDL-3707. 820 1774  BDL37I 89 1774 Highrisk ' BDL-SS786 17498 1131  BDL.SSS 175 131 Highoisk
Phen  BDL-3514.7 1665.2 97.1 BDL-35.1 16.7 97.1 High-risk 779:3—45;7.3 C 31176 377 7.8-458 31.2 ~37.7 High-risk
Anth BDL-6951.4 2062.3 138.5 BDL-70 20.6 1385 H_igh-risk‘ BDL-28§8.6 980.0 |2.3.‘4 _BDL-28.9 9.8 ) 123.4 High-risk
Flan BDL-676.7 3232 71.0 BDL-6.8 32 710 - High-risk 180.7-18:53.3 A 885?6 64:0 -~].8-.18‘:5 8.9 ~64.0 F‘{igh-ri_sk
i BDL-24201.4 129436 1230 BDL-242 1294 1230 V High-risk BDL-143514 T 7392.1 13‘;.1 - BDL-143.5 73.9 :133.! H.igh-ris.k
BaA BDL-2920 1047.0 155.1 BDL-29.2 10.5 155.1 High-rislé BDL-12070 _‘ 54833 95.2 ‘. ABDL‘QIZO.TK 54.8 95.2 . High-risk
Chry BDL-1613.8 10750 463 BDL-16.1 108 463 High-risk 282.1-2452.4 - 864.7 83.6 28245 86 . 836.: Hfgh-ri§l‘c
BbF BDL-444600 795200 2250 BDL-4446 7952 2250 High-rjsl; I0§50-39§220 . 85394.3 166r3 " 108.5-3982:2 8539 . 166,3.} Hwigh-risl;
BKF BDL-36435 91749 1981  BDL-3644 1223 1714 ;l§gh-risk 80277925 58’;9.0 <1691 N BDL;27749_ 58,7 -‘?\69,1: High-risk
BaP BDL-146 83.6 669  BDL-15 10 474,  Highrisk 272-5216, 1216.6 1462 2.7-522 12.2- 462 ~ High-risk
DBA ‘ BDL-36 36.0 BDL ) High-ri\s}( h BDL-15(34'18 47415 " . 1489 " BDL-1535 47.:5 -148.9 High-“Sk
BgP BDL-446.7 260.0 101.5 BDL-45 2.6 : 101‘5' ]-;igh-rli.;k ‘ BDL-103.3 10;}.3 - BDL-1 1.0 - H.igh—risk
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Figure 4.25: RQncs and RQwmpcs of Y PAHSs in water of Bharalu River during post-
monsoon and pre-monsoon season.

4.4.6 PAHSs Ratios and Source Identification

PAHs ratios are shown in Table 4.35. Mean IP/(IP+BgP) during post-monsoon
and pre-monsoon period were found to be 0.664+0.27 and 0.692+0.1 respectively, which
indicated that diesel exhaust emission could be @an important séurce of PAHs in Bharalu
water. The ratio Flu/(Flu+Pyr) >0.5 has been''inférred to indicate diesel engine emission
of PAHs [204-207]. In water samples the average ratios were found to be 0.664+0.4 and

0.813+0.4 during post-monsoon and pre-monsoon respectively. This further confirmed
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that there could have been input of diesel exhaust emitted matter into Bharalu River

water.

In the present study, during pre-monsoon and post-monsoon Anth/(Anth+Phen)
and Flan/(Flan+Pyr) ratio ranged from 0.088+0.2 to 0.372+0.3 and 0.796+0.3 to
0.877+0.2 respectively indicating mixefi petrogenic and pyrogenic origins of PAHs.
Similarly, Naph/Phen ratio was found to be << 1 during pre-monsoon time, which also
indicated petrogenic origin of PAHs during that period [211].

Phen/(Phent+Anth) of 0.76 is considered as specific marker for coal combustion
[322]. Phen/(Phen+Anth) ratios of 0.628+0.311 and 0.912+0.17 found during post-
monsoon and pre-monsoon respectively indicated coal combustion as one of the sources
of PAHs in water.

C*PAHs/TPAHs of Bharalu water was found to be 0.465+0.3 and 0.487+0.2
during post-monsoon and pre-monsoon periods respectively. This would mean that there
is considerable input of PAHs from combustion sources with some moderate input from
petrogenic sources also. PAHs of combustion origin would have met the Bharalu River
through atmospheric deposition )directly to the water body or carried by storm water from
the land and streets that were deposited there. The petrogenic PAHs could be a result of
direct release of effluents or those carried by ‘stormwater from fuel stations, vehicle
workshops and storage tanks besides the inputs from the refinery. Biomass burning is
traditionally practiced for agricultural cleélring and for household ener'g‘y in Northeast

India.

Table 4.35 Mean diagnostic ratios of PAHs in water Bharalu River

Post-monsoon  Pre-monsoon

water water,
IP/(IP+BgP) 0.664+0.2 0.692+0.1
Flw/(Flu+Pyr). - -0.664£0.4 0381304
Phen/(Phen+Anth) 0.628+0.3 0.912+0.2
Naph/Phen 42.153+53.4 - 0.058+0.1
Anth/(Anth+Phen) 0.372+03 .  0.088+0.2 -
Flan/(Flan+Pyr)  0.796+0.3 0.8770.2
C*PAHs/TPAHs  0.465+0.3 0.487+0.2

Note: C*PAHs=Flu+Pyr+BaA+Chry+BbF+BkF+BaP+[P+BgP
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4.4.7 Source Apportionment

The six factors ]of PCA accounung for 84 6 % of the total vanance along with
PR A LA AR VN LTSt Y AL T TR AT A0 IR

their Elgen values are deplctcd in Table 4.36. Factor 1, explamed 287 % of total
a2tptin 7 lutlns weneded ) e il nnaigned QoMY o dtan o RIS ARy

variance, had high loading of Acy, Acen, Flu, Phen, BbF and BaP. BbF in 1s an

T dtianaea o }iltc\“q?,“] RELE TS FEUUIICT SRS P R

indication of diesel-engine vehicle [208, 323). Moreover, higher loadmg of Acy, Acen, .
Flu, Phen and BaP are marker of vehicular emission [208, 325, 329]. So, first factor can
be attributed to Diesel powered vehlcles or. mobile.sources (trafﬁc) source Factor 2
explained 16.1% to the total variance had hlgh load of Flan, Pyr‘and Chry., Masclet et al.

[334] found diesel exhaust enriched with Flan, Pyr'a'nd Chry. Thereforé, this factor is
assigned for diesel ermssxon Factor 3 had high loadmg of BaA DBA 'and TP with
moderate loading of Phen and Flan contrl;l;ung 14.812% variance. BaA,,Phen Flan and
IP are considered as marker for coal combustion [208;279]. While DBA and IP are also
indicator of vehlcularlenﬁsswn mamly gasolme engme exhaust [208 329] Thus factor 3
is a mixer of coal and yehxcular,combustlhon. Factor ,4 havmg 10.03% variance, showed
high contribution of Flu, BbF and BkF and moderate loading of Naph, Pyr and Chry

This factor is also consl'dered for vehlcular exhaust Factor 5 showed 8.1% of total
variance with high weightage of P,hen, El_an, and IP. Phen and Flan 1s‘ma;ker of wood
combustion [208, 279].'IP is an' indicator of vehiculdr emission. Thus th'is factor is ‘a
mixer of wood and vehlcular combustlon Factor 6 with 6.2% vanancc deplcted hlgh

[REaRY] R A [ATAR RO

loading of Naph, Phen,: Chry and IP.; This factor is also considered for vehxcular traffic. , |

PCA Factor ,soores -1-6 corresponding diesel_powered vehicle, diesel exhaust,
gasoline + coal combustion, vehicular or mobile source, wood and vehicular emission
and vehicular traffic respectively, were taken as independent variable and z-score values
of sum PAH (3JPAH,) as dependent variable. In order-ofy their individual, simple.

correlation!from-highest. to lowest,-edch,independent wvariable was: added.into stepwise

regression..The resulting equation 8 wasiobtained as —i 27 ¢ "¢ to - T Ly
Gt e 2 =10.577FS1 "+ 0.111FS2-+440.289ES3:4 10.636FS4  + 0.174FS5 + .1} *

0.286FS61L:t, "M "] cuoai vnt e Lt st et 0 vl o e
Negp (e8] b fom APCH0F 2 mpn 0020 72 of o) Lana e (2 =0.946) —
eq8: - r-rerp e T o D aassroa e st a0 o

‘lv 11 Thus 1the ' mean<contributions .were :found torbe-27.834%, '5.355%, 13.941%,
30.68%; 8:394%:nand. 113796 % ifor.factors 1. to. 6 respectively.!So, -vehicular emission

“

dominated the source of PAHs in Bharaluiwatér... ..o yiulade ww et v uon ™S o L
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Table 4 36 Prlncipal Component Analysis of PAHs in Bharalu River Water

s f ty o coan o A [EREES a5t neerds
(extractlon method Prmclpal Component AnalySIS ( otatlon method Vanmax
fi, 274 "L‘i .(” ff LI - ¢ I S04 ‘_
w1th Kaiser normallzatlon), loadmg>0 3 ane shown in bold) ‘

.jl- (Y S AR ‘1 ‘,x ? ",]ll) i U,,, AR SRSV N 4 ;a»“l‘
2o g s e Rotated ComponentMatrix- 7 o woep v lagud, s 1o b g Ui e,

t
ufr, o Component, o A e segeadn Lo oty
1 2 3 4 5 6

by

Naph - 12122680 3687 ) brtg31p) - ' 2034417 L 703667 S0.0401 ¢ ¢ 0316

Acy: ;- 110947 ;. 0036 1000371 0062 - 1003855 10011,
Acen . 0935, . -0.027 -0.077 |, -0041 0.019 . 0.164
i 0 P TR Ao d Yo e T Sa T nant egie e,
Flu 0.827 -0.208 0.004 0.449 0.164 0.042

Phét- -7 1 odag <7 - oioss T/ D25l | oadeni-dlaer! b 0383

Anth«, FRIH {] 0. 107'4(' ;0106! . 0.091'— ! ,34‘;,-9.())87.””) 1,—08'88‘“3 - JQ..157r

¢

Flan . -0 129 0.800 0 179 -0.067 . 0332 . 0.149
o ot AN St At Q10 ey, g
Pyr -0 135 0.737 -0 157 0132 ° -0.159 -0.059
B‘aA' o <0117 ‘«(‘fl‘dfﬁ[j"u ' ”0.965( I3 !_0"02]' ‘s15‘(3_0‘_03'34“.)'.‘7().]']i»'.J
Chryd ) i 0075 ¢ 0807 5050063, 101133 11 -0.3L1"5g, 0367
BbF . 0.615 -0 255 -0.007 0.715 . 0. 105 0.045
(INTTIS ; Py, emstas bl 1ot b e o
BkF 0 042 0.274 0.001 0.920 0.018 0.091

BaP '/ 1 L logg9 7 06033 urgooo! T s .gioast 1igioss’ 0n0/026 /
DBA{ 4707 . 0189y, § 0030, , 0760 |, 00301 510198 ,, ©§;0.252°;

. -0.187 0. 153 N -0040 -0.071 0.125 -0.805 |

aoent Lo ’1‘,15 IR TN WIS IS I LR S T T Nt o 1 1T IR N Y IR
-0.204 " 0. 160 0 694 -0.065 0.321 0.298
T i {v cho” R I-u. L AR 2 "l“i'r .f"‘r Kﬁ" ‘. 501 it
Eigenvalues ‘~>%.588 - 25T 37 @ 605 AT 1 30abin (1091
% of Variance 28.674 16.105 14.812 10.03 B.148 5.819
Cumulative % 28:674 144.78 59. 591 59. 621 7.7 ., B4.589 e
R B T SR RPN AR TR Le: & NPT LV et e Eloha 14 WU RN IV ISP TS N B AR |

4.4.8 - Association with Carbon ;

! Range.of TC, OC-and'IC in Bharalu.water during.post-monsooniweret157.5:1040:
mg/l, 287-859 mg/l and 110-220 mg/1 respectively.(Table 4.37): Theiconcentration-range;
of TC, OC and*IC in Bharalu water during{pre-monsoon .were, 17729690 nig/1,-8.01-9500
mg/1 and 108-218 mg/l respectively. The mean concentrations of TC, OC and.I€{during
post:monsoon; were found to be 557.2+320 mg/l, 5304258 mg/l and 182440 mg/l
respectively. However, the mean concentrations of TC, OC and IC during post-monsoon.
were found to be 33441734344 mg/l, 31753+4326mg/liand 1171.6338-mg/] respectively.
Mean.concentration of TC' andz:OC-weresvery-high-during presmonsoon;séason while.in

case of IC mean value was slightly lower. than that of post-mionsoon season..1;1 b1 ;.0
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Correlation analysis was performed to explore the relationship of PAHs in
Bharalu water with TC, OC and IC (Table 4.38). Good correlation was observedifor BaA
and IP with both TC and OC, whlle Flan only w1th TC. However, IC showed s1gruﬁcant

1w ot T it J

negative correlation only with BaP. Thus OC could play important role in dispersion of
rBaA and IP of Bharalu River water. This would also, mean that organic content of water

favofn:ed solubility of these individual PAH.

€

i

Table 4 37 Range and mean concentratxon (mg/l) of total carbon (TC), organic
carbon (OC) and morgamc carbon ac) in Bharalu River water during post-

A
monsoon and pre-monsoon season

s 4 [ A

TC ocC IC

Mean Range Mean Range Mean Range
Post-monsoon 557.24320 157.5-1040 530+258 287-859 182440 110-220
Pre-monsoon 3344.744344 177-96%0 317544326 8 01-9500 1716438  108-218

.
f ,ﬁﬂ“l,vv, # ) 1 \ v 17 e oo, R P

‘1 3 p3f4 ¢ i

Table 4.38 Correlations of PAHS with“ ‘total carbon (TC), organi ¢arb '1'11 '(OC) and
inorganic carbon (IC) in Bharalu River water

»
I 2ad

Ic oc c_
Naph 0.137° 0133 -0.026 ‘
Acy 0061 -0.06 0.488 "
Acen 0.105 0115  -0.601
Flu 0238 . 0248 20.585 .
Phen 0.052. , . 0028 0515
Anth 0.09 0.082 0256
Flan 0.602* . 0594 o;orq\gh
Pyr 0.277 0.269 0.106
BaA 0.738%  0733*s  0.144°
Chry 04624 " -0438 0093
BbF 0159'* * 0169 10462
BKF 0.303 0.295 0029
BaP 0108 0113  -0.569*
DBA 0.101 0.0% 0.192 ,
BgP 0.154 0112 01

1 4 0.673**  0.675**  0.105

ot

YPAHs 0314 0293  -0505
**Correlation is sigmficant at the 0.01 level (2-failed)

v, ! [ N
*Correlation is significant at the 0.05 level (2-tailed)
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7 r o~

4.51 5»'PAHs in River Sediment of Guwahati City

(IS ) 1{‘:‘)’

4.5. 1 Summary Statlstics of Rlver Sediment PAHs

R Y PO IRVt 2% AL N DR L SO B A
-+ .7 1 Mean and range of:16!PAHs in sediment'of Bharalu River during post-monsoon
and pre-monsoon season are shown in Tablé' 4.39. On dry weight “basis, .Y PAHs
concentration in post-monsoon sediment samples ranged from 337.6-23140.5ng/gm with
mean value of 4968 2+8135ng/gm, whereas they varled from 608.8-8618.6ng/gm in pre-
monsoon w1th mean value of 3812 4_2820 ng/gm BaP concentration varied from 0.7-

,,.?} ;1’4 PR, $ 1 s}
33. 2ng/gm with ‘mean concentratlon 17. 8+13ng/gm durmg post-monsoon whereas it

ranged between BDL and 58.0ng/gm with mean value of 21. 9127ng/gm durlng pre-

monsoon season. -

Table 4.39 Meant standard deviation (SD) and range value of PAHs (ng/gm) in

Bharalu vaer sedlment durmg post-monsoon and pre-monsoon season ,

Post-monsoon “«i>0 ipreimomsoon - | 0 ot

Mean Range Mean | Range ,
Naph 1.2+1 (0.3-4.0) 6.128 . (0.03-21.0) .
Acy 120.8+105 (20.5-287.2) 290.6+251 (BDL-518.1).
Acen 54.0+74 (BDL-203.4) 73.4£54 - (BDL-145:1)
Flu 39.5+29 (BDL-84.102) 12314 (0.9-40.7)
Phen 3116.847020  (BDL-17419.6)  639.7+483 (101.9-1290. 5)
Anth 46.3177 (BDL-199.6) 587242 (BDL-94 9)
Flan 548.4+881 (BDL-2323.0) 777.6;7%‘)9:’ (75.5-1757. 3)
Pyr 272.7+484 (BDL-1229.1)  103.3168 | (31.0-216.5) ,
BaA 12.0£10 (BDL-27.8) 4343, 0.7-10.8)
Chry 572.3+646 (22.8-1871.6)  984.3:1294  .(51.7-3419.8)
BbF 102.6£120 (BDL-280.3) 153.7+348 (BDL-864.3)
BKF 18.8+11 (BDL-31.8) 67.3+120"  ° (BDL-280.9)
BaP 17.8+13 (0.7-33.2) 21.9£270' (BDL-58.0)
DBA 160.7+251 (BDL-533.9) 108.3£158 (BDL-371. 8)
BgP 24.5420 (BDL-53.0) 50.7+90 (BDL-232. 4)
P 807.4+925 (BDL-21562)  §22.4%1559 (BDL-3990.1) .
SPAHs 4968248135  (337.623140.5) 3812.442820  (608.8-8618.6)
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4.5.2 Spatial and Seasonal Variation of PAHs

Mean concentration of ) PAHs during post-monsoon was found to be higher than
that of pre-monsoon. However, mean values of most of the individual PAH increases

during pre-monsoon than post-monsoon except Flu, Phen, Pyr, BaA and DBA (Table
4.39).

Most of the sites experienced a rise in Y PAHs concentration during post-
monsoon season except R2 and R7 site where maximum Y PAHs concentration was
observed during pre-monsoon season (Figure 4.26). Site R2 was observed as most

polluted site.

YPAHs
25000

20000

15000
B Post-monsoon

10000 O Pre-monsoon

5000

NEIE 1N il L
Rl R2 R3 R4 R5 R6 R7

Figure 4.26: Y PAHs concentrations (ng/gm) during post-monsoon and pre-monsoon

season at sampling sites (R1-R7).

The pussible reason of such PAHs pattern in sediment might be the input of high
PAHs in the river system along with heavy discharges from all municipal, commercial
and industrial outlets during monsoon season and their subsequeiit partition into scduucnt
during post-monsoon season. High total PAHs concentration during pre-monsoon season
inn R2 site could be due to their closeness to the confluence of Bharalu into Brahmaputra
River. Re-suspension of surface sediment and absorption of PAHs from water to
sediment particles in mixing zone [343] might cad to accumuiaiion of PAHS in
sediment. Moreover, R2 was a high traffic density sites. Continuous PAHs deposition

from traffic, re-suspension of road dust and wind from Brahmaputra side might be
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another cause of such observations. However, lower level of Y PAHs at R1 could be due

to dilution of contaminants at the confluence.

4.5.3 PAH:s profiles

PAHs profile (Figure 4.27) during post-monsoon season was dominated mainly
by 3 and 4-ring PAHs with more than 60% contribution. However, R3 was dominated by
6-ring PAHs with ~70% loading during post-monsoon season. Similar PAHs profile
with dominance of 3and 4 ring PAHs was also observed in pre-monsoon samples in all
the sites except R2 with ~50% contribution from 6-ring PAHs. Thus, PAHs profile was
dominated by 3-, 4- and 6-ring PAHs in sediment during both the season with high
dominance of 3-ring PAHs during post-monsoon and by 4-ring during pre-monsoon

s€ason.

Ludividuaily, wican highest percentage contribution was found for Phen during
post-monsoon season followed by IP>Chry>Flan>Pyr. However, during pre-monsoon
period the order was Chry>IP>Flan>Phen.

Percentage contribution of 2-ring PAHs was less than 0.5% in sediment samples.
Thus sediment of Bharalu was more contaminated with HMWPAHs. Moreover, surface
water carrying HMWPAHs easily undergoes partition to solid particles of sediment as
LMWPAHSs are more soluble in water.

(a) (b)
100% | e _ e _ i = 100% ([ SEE N .- =3 F

80% 6-ring 80% i+ l [ " 6-ring

‘ ®5-rin i
60% i = g 60% A W 5-ring
| 4-ring = 4-ring

40% B . 40% ;
W 3-ring ®3-ring
20% I ® 2-ring 20% l l ®2-ring

R1 R2 R3 R4 R5 R6 R7 R1 R2 R3 R4 R5 R6 R7

Figure 4.27: Percentage composition of two, three-, four-, five- and six-ring PAHs in

Bharalu River sediment during- (a) post- monsoon and (b) pre-monsoon seasons.
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4.5.4 Toxicity

PAHs profile in terms of CPAHSs to rest of the 16 PAHs showed 57% and 46%
contribution during post-monsoon and pre-monsoon season respectively in Bharalu River
sediment (Figure 4.28). This indicated similar trend of CPAHs and possible threat of
exposure from sediment in both the sampling seasons. The continuous process of
dissolution, evaporation, adsorption and desorption in water, air and sediment interface in

turn elevates the potential risk of these compounds.

|
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9% ’J\ 21%
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| By
[ [
BgP || . B
1% h\ L
H
| Y\ 5.
‘EH R e 190
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Figure 4.28: Abundance of carcinogenic PAHs (CPAHs) to other PAHs in Bharalu

River sediment during — (a) post-monsoon and (b) pre-monsoon seasons.

Mean BaPq concentration of YPAHs was found to be 184.9+233ng/gm and
197.5+£318ng/gm during post-monsoon and pre-monsoon season respectively (Table
4.40). The maximum concentration was observed at R2 site and minimum at R7 both

during pre-monsoon season.

This indicated high risk of toxicity in sediment of Bharalu River during pre-
monsoon season. In India, regulation has not been developed for concentration of PAHs
in aquatic environment. Because of the possible toxic nature of the PAHs in the river
water and sediment, a regulatory mechanism is highly required for its control and regular

monitoring.

87



Results and Discussion

Table 4.40 BaPeq concentration (ng/gm) of > PAHs in sediment of Bharalu River

Post-monsoon Pre-monsoon

R1 72.2196 43.455

R2 644.9706 870.6217
R3 256.0336 62.4883

R4 19.3341 24.1688

R5 17.0508 335.3834
R6 3.9233 43.7575

R7 281.0445 2.3579
Mean 184.94+233 197.46+318

4.5.5 Ecosystem Risk

The mean concentrations of RQcs) and RQmpcsy in Bharalu River sediment
during post-monsoon and pre-monsoon season are listed in Table 4.41. Individually,
RQmpcs) value of Acy, Phen and Pyr were >1.0 during both post-monsoon and pre-
monsoon season indicating some severe toxicity to aquatic organisms by these three
compounds. RQncs) value of all individual PAH were > 1.0 except for BgP during post-
monsoon season. This indicated that Naph, Acen, Flu, Anth, Flan, BaA, Chry, BbF, BKF,
BaP, DBA and IP expressed middle level of ecosystem risk in Bharalu River sediment
while BgP showing no ecosystem risk. Coefficient of variation (CV) of all individual
PAHs were higher than 60% and in case of some PAHs exceeded 200%, indicating

strong variation in ecosystem risk of individual PAH in different sampling sites.

Moreover, Figure 4.29 illustrated that 3 and 4-ring PAHs mainly Acy, Phen and
Pyr contributed to the main ecosystem risk burden. And higher ecosystem risk was
observed by Phen and Pyr during post-monsoon season than that of pre-monsoon season.
The contribution of 2-ring PAHs was negligible which could probably due to their high

water solubility.

RQumrcsy of Y PAHs in sediment of Bharalu River was >1 during both post-
monsoon and pre-monsoon season. RQncs) of Y PAHs during post-monsoon was >800
while during pre-monsoon was <800. This indicated high ecosystem risk during post-

monsoon season and moderate risk inclined towards higher side during pre-monsoon
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season in Bharalu River sediment. Moreover, very high percentage of coefficient of
variation (CV) for }PAHs during post-monsoon also revealed great variation of
ecosystem risk in this season. The mean ecosystem risk during post-monsoon
(RQspansvpesy=19.0) was 3.3 times higher than that of pre-monsoon season
(RQyspansmpes)=5.8) (Table 4.41). From the Figure 4.30 it was also observed that
RQypansines) value was very high at site R2 during post-monsoon season whereas during
pre-monsoon high value was detected at site RS. Site R2 being near to confluence of
point could probably attribute such high RQ value. River channel at site RS receives
input from catchment of the industrial belt of the city where Guwahati refinery and many
industries are located. On the whole, the results marked that PAHs in aquatic sediment of

Bharalu River resulted in severe ecosystem risk mainly during post-monsoon season.
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Figure 4.29: Mean RQxc¢, and Mean RQypcs values of individual PAHs in sediment
of Bharalu River during post-monsoon and pre-monsoon season.
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Table 4.41 RQqcs) and RQ(Mch) values of PAHs (ng/gm) with their risk classification during post-monsoon and pre-monsoon in

Bharalu River

~

Recommended Post-monsoon (NCs) - Pre-monsoon EMPCs) Rk Pre-nlgnsoon (NCs) Pre-monsoon (MPCs) Rk

NCs MPCs Range Mean CV(%) Range Mean CV(%) Classification  Range Mean CV(%) Range Mean  CV(%) Classtfication
Naph 14 140 0229 10 1106 - 0002-003 .00l 1106 Moderate nsk 0 02-15* 44 1363 00002-02 004 1363 Moderate risk
Acy 12 120 l';l-239 3 1007 871 02-24 ~ 10 871 High Risk BDL-432 2422 865 BDL-43 24 865 High Risk
Acen 12 120 BDL-169 5 450 1377 BDL-17 04 1377 Moderate nsk ~ BDL-121 612 741 BDL-12 06 741 Moderate nsk
Flu_ 12 120 BDL-70 1 329 733 BDL-0 7 03 733 Moderate sk~ 0 8-339 103 1 001034 01 1111 Moderate risk
Phe;r 51 510 BDL-3416 6111 2252 BDL-34 2 61 2252 High Risk 20-253 1254 755 0225 13 755 High Rusk
Anth 12 120 BDL-166 3 386 1657 BDL-17 04 1657 Moderate nsk ~ BDL-79 489 714 BDL-0 8 05 714 Moderate risk
Flan. 26 2600 BDL-894 211 1606 BDL-09 02 1606 Moderate nsk 2 9-676 299 976 00307 03 976 Moderate risk
Pyr 12 120 BDL-1024 2272 1775 BDL-102 23 1775 High Risk 26-180 4 861 662 03-18 09 662 High Risk
BaA 36 360 BDL-77 33 848 BDL-0 1 003 848 Moderate nisk ~ 02-3 | 12 798 0002-003 001! 798 Moderate risk
Chry 107 10700 02-175 53 1129 0002-0 2 01 1129 Moderate nsk 0 5-32 92 1315 0004-03 01 1315 Moderate nisk
BbF 36 360 BDL-779 285 116 6 BDL-0 8 03 1166 Moderate sk~ BDL-240 427 2266 BDL-24 04 2266 Moderate risk
BkF 24 2400 BDL-13 10 935 © BDL-00I1 001! 602 Rfsk-free BDL-117 28 1778 BDL-0 1 003 1778 Moderate nisk
BaP 27 2700  003-12 10 723 - 00003-001 -001 723 Moderate risk  BDL-2 1 10 1232 BDL-002 001 1232 Moderate risk
DBA 27 2706  BDL-198 60 1562 BDL-0 2 D1 1562 Moderate nsk ~ BDL-1 3‘8 40 1455 BDL-0O 1 004 1455 Moderate risk
BgP 75 7500 BDL-07 03 i 824 ) BDL-0 01 0003 824 Rusk-free BDL-3 1 10 1774 BDL-003 001 1774 Moderate risk
Ip 59 5900 BDL-365 137 1146 BDL-0 4 0t 1146 Moderate nsk ~ BDL-676 139 1896 BDL-07 01 1896 Moderate nisk

_YPAHs 199-5283 9709 1967 275025 7190 1419 High Risk 1088-11703 5364 826 15-90 58 573 Moderate nsk,

Note CV =coeflicient of variation, BDL=Below Detection Limit
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RQycs0f Y PAHS
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Figure 4.30: RQncs of YPAHs in sediment of Bharalu River during post-monsoon,
and pre-monsoon season.

4.5.6 PAHs Ratio_s and Source Identification

Mean IP/([P+BgP) ratio during post-monsoon and pre-monsoon season of
0.67+0.4 and 0.81+0.3 (Table 4.42) respectively indicated that wood burning was a
major source of PAHs during post-monsoon in Bharalu River sediment. In sediment
samples the mean ratio of Flu/(Flu+Pyr) was found to be 0.45+0.3 and 0.14+0.2 durin;
post-monsoon and pre-monsoon respectively inferred gasoline emission as the source of.
PAHs during both the season. In this study Anth/(Anth+Phen) ratio was 0.17+0.2 and
0.06+0.04 during post-monsoon and pre-monsoon respectively showed mixed petrogenic-
and pyrogenic origin of PAHs. However, Flan/(Flan+Pyr) ratio was 0.72+0.3 and
0.76+0.2 during post-monsoon and pre-monsoon season respectively indicated pyrogenic
origin of PAHs. Naph/Phen ratio 0.02 and 0.07 during both pre-monsoon and post:
monsoon respectively also confirmed petrogenic origin of PAHs in sediment. Moreover,
the ratio of CPAHs/TPAHs 0.62+0.4 and 0.52+0.3 during post-monsoon and pre-
monsoon period respectively indicating combustion derived PAHs in sediment of
Bharalu.

Petrogenic sources that revealed from diagnostic ratio in the river possibly

originated from leakage of crude oil and refined products like gasoline from road run-off
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and industries. Pyrogenic sources were mostly found to be from combustion of diesel or
gasoline.fuel and fuel oil from vehicular traffic and industries. Once they entered into the
environment they are easily dissipated through atmospheric transport and finally get
deposited on the river system [343, 344]: Moreover, street dust might be another possible
source of petrogenic PAHs. Cremation ground in the upper stream of the river could be
possible source of wood burning PAHs in the river. In addition, biomass burning is also a

traditional practice in Northeast India.

Table 4.42 Mean diagnostic ratios of PAHs in sediment of Bharalu River during

post-monsoon and pre-monsoon season

Post-monsoon Pre-monsoon  Prescribed

___ sediment _ sediment  ratio '  Sources
IP/(IP+BgP) 0.67+0.4 0.81+0.3 0.62 Wood burning
Flu/(Flu+Pyr) 0.45+0.3 0.14+£0.2. <0.5 Gasoline
Phen/(Phen+Anth) 0.83+0.2 0.95+0.04 >0.7 Fossil fuels
Naph/Phen 0.07+0.1 0.02+0.03 <<] N Petrogenic 1
Anth/(Anth+Phen) 0.17+£0.2 . 0.06+0.04 >0.1 Pyrolytic

<0.1 Petrogenic
Flan/(Flan+Pyr) ' 0.72+0.3 " 0.76£0.2 >0.5 Pyrolytic
C*PAHs/TPAHs  0.62+0.4 0.52+0.3 ~1 Combustion |

C*PAHs=Flu+Pyr+BaA+Chry+BbF+BkF+BaP+IP+BgP

4.5.7 Source Apportionment

PCA for sediment data revealed 4 factors and explained 85.98% of variance. The
variance of individual factors and their eigen values are shown in Table 4.43. Factor 1,
explained 44.98% of total variance, had high loading of Acen, Flu, Phen, Anth, Flan, Pyr
and DBA. Khalili et ‘al. {208] identified Anth, Phen, Flan and Pyr markers for wood
combustion. So, the 1% factor was attributed as wood combustion source. Factor 2
explained 20.41% of total variance and had high loading for Acy, Acen, BkF, BaP, BgP
and IP. This factor is considered for vehicular source. Factor 3 showed 12.08%

contribution with high loading of Naph and Chry. This factor was attributed to coal
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combustion [279]. Factor 4 explained 8.51% variance with high.loading of Acy, BbF and
BaP. This factor was regarded as source of diesel engine vehicles. Thus PCA recognized
four distinct sources of PAHs wood combustion, vehicular combustion, coal combustion
and diesel engine combustion with 44.98%, 20.41%, 12.08% and 8.51% contribution

respectively.

Table 4.43 Factor analysis scores for PAHs in sediment of Bharalu River from seven
sampling locations in Guwahati city (extraction method: Principal Component
Analysis. Rotation method: Varimax with Kaiser normalization, loading>0.4 are

shown in bold)

Rotated Component Matrix " N o

Compqngnt_ 5 .
1 ] 2 3 B—
Naph 005 015 094  -008
Acy 0.37 ' 0.66.° -0.32 + 0.46
Acen 0.85 0.44 . 0.19 -+ 0.07
Flu 0.75 -0.03 008 0.37
Phen 0.98 008 -0.09 -0.01
Anth 0.88 0.23° 029 0.21
Flan | 076 0.25 -0.20 0.36
Pyr 095 . 011 0.02 -0.13
BaA 0.10 0.23 -0.35 " 037
Chry -0.11 001" 091 -0.06
" BbF 0.28 +,0.04 012 0.90
BKF 0.13 0.96 -0.04 -0.06
BaP 0.10 0.76 -0.14 0.52
DBA 0.34 0.49 -0.11 0.07
BgP 0.11 0.96 007 . 007
1P 0.01 0.93 005 " 006
Eigen values . 720, , ’ .3'27 D 1.93 PN 11.36
% of Variance 44.98 20.41 12.08 8.51
Cumulative%  * 4498 ' ! 6538 - ‘7746°° ' 8598
e co Wood : Vehicular . . Coal N
Identified Sources Combustion Source . combustion.  Diesel Engine
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4.5.8 . Association with Carbon ¢

Yy P ve T ay )
Organic carbon (OC) and black “carbon (BO) concnentratlons in sediment of

Bharalu River varied from 2.014-7.282% and BDL:2290pg/gm respectively (Table
4.44). Both OC and BC concentration in sediment Bharalu Rivér sediment was found to
be higher during pre-monsoon (5.23+2 pg/gm and 1190.3+899ug/gm respectively) than
that of post-monsoon (3.87+2ug/gm and 214. 05i196pg/gm respectively) season.
Sediment OC did not show any significant correlatlon w1th PAHSs (Table 4 45) However
BC and BC/OC showed significant correlation with Naph and Chry. ThlS inferred that
these compounds are combustion derived in sediment of Bharalu Rlver Thus, BC was

found to influence in sediment PAHs dissipation in Bharalu Rlver

Table 4.44 Concentrations ((ug/g) of organic carbon (00), black carbon (BC) and
BC/OC in sediment of Bharalu River sediment '

ocC BC BC/OC
Post-monsoon 3.87£2 214.05+£196 0.007+0.01
2.01-7.28 BDL-530 BDL-0.03 A
)
Pre-monsoon 5.23+2 1190.3+899 . 0 04+0.04
230-7.198  434.1-2290 0.006-0.10 ’ '
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Table 4.45 Correlations of PAHs with organic carbon (OC), black carbon (BC) and

BC,/{O’C in sediment of Bharalu River’isetdiment'
~0C BC BC/OC .~

Naph, 029  0.77%* ' 0.68*%

Acy  ,030 .. .036, -035

Acen 0.14 -0.11 -0.19

Fu  -026 039 -027

Phen 008 019  -0.IS

Anth 020 028  -0.30

Flan. 027 016 023

Pyr 011 009 009

BaA -0.29 -0 32 -0.21
Chry -0 32 0.68**  0.61*

DA “ 1

BbF 0.14 017  -0.16
BKF 0.39 011 -0.16
BaP 0.11 033 028
DBA  0.15 024 022
BgP 032 0.13  -0.15
IP 0.22 0.19  -0.17

YPAHs -0.01 013 -0.11

1

**Correlation is significant at 0.01 level (2-tailed)

*Correlation is significant at 0.05 level (2-tailed)

4.6  Source signature of PAHs Bulk Deposition on Soil, Road Dust, River Water

and River Sediment

To understand influence of bulk deposition on concentrations of PAHs in other
environmental matrices — soil, road dust, surface water and sediment — mean signatures
of PAHs, as PAHI/Y,cPAHs and vital diagnostic ratios, of environmental matrices of the
study area have been computed (Table 4.46). Pearson’s correlations among mean PAH
signatures of various matrices were also built (Table 4.47) to explore the extent of
source/sink relationships if existed.

PAH signatures of bulk deposition correlated significantly with signatures of soil
(r=0.79), road dust (r=0.65), surface water (r=0.51) and sediment (r=0.50). This could
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imply that atmospheric bulk deposition is:the major contributor of PAHs in soil, road
dust, water and sediment. Correlations of PAH signatures of bulk deposition appeared to
stronger with PAH signatures of soil and road dust compared to river water and
sediment. This could'mean that land and roads receive much of the PAHs through
atmospheric deposition. On the other hand, river water and sediments could have
additional inputs from other sources besides atmospheric deposition.

It was interesting'to find strong'correlations of PAH signatures of sediment with
signatures of road dust (r=0.87 and soil (=0.65). Moreover, correlations were also
observed between PAH - signatures of river water with soil (r=0.45) and road dust
(r=0.45). The region being high rainfall area there could be sufficient transport of PAHs
from road and soil by storm water to the river water and then to river bed sediments, as
significant correlation was found between river water and sediment (r=0.55). Correlation
of soil and road dust with sediment was stronger than that of river water might be due’to
low solubility of PAHs in water, much of the PAHs carried by storm water could have
partitioned to the solid phase in the sediments. High significant correlation was also
found between PAH signatures of soil- and road dust (r=0.89), indicating common source

which could be atmospheric deposition.:
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Table 4.46 Average of signatures of PAHs as PAH (PAHi/} 16PAHs) and source
diagnostic ratios in various environmental matrices of Guwahati

LY.

' Signature Bulk Deposition  Soil Road Dust River Water Sediment
n=63 n=15 n=135 n=14 n=14
Nap/y PAHSs 0.294 0.600 0.747 © 0057 . ".0001
Acy/LPAHSs 0.005+ 0.010 0.008" 0.026. 0.033
Acc/LPAHs 0016: 0004 - 0002 . . 0010 S o011
FWzPAHs —  g003 0.001 000L . T 0025 .  0.005
Phe/PAHs 0.031 . . * 0019 -0.027 0191 .. 0377
Ant/LPAHs 0:012. 0.002 0.001 0.025 0.009 -
FI/2PAHS, . 0036 . 0.019 . 0021 0058 ..  0.142
PZPAHS- . iogos 0.006 0.006 0068 . 0038
BaA/yPAHSs 0.297 © 0200 0088 . .- 0.009 . 0.002
Chry/LPAHSs 0260 . 0.125° 0.084. . . 0093, 0177
BbF/2PAHSs 0002 . - 0002 10,001, ,0.256 - . 0.022
BKF/LPAHs 0002 - .. 0001 ..  .-0000- : 0074 © 0,007 .
BaP/yPAHSs 0.003 0.006 0.001 ° « » 00lle :  0.004.
DBA/LPAHs 0.002 0.001 0.000 0.024 0.019
BghiP/3 PAHSs 0.002 0.001 0.001 0.001 0.007
ledP/ZPAHs 0.018 0.006 0.010 0.072 0.146
IcdP/(lcdP+BghiP)  0.90 0.86 0.92 0.99 0.95
Pyr/BaP 1.59 0.98 4.08 6.28 9.13
Fth/Pyr 7.8 3.45 3.53 0.86 3.70
Phe/Ant 258 24.94 19.65 752 40.39
Nap/Phe 9.46 32.10 27.39 030 0.00
Ant/(Ath+Phe) 0.28 0.1 0.05 0.12 0.02
Fih/(Fth+Pyr) 0.88 0.78 0.78 0.46 0.79
Flu/(Flu+Pyr) 0.40 0.13 0.09 0.27 0.11
Phe/Flu 9.38 23.49 48.02 7.60 80.45
BaP/(BaP+Chry) 0.0 0.04 0.02 0.10 0.02
BbF/BKF 0.79 2.70 171 3.44 334
BaP/BghiP 1.68 5.74 1.55 13.00 0.57
Phen/(Phen+Anth) 0.7 0.89 0.95 0.8 0.98
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Table 4.47 Correlations of average source signatures * of PAH of builk deposition,
soil, road dust and sediment

Bulk_Deposition Soil -+ """ Road_Dust ‘" * River_Water ''' Sediment
Bulk_Depositio 1.00
n .
Soil 0.79** 1.00
Road_Dust 0.65%* 0.89** 1.00
River_Water 0.51* 0.45* 0.45* 1.00

Sediment 0.50%* 0.65%*% 0.87%* 0.55%* 1.00
**Correlation is significant at the 0.01 level (2-tailed) '

* Correlation is significant at the 0.05 level (2-tailed)

*Source Signatures of Table 4.48

4.7 Comparison with Previous Works
4.7.1 Bulk Deposition

The coemparison of PAHs concentrations observed in the present study with
previous works (Table 4.48) indicates higher levels of PAHs in the present study. The
level of PAHs flux estimated in this study were also show much higher values than that
of other highly industrial cities like Manchester and Cardiff (UK) (1-24.2 pg/m%day and
8-19.6 pg/m?/day respectively as reported by Halsall et al. [345]. Similar observations
were also, reported. for the fluxes of Paris (0.17-2.03pg/m2/day); Ollivon et al. [118];
Northern Greece (0.21-1.1pg/m*/day); Manoli et al. [78); Southern Germany. (0.2-
1 Oéug/mzlday), Gocht et al. [72] Hungary (1.04- 13 73ug/m2/day, Kiss et al [225], in
Nevy_ Jersey, Mld Atlantlc east coast Reglon (O 0004-3 to 0 l4ug/m‘/day), Glghom et al.
[125], Sweden (0. 78pg/m2/day), Brorstrom-Luden et al [346], Beljmg, North China
(1. 7:tl 09 to 14.25%12. 33pg/m2/day), Wang et al [123] and Shanghai, China
(1.6pg/m*/day); Yan et al. [226]. |
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Table 4.48 PAHs concentrations (ng/ml) in bulk precipitation reported elsewhere

Site Period Stodied PAHs SPAHs BaP Reference
Hungary' 1995-1996 12 PAHs 0.156-1.993  0.002-0.147 (225)
Northem Greece? -1996-1997 14 P;\Hs 0.143-1.397 0.7x107%-6%10™ {78]
Poland® 1998-1999 16 PAHs 0.079-0 891 ou41‘x 107-0.025 (119]
Paris* 1999-2000 14 PAHs 0.051-0.323 | . [

West Paris® 2001-2002 14 PAHs 0001-0222  nd.-0.012 (115}
Seine estuary, France® 2001-2002 14 PAHs 0.006- 1'659 ' nd.-0.134 [120]
Mumbai, India’ 2001 8 PAHs 0.084-0.\778 o.ouz-o.(;zs [252)
France® 2002-2003 17 PAHs 0.103-3865 00040955  [i21]
Turkey’ ‘- 2008 2009 12PAHs - 029040665  *1.04x107-6.76x10° {621

‘ b4.11x10°-0.172

o ! v
i

Guwahati .2011-2012 16 PAHs 2.2-1035 BDL-56 Present study

%n dissolved phase; %in particle phase; n.d. - not detected: . P ‘ ’

IPrecipitation in rural site; 2Bulk precipitation in; *Precipitation in urban region'; “Bulk deposition ; * Bulk

- deposition; *Bulk deposition; "Rainwater; *Rainwater; *Rainwater ., . T

i l:

Bezo(a)pyrene (BaP) ﬂux in Guwahatl c1ty was also found to be many tlmes
higher than that of the studxes carried out in Sweden (0. 030ug/m2/day) Brorstrom- Luden
et al. [346], Hungary (©. 02 0. 43ug/m2/day, Kiss et al. [225] and Germany (0.01-0. O3ug
/m?day; Gocht et al. [72].

4.7.2 Soil

The comparative account of the soil PAHs concentrations observed in the present
study with earlier works (Table 4.49) represents higher levels of PAHs in the present
study. Soil 3 PAHs concentrations including BaP estimated in Guwahati were found to be
comparable with concentrations reported from soils of Shanghai {147], Delhi {97, 279],
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South Korea [171; 347], and Beijing [152]. It was also to be noted that BaP levels in the
UK surface soil [168] and urban soil of Shanghai, China [147] were much higher than
that of Guwahati soil. Compared to Dutch (20-50 ng/gm) and Polish (200-10,000 ng/gm)
standards of > ;sPAHs [236], it was observed that industrial soil PAHs in Guwahati was
higher than both the standards.

Table 4.49 Concentrations (ng/gm) of soil PAHs reported elsewhere

Site Period Number > PAHs Conc. BaP conc.(ng/gm)  Reference
of PAHs (ng/gm)
. 1951-1974
Surface soil, UK 12 PAHs 20-7,400 BDL-1200 [168])
and 1993
27,000
Surface soil, Mc.Murdo .
) 1997 15 PAHs (individual - [348]
station, Antarctica
maximum)
Agricultural soil, South
- 16 PAHs 23.3-2834 <0.42-294 [171]
Korea
Urban soil, Sevilla
. - 15 PAHs 89.5-4,004.2 7.7-371.6 [140]
(Southern spain)
Arable soil, Poland 2005 16 PAHs 80-7,264 - [169]
Traffic soil, Delhi, India 2006 16 PAHs 1062-9,652 34.56-461.27 97
Soil of Isola Della
Femmine Natural Reserve, 2006 15 PAHs 35-545 - [349]
Italy
Urban soil, Shanghai,
2007 16 PAHs 3279-38,868 BDL-6719.6 [147]
China
Urban and surrounding 146-502
2008 16 PAHs - [152]
rural soil, Berjing China (median value)
Indira Gandhi
) 112-260(mean
International Airport, New 2008 12 PAHs 2394-7,529 ue) [279]
value
Delhi
Swizerland soil - 16 PAHs 32-8,465 - [151]
Roadside soil, Punjab,
2009 16 PAHs 4040-16380 - [170]
India
Soil of Hunpu, northeast
- 16 PAHs 7.88-2231.42 - [350]
China
South Korea, Soil 2010 16 PAHs 65-12,000 - [347]
Present
Present study 2011-2012 16 PAHs 799.73-51,299.67 BDL-322.410 d
study
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4.7.3 Street Dust

The comparison of street dust PAHs concentrations estimated in the present study
with previous works (Table 4.50) depicts higher levels of PAHs in the present study. The
total PAHs content in Guwahati street dust was assessed (Table 4.50) to street dust of
Niter6i, Rio de Janeiro, Brazil (434-1,247ng/gm); Pereira Netto et al. [233], road dust of
Shanghai, China (6,875-27,766ng/gm); Liu et al. [234], road side soil of Punjab, India
(770-4,646ng/gm); Kumar et al. [170], traffic soil of Delhi, India (1062-9652ng/gm);
Agarwal, [97], urban street dust of Dalian, China (1,890-17,070ng/gm); Wang et al.
[351}, highway dust in Tehran, Iran (11,107-24,342ng/gm); Samimi et al. [160], street
dust of urban region of Hunan, china (3,515-24,488ng/g); Long et al. [352] and found to
be in much higher side. However, road dust of an industrial city, Korea (11840-

245120ng/gm); Lee et al. [353] was found to be higher than that of Guwahati city.

Table 4.50 Concentrations of PAHs in street dust reported elsewhere

Total studied >PAHSs
Site Period Reference
PAHs conc.(ng/gm)

Street dust of Niter6i, Rio de Janeiro,

Brazil 2002 21 PAHs 434-1,247 [233]

Road dust of Shanghai, China 2004 16 PAHs 6,875-32,573 [234]-
Traffic soil of Delhi, India 2006 16 PAHs 1,062-9,652 [97]

Urban street dust of Dalian, China 2007 16 PAHs 1,890-17,070 [351]
Highway dust in Tehran, Iran 10 PAHs 11,107-24,342 [160]

Street dust of Hunan, china 2009 16 PAHs 3,515-24,488 [352]

Road side soil of Punjab, India 2009 16 PAHs 770-4,6460 [170]

Road dust of an industrial city, Korea 2008 16PAHs 11,840-2,45,120 [353]

Street dust of Guwahati city, India 2011-12  16PAHs 5153-43789 Present Study
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4.7.4 River Water.

. Report on river watér PAHs is found to be limited relative to other matrices of the
environment. Total PAHs concentration in Bharalu River water, Guwahati was analysed
with some previous works over:the world:(Table! 4.51). The comparison indicates higher
level of Y PAHs concentration in the present study than that of Qiantang river of China
(0.0703-1.844 ng/ml; Chen et al. [343], however comparable to that of Tiber river of
Italy (0.024-0.072 ng/ml; Patrolecco et al. [354]. It was also observed that total PAHs
concentration in Bharalu River water was higher than that of Kori river of Iran (45.4-
375.1 ng/ml); Kafizadeh et al. [355]. However, the concentration of Bharalu River water
was found to be higher tﬁl-lan)Yellovﬁv river of China t48.2-206 ng/ml); Yu et al. [356].

Table 4.51 Concentrations of PAHs (ng/ml) reported from river waters elsewhere

Total studied
Site Period YPAH:Ss Conc. Reference
PAHs
Qiantang River, China 2005 15 PAHs 0.0703-1 844 [343]
Yellow river, China® 2005 16 PAHs 48.2-206 [356]
Tiber River, Italy 2007 6 PAHs 0.024-0.072 [354]
Kori River, Iran 2010 16 PAHs 0.045-0.38 [355]
Bharalu River, India (Present study) 2012 16 PAHs . 3.351-72.893 Present study

“sediment-pore water

’
'

4.7.5 River Sediment

The comparison of PAHs concentrations in Bharalu River sediment with previous
works (Table 4.52) depicts higher levels of PAHs in the present study. The level of PAHs
flux éstimated in this study were show much higher values than that of canal and river of
Thiland (2290+2556ng/gm and 263+174ng/gm; Boonyatumanond et al. [357], Beiluohe
River in Northern China (17.7-407.7ng/gm); Zhang et al. [358], Qiantang River in China
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(91.3-614.4ng/gm; Chen et al. [343], Yellow River in China (464-2621ng/gm); Yu et al.
[356], Gomti River in-India (68-3153ng/gm); Tripathi et al. [287],~Tiber River, Italy

(157.8-271.6ng/gm);

Patrolecco ‘et "al: [354], Tuhai-Mjia River, ‘China "(311.69-

3736.32ng/gm); Liu et al. [359], Kori River, Iran (167.4-530.3ng/gm); Kafizadeh et al.
[355): However, Y PAHs level in Bharalu River sediment is found to be lower than that
of Bank sediment of Yamuna River, Delhi, India *(4500-23530ng/gm); Agarwal et al.
{286} and Kaoping River in Taiwan (22.6-45,100mg/gm); Fang et al. [360].

Table 4.52 Concentrations ranges of PAlis in

i1

sediment reported elsewhere

Site Period Total studied PAHs  Concentration Reference
(ng/gm)
Bank sediment of Yamuna River, Delhi,
2003 16 PAHs 4500-23530 [286)
India
v 5 ; -t
Canal and River system, Thiland’ 2003 3-7 ring PAHs' 22902556 (canal) [357)
- - 263+174 (river)
Kaopine River,~and submarine canyon '
) 2003 28 PAHs 22.6-45,100 [360}
system, Taiwan
Beiluohe River, Northern China 2005 16 PAHs 17.7-407.7 [358]
Qiantang River, China 2005 IS PAHs 91.3-614.4 [343]
Yellow River, China 2005 16 PAHSs 464-2621 (356]
Bank sediment of River Gomti, Lucknow  2005-
] 16 PAHs 68-3153 [287]
city, Uttar Pradesh, India 2007
Tiber River, Italy 6 PAHs 157.8-271.6 - [354)
Tubhai-Mjia River system, China 2010 * 16 PAHs 311.69-3736.32 [359]
.. 2 roo " ;
Kori River, Iran 2010-11 16 PAHs 167.4-530.3 [355]
LN 5, ’ i 3
Bharalu River, Guwahati, India 2012 16 PAHs, 337.58-8618.65 Present study

104



Results and Discussion

4.7.6 Need.for Concerted. Study

" ¢ P . '
PR . DRSS BEVES ¥ S :

. The PAHs m dlfferent enwronmental matrices were studled by various
researchers in th past. However mvestlgatlon for mterrelatlonshlp of PAHs among all the
environmental compartments is rather limited. Atmosphere being a prmcnpal pathway for
dispersion of PAHs in the environment, its contribution to other environmental matrices
need to be estimated. According to Manoli et al. [78] bulk deposition was observed to be
major contributing source of PAHs into surface waters in Northern Greece which was
estimated by using PAHs signature ratios. The role of atmospheric compartment in PAHs
distribution was established by Montelay-Massei et al. {63] with mass balance for PAHs
on the scale of the Seine estuary, France in various environmental compartment
including ambient air, atmospheric deposition, soils, sediments, runoff and surface
waters. Spatial distribution of PAHs in surface water, suspended particulate matter
(SPM) and sediment of Daliao River watershed composed of the Hun River, Taizi River,
and Daliao River was investigated by Guo et al. [237]. Composition of PAHs was found
to be dominated by 4-6 ring PAHs in the entire three medium. High occurrence of
LMWPAH in water and SPM was recommended for recent local source and atmospheric
deposition. High pollution load in water and sediment near industrial area was suggested
by industrial wastewater. It was also observed that PAHs levels are relatively higher in
water and SPM, and lower in case of sediments. Samimi et al. [160] investigated PAHs
contamination level in the form of settled dust in different types of samples including
street dust, soil and water of a western highway in Tehran, Iran. Very high PAHs
contamination was observed in the samples close to the highway. Naph and phen were
found as most common PAH in all the samples. The presence of these compounds was
considered as indication of emission from incomplete combustion of vehicular fuels and
their subsequent adsorption to atmospheric suspended particles which were finally settled
in surface of street dust, soil and water near to highway. To assess potential risk of PAHs
from street dust to urban streams reflecting source-sink mechanism through stromwater,
Hongtao et al. [238] assessed PAHs in street dust particles and river sediments (Yangtze
River Delta) in Xincheng, China. The sediments of the urban stream reaches in town
were found to act as sinks for street dust PAHs. To better understand the environmental
transport of PAHs with organic matter and carbonaceous materials, Han et al. [361],
investigated their association in char and soot with that of topsoil and sediment. Stronger

association was observed for PAHs in both soil and sediment with that of soot than with
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Char. In our study, an attempt has been made to estimate the contribution. of bulk
deposition PAHS into various other envnronmental compartments mcludmg sonl street
dust, river water and sedlment The results can also act as a baselme data for various

South-Asian countries.
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Chapter5: Conclusions

5.1 Conclusions
From the present investigation, following conclusions are drawn:

» Strong Seasonality was observed in bulk deposition of PAHs with maximum
concentration during dry season and minimum during wet season. ) PAHs
concentration in bulk deposition were ranged between 2.2ng/ml and 1035ng/ml
with mean value of 71+140ng/ml. Whereas benzo(a)pyrene concentration were
ranged from BDL-5.6ng/ml with mean of 0.2+0.9ng/ml. The maximum
concentrations of ) PAHs and BaP were observed to be on higher side than many
industrial cities over the world. Total PAHs concentration was found to be
contributed mainly by LMWPAHSs (low molecular weight) with high dominance
of 2 and 4-ring PAHs which could be due to their high water solubility.

* PAH scavenging was found to be influenced by various meteorological
parameters. Temperature and relative humidity were found to influence
deposition of LMWPAHSs.

* Two sources of bulk deposition were identified and quantified by PCA-MLR.
Source 1 represented mixed inputs from diesel, coal and wood combustion and
source 2 from gasoline vehicles. Source contributions estimated by the model

were found to ~ 90% and ~10% for source 1 and 2 respectively.

* Maximum mean Y PAHs in soil and street dust was observed during post-
monsoon season. Mean concentrations of ) PAHs (USEPA 16) in soil samples
were found to be 5570.7+7830ng/gm (799.7-19492ng/gm), 19292.1£19932ng/gm
((1271.4-51299.7ng/gm) and 9052.3+11508 ng/gm (1639.7-29492ng/gm) during
monsoon, post-monsoosn and pre-monsoon season respectively. PAHs profile
was found to be dominated by 2- and 4-ring PAHs which could be attributed to
multi-hop nature of LMWPAHSs with continuous cycle of atmospheric deposition

and re-suspension.
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Mean ) PAHs concentration in street dust samples were observed to be
8500.8+4608ng/gm  (2248.8-13550ng/gm), 23294.7+15164ng/gm (1394.7-
43789ng/gm) and 14770.5£9899ng/gm (5153.5-28796 3ng/gm) during monsoon,
post-monsoon and pre-monsoon respectively. However, mean BaPq
concentration was found to be maximum during pre-monsoon season
541.7+£550ng/gm. PAHs profile in street dust was also found to be dominated by
2 and 4-ring P}“\Hs.

High dependenc1es of soil and street dust PAHs on BC/OC ratios were found
during pre-monsoon season 1ndlcat1ng that BC could be interfering with the
association of PAHs a'nd oC durmg pre-monsoon. However, such relationships
showed seasonal l;ias and‘high positive d{epondenm\es \ere found during pre-

monsoon s€ason Ol’lly.

Diagnostic ratio -recommended emiSsion from coal, wood and vehicular
combustion were the major signature sources of PAHs 1n soil and street dust

samples of the city.

4

>'PAHs concentration in Bharalu River water was ‘maximum during pre-monsoon
season than that of post-monsoon season. Concentration of Y PAHs in Bharalu
River water was found 'to be in the range of 3.4-72.9ng/m! with mean value of
29.8+22ng/ml. Moreover, Y PAHs concentration was found to be on higher side

during pre-monsoon season than that of post- monsoon season. PAHs Profile was

- ’ i

found to be dominated mamly by 3 , 4- and 5-ring compounds Predominance of
t {

_HMWPAHS (high molecular welght)J (throughout the study period) despite of
their low solubility in water could be attributed to their continuous input as urban

waste or discharge of wastewater into Bharalu River.

'
v

>PAHs concentration in Bharalur Riﬂver{sediment was maximum during post-
monsoon season than that of pre-monsoon season. »PAHs concentration in
Bharaln River sediment was varied from ‘3Y3‘7.6-231(40ng/gm with mean value
4968.2+8135ng/gm during post-monsoon season, wni{e they ranged fiom 608.8-
'8618.6ng/gm with mean concentration of 3%12.412820 ng/gm during pre-
monsoon season. The PAHs profile was found to be dommated by 3, 4 and 6-ring

t

PAHs in sediment.
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The diagnostic ratios revealed mixed petrogenic and pyrogenic sources of PAHs
in both water and sediment samples contributed mainly from diesel, gasoline and

wood combustion in case of pyrogenic source.

Exposure risk for PAHs in all matrices was found to be maximum during dry
season. Mean BaPeq concentration of > PAHs in bulk deposition was found to be
maximum at industrial site (4.6+10ng/ml) which was 11.5 times higher than
forest site (0.4+0.5ng/ml). It is also to be mentioned that the ecosystem risk was
very high in aquatic environment of Bharalu River water which was estimated
using risk quotient (RQ). Therefore, some control measures and remedial actions
must be undertaken urgently to protect the ecosystem of the Bharalu River and its

surroundings.

PAH signatures of bulk deposition correlated significantly with signatures of soil
(r=0.74), road dust (r=0.79), surface water (r=0.54) and sediment (r=0.59) which
could support the hypothesis that atmospheric deposition is the major contributor
of PAHs in soil, road dust, surface water and sediment.

It was interesting to find strong correlations of PAH signatures of sediment with
signatures of road dust (r=0.87 and soil (r=0.65). Moreover, correlations were
also observed between PAH signatures of river water with soil (r=0.45) and road
dust (r=0.45). The region being high rainfall area there could be sufficient
transport of PAHs from road and soil by storm water to the river water and then
to river bed sediments, as significant correlation was found between river water
and sediment (r=0.55). Correlation of soil and road dust with sediment was
stronger than that of river water might be due to low solubility of PAHs in water,
much of the PAHs carried by storm water could have partitioned to the solid
phase in the sediments. High significant correlation was also found between PAH
signatures of soil and road dust (r=0.89), indicating common source which could

be atmospheric deposition.
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5.2 Scope for Future Work

* To study on gas/particle partitioning of PAH and influence of meteorological

parameter on the phase partitioning of PAHs.
* To use other model for source apportionment.

* To study reactivity of PAHs and formation of secondary PAH.
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Annexure

Annexure A
Name Abbreviation LOD (pg/l)*  Solubility in water (mg/L)
Napthalene Naph 329 393
Acenaphthylene Acy 85 393
Acenaphthene Acen 6.2 1.93»
Fluorene Flu 79 1.68-1.98
Phenanthrene Phen 54 “ 20}
Anthracene Anth 3.6 0.076
Fluoranthene Flan 222 0.2-2.6
Pyrene Pyr 1.4 0.077
Benzo(a)anthracene BaA 42 0.01
Chrysene Chry 29.0 0.0028
Benzo(b)fluoranthene BbF 48 0.0012
Benzo(k)fluoranthene BKF 5.1 0.00076
Benzo(a)pyrene BaP 6.9 0.0023
Dibenzo(a,h)anthracene DBA 7.9 0.0005
Benzo(g,h,i)perylene BgP 28 0.00026
Indeno(1,2,3-cd)pyrene P 43 0.062

*values are of present study



Annexure B

Name
Cadmium
Chromium
Copper
Iron
Manganese
Nickel
Lead

Zinc

Abbreviation
Cd

Cr

Cu

Fe

Mn

Ni

Pb

Zn

*values are of present study

Yy v'\l

LOD (ppm)*!
0.004
0.001
0.005

. 0.001

0.0003
0.004
0.02-
0.001
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