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desh, particularly in the city of Dhaka as a case study, are

Rajesh B. Biniwalé* and A. F. Balloffet discussed in this communication. The effect of gasoline
'National Environmental Engineering Research Institute, guality on total emission load of air toxics has been esti-
Nagpur 440 020, India mated by a fuel quality model. Gasoline quality parameters

2Balloffet International, LLC, 2306 Easbed Drive, Fort Collins,

CO 80525, USA for the future have been suggested using the guidelines

from the World Wide Fuel Charter (WWFC).

Gasoline quality improvement alone can reduce total ~ 1here have been various modelling studies for the esti-
pollution load from vehicles to a considerable extent. Mation of pollution load from vehiclég. These studies

A spreadsheet-based model has been developed in theéestimated carbon monoxide (CO), hydrocarbons (HC),
present study to demonstrate this. An annual emission oxides of nitrogen (N¢ and particulate matter (PM)
inventory for gasoline-driven vehicles was prepared emission loads. Very few of the earlier studies have esti-
with respect to volatile organic compounds, toxic air mated pollution load for air toxics such as volatile organic
pollutants and nitrogen oxides using vehicle popula- compounds (VOCs). The US Environmental Protection
Agency (USEPA) has developed a model to calculate emis-
*For correspondence. (e-mail: rb_biniwale@neeri.res.in) sions of VOCs, toxic air pollutants (TAP), and N@om
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motor gasoline, known as the Complex MAde€iive pol- Vg =300 *>N; * D,
lutants are covered in the TAP category: benzene, 1,3-
butadiene, polycyclic organic matter, formaldehyde amghereVy is the vehicle-kilometre travelled by all gaso-
acetaldehyde. The Complex Model developed by EPWne-driven vehiclesin a yeaN,; is the number in vehicles
quantifies not only the effects of oxygen, benzene, arm categoryi andD; is the average distance travelled per
matics, and Reid vapour pressure (RVP) on emissiorday by a vehicle in category The category of vehicles
but also olefins, sulphur, and the per cent of fuel evaensidered are passenger cars, taxis, three-wheelers (baby
pourated at 200 and 300F (E200 and E300 respec-taxis), motorcycles and other petrol-driven vehicles. The
tively). The RVP is a parameter which defines volatilitynumber of vehicles for 1997 and 2000 is depicted in
of gasoline; higher the RVP, there is the possibility ofable 2 along with average vehicle-kilometres travelled
vapour lock formation. RVP may be defined as absolufeistance covered by each type of vehicle). The pollutant
vapour pressure exerted by a liquid (particularly petroleutoad thus calculated is
products in this case) at 37@B (10C0F). The model esti-
mates the effect of gasoline refortation on vehicle Lj=V4* E *107°
emission raté The gasoline parametres and emission
variables used in the Complex Model are detailed iwherel; is the annual load of pollutapin tons ancg; the
Table 1.VOC emission reduction is primarily achieved byemission factor derived from the Complex Model for pol-
lowering RVP. NQ control is achieved by control of sul-lutantj in mg/km. The types of pollutantgonsidered are
phur and a possible control mechanism with aronfatic&/ OC, NQ,, benzene, formaldehyde, acetaldehyde, poly-
TAP control may be achieved by reduction in benzene organic matter, 1-3 butadiene. The total air toxic emission
total aromatics. load per annum from gasoline driven vehicles is

A spreadsheet based model, Air Toxic Emission Inven-
tory (ATEI), to estimate VOC, TAP and N@missions
from various fuel qualities, has been developed eérlier Ly = ZLJ-
The Complex Model has been used for generating emission
rates to be used in the ATEI model. A schematic diagrakmissions for future 10 years are projected using prevailing
of the ATEI model is depicted in Figure 1. The Complexehicle population and growth rate for each type of vehi-
Model generates data in terms of emissions per unit dige.
tance travelled by vehicles. The cumulative vehicle- The major parametres to control gasoline quality con-
kilometres travelled in a year has been calculated usisifered in this study were lead, sulphur and benzene con-
vehicle registration data and daily average distance travellesht. Since, in Bangladesh, lead has been removed from
by each type of vehicle. The number of usual activitgasoline, emphasis was placed on sulphur and benzene.
days in a year has been considered as 300 for the purp¥deen benzene content was varied from 5% to 1% by vol-
of annual load calculation. ume of gasoline, the effect on total toxic emissions from

Table 1. Complex model variables and their relation

Emissions
Gasoline quality Exhaust Non-exhaust Polycyclic
parameter VOC NO benzene benzene Formaldehyde Acetaldehyde organic matter 1,3-butadiene
Benzene ¢ *
MTBE * * *
ETBE *
Ethanol *
Total oxygen * . * * *
RVP . . . . .
Total aromatics . . . . . . .
Sulphur . . . . . .
Olefins 3 3 3 . 3
E200 . . . . .
E300 . . . . . . .

+, Decrease in value of parameter of gasoline specification will result in corresponding decrease in emissions indicatéd. iStngkse in
value of parameter will result in increase in emissions.

X, Increase in value of parameter of gasoline specification will result in corresponding decrease in emissions indicatdyl. @&uoréase in
value of parameter will result in increase in emissions.

MTBE, Methyle tert-butyl ether. ETBE, Ethyle tert-butyl ether.
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Table 2. Vehicle population in Dhaka and calculation of vehicle-kilometres travelled for $8&% and 2000

Vehicle usage No. of vehicles Total vehicle-kilometres No. of vehicles Total vehicle-kilometres
Vehicle (km/yr) (1997) travelled (1997) (2000) travelled (2000)
Passenger cars 19,200 45,243 868,665,600 59,214 136,808,800
Taxis 30,000 - - 800 200,000
Three-wheelers (baby taxis) 30,000 62,803 1,884,090,000 66,360 990,800,000
Motorcycles 10,000 105,673 1,056,730,000 121,156 211,560,000
Other petrol vehicles 20,000 Nil Nil 2,382 440,000
Al petrol vehicles 253,448 3,809,485,600 299,043 4,363,268,800
Emission factors Category 1Markets with no or minimal requirements
— as OUTPUTS for emission control; based primarily on fundamental ve-
INPUTS for emission e Exhaust . .
factor generation emissions hicle/engine performance concerns.
" paranaires USEPA Complex (mglkr) Category 2:Markets with stringent requirements for
Z Qygenates Vehicle emission 2N emission control or other market demands. For example,
- Oliefins —> gsezsgnmgggg"ne > - Formaldehyde markets requiring US Tier 0 or Tier 1, EURO 1 and 2, or
T aoene qualty or VOG, T Pororaonyde equivalent emission standards.
~ E290and E300 i e e Category 3: Markets with advanced requirements for
o Ambient + Non-exhaust emission control or other market demands. For example,
ngir@wre e ?2&7;1?)"3 markets requiring US Califc'Jrn'ia LEV '(Iow emission ve-
: \égfzene hicles), ULEV (ultra low emission vehicle), and EURO 3
and 4, or equivalent emission standards.
Category 4:Markets with further advanced require-
il ments for emission control, to enable sophisticateq NO
+ Vehidle characteristics Model OUTPUTS and particulate matter after-treatment technologies.
+ Time series data on | Emission loads in
vehicle population tones/day . ) . i
o Growth rate of vehicle « Projected emission The various parametres controlling gasoline quality were
nventory varied in the Complex Model according to WWFC cate-

gories 1 to 4. A comparison was made with the present
Figure 1. Schematic of Air Toxic Emission Inventory Model. typical composition of gasoline. Table 3 gives the para-

metres for various fuel qualities of the WWFC and the

present fuel. Estimates of emission are based on the vehicle

exhaust was not more than about 6%. However, reductiBapulation and estimated vehicle kilometres travelled per
of nearly 60% in benzene emissions from vehicles &wnum (Table 3). Annual emissions as a result of varia-
achievable with this reduction of benzene content in fueions in fuels in terms of TAP, VOC and N@re depicted
The variation in sulphur content of gasoline was studid Figure 2.
from 500 to 50 ppm. Reduction of Su|phur to 50 ppm may It is clear from Figure 2 that the present fuel quallty in
be overly ambitious, but certainly it should be reduced dangladesh is good compared to the WWFC category 1,
150 ppm. About 13% reduction may be achieved in bo@xcept for emission of non-exhaust VOC and non-exhaust
total toxics and NQby reducing sulphur to 50 ppm. Reducenzene. This control may be achieved by reducing vapour
tion of Su]phur from the present target of 250 ppm to @ressure. It is observed that while imprOVing the fuel
new target of 150 ppm may bring reduction in total toxicguality as suggested by the WWFC, there is a possibility
and NQ by 3.4% and 3.8% respectively. of increase in formaldehyde. The gasoline quality im-
In the absence of any |ong_term fuel qua“ty standardgovement will dEflnltEIy have a considerable effect on total
at regional level and for Bangladesh in particular, the fuBMissions from gasoline-driven vehicles in Bangladesh.
qualities suggested in the WWFC, could be a good guide-The projected emissidfil year 2010 was estimated for
line to plan for future fuel quality standards. The WwFdmprovement in gasoline quality in 2004 and 2006 (Table 4).
has been delineated with the objective of harmonizatiorhese quality parametres are based on the recommenda-
of global fuels so as to develop common, world-widéons of the Asian Development Bank (ADB) report for
recommendations for ‘quality fuels’, taking into considUrban transport and environment improvement in Bangla-
eration customer requirements and vehicle emission tehesii. Emission reduction in total pollution load with
no|ogieS, which will in turn benefit end-users and a|§igniﬁcant emission reduction for benzene is enVisagE‘d
other affected parties. Four different categories of fudlom the projected emission inventory. Reduction in sulphur
quality have been established for both unleaded gasolifi@s an effect on VOC, benzene, acetaldehyde, 1,3-butadiene,
and diesel fuel. These are described below: polycyclic organic matter and NOThe reduction in
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Table 3. Fuel qualities used for comparison

Gasoline quality

Gasoline type

Complex model

Typical present fuel

parameter baseline fuel in Bangladesh WWFC CAT1 WWFC CAT 2 WWFC CAT 3 WWFC CAT 4
Oxygenate (wt% oxygen) 0 0 0 2.7 2.7 2.7
Sulphur (ppm) 339 250 1000 200 30 0

RVP (psi) 8.7 10 8.7 8.7 8.7 8.7

E200 (%) 41 38.2 35.2 44 44 44

E300 (%) 83 88.4 73.2 79.1 79.1 79.1
Aromatics (vol%) 32 35 50 40 35 35

Oleffins (vol%) 9.2 30 30 20 10 10

Benzene (vol%) 1.53 5 5 2.5 1 1

10000

Emissions (tons/yr)

Figure 2. Annual toxic emissions: Comparison of present fuel with

1000

100

Table 4. Projected improvement in gasoline quality

Fuel property

Prevailing quality fuel

Quality A by the year 2006  Quality B by the3@H0

Ethanol (wt% oxygen) 0
Sulphur (ppm) 250
RVP (psi) 10
E200 (%) 38.2
E300 (%) 88.4
Aromatics (vol%) 35
Olefins (vol%) 30
Benzene (vol%) 5

2.7 2.7
150 50

8.7 5
44 44
80 80
35 35
20 10

2 1

WFuel quality 2001

Exhaust VOC

Non-exhaust VOC i
Exhaust benzene
Non-exhaust benzene
Butadiene

Pollutant

respect to World Wide Fuel Charter categories.
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Figure 4. Comparison of emission for uncontrolled and controlled
fuel quality.

these emissions is in the range 1-9% by the year 2010
after reducing sulphur to 50 ppm, whereas the total pollu-
tion load may be reduced by about 20% with the pro-
posed improvement in gasoline quality. Figures 3 and 4
show comparison of emissions with and without fuel
modifications for benzene and total toxics respectively.
The emission reduction may be obtained for both exhaust
and non-exhaust emissions, considering the present
growth rate of vehicle population in Dhaka.

Gasoline quality improvement may have direct emis-
sion reduction benefits in case of countries like Bangladesh
where all vehicles used are imported, with little possibility
of technological modification. The overall toxic emission
reduction achievable by modifying fuel quality will be
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about 20% by the year 2010, whereas emission of canerase chain reaction (ISSR-PCR) using ten primers
cinogenic compounds like benzene may be reduced kyeach case. A total of 81 RAPD and 201 ISSR markers
about 60%, This itself would be a considerable emissioiere generated with 92.5 and 98% polymorphism res-

; fi Ustifi h f fuel litpectively. The average polymorphism information con-
mprovement. In addition. gasoline duali "im“fov‘l‘ﬁnae'rﬁ%m (PIC) for RAPD was 0.741 and for ISSR markers
P ' 9 q yimp it was 0.888. The Jaccard'’s similarity coefficient based

may result in reduction of pollutants like 1,3-butadieneOn RAPD and ISSR analysis was 0.480 and 0.257 respec-
Although the model developed in this study is based QRyely. Cluster analysis and cophenetic correlation
emission factors estimated using fuel quality model withoylye based on the ISSR data discretely separated the
reference to engine technology, estimates for reduction #gcessions, according to farmer's classification. This
toxic emissions from vehicles provide a good sensitivitgommunication reports genetic variallity in rice from
analysis. Assam using two méecular markers.
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South Asia Environmental Unit, World Bank, Washington, DC, 2000. markers, polymorphism information content.
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emission estimation of vehicular traffic in Delliransp. Res. D |ityl—3_ Presently these cultivars are facing threat from the

1998,3, 309-317. . - L . .
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6. Lindhjem, C. E., The effect of gasoline reformulation and sulphur Some traditional rice cultivars are being maintained in
reduction on exhaust emissions from post 1983 but pre-1990 velhhe Assam Agricu|‘[ura| University (AAU)7 Jorhat and else-

cles.Soc. Automot. Eng. Tech. Pap995, 950778. : : .
7. Faiz, A., Weaver, C. and Walsh, M., Air pollution from motor vehi-Where’ but they are neither exhaustive nor sufficient to

cles: Standards and technologies for controlling emissions. THE&Present fully the genetic diversity of the region. There
World Bank, Washington, DC, 1996. is also possibility of redundant or duplicatecassions.

8. Biniwale, R. B., Hasan, M. Z. and Singh, R. N., Air toxic emissiorHence their identification, conservation and classifan
inventory for mobile sources and fuel quality modeliBgc. Auto- are needed for utilization in breeding. Because of the
mot. Eng. Tech. Pap2002, 2002-01-2169. limitations of morphological and biochemical markers

9. Urban Transport and Environment Improvement Study, 2004v. . . !
adb.org/Vehicle-Emissions/ban/docs/BAN_TA3297_summary_Rpt.pdf efforts are being directed to use molecular markers for

characterizing germplasm divergityarker systems, in-

Received 8 Mayp006; revised ecepted 23 Julg007 cluding multiple arbitrary amplicon profilingMAAP)

approaches have been developed, such as random amplified
polymorphic DNA (RAPDY®, which have proven valu-

Genetic diversity analysis in able in rice genetic diversity studie¥. Another popular

diti | land ri 0O marker system, called Inter Simple Sequence Repeats
traditional lowland rice ( ryza (ISSRs), encompasses the broad taxonomic application of

sativalL.) of Assam using RAPD RAPD with the advantage of assessing variation in the

and ISSR markers number of SSR (microsatellite) Id&i*°. ISSRs are semi-
arbitrary markers amplified with one primer complementary
to a target microsatellite. Genetic diversity among 24 in-

Nipon Bhuyan, Basanta K. Boratt and digenous rice cultivars from various localitiesAxsam

R. N. Sarm&* was determined by RAPD and ISSR-PCR and the efficiency
Department of Agricultural Biotechnology, of the two markers was compared.

Assam Agricultural University, Jorhat 7&8.3, India Details of the 24 traditional lowland rice genotypes used

li’ﬁsﬁ]r_‘tsaddtf? Depa“Bmef‘tt °Jf Plant g"o'zcuéarlh?‘i'loc%;i”il"%’_s“y are given in Table 1. Seeds were collected from the Re-
of Delnl Sou ampus, benito Juarez Roaa, Delni , Inala . . .
Present address: Department of Plant Breeding and Genetics, glonal A_g”CUItural Research _Statlon (RARS)’ AAU. The
Assam Agricultural University, Jorhat 7883, India sar_nple includes the non-glutinous fractidthat belongs

to isozyme groups I, Il and V. DNA was extracted fol-
Genetic variability among 24 rice genotypes fronAssam  lowing the protocol of Plaschlet al*’, with some modi-
was assessed employing random amplified polymorphic fication. DNA was oltained from ten-pooled individuals
DNA (RAPD) and inter-simple sequence repeat poly- per accession to ensure better represenfafdA quality
was checked by electrophoresis ix TAE buffer. Quanti-

*For correspondence. (e-mail: ramen5in@yahoo.co.in) fication and purity analysis was done using UV-VIS spec-

CURRENT SCIENCE, VOL. 93, NO. 7, 10 OCTOBER 2007 967



