
tt a I

TNO-report
TNO.MEP - R 95/203

TNO lnstitute of Environmentat
Sciences, Energy Research and
Process lnnovation

Schoomakerstraat 97
P.O. Box 6011
26OOJA DELFT
Th6 Notherlands

Phone+31 15696900
Fax + 31 15 61 68 12

All dghts reserved.
No part of this publication may be
reproduced and/or published by print,
photoprint, microltlm or any other means
without the previous written consent o,
TNO.

ln case this report was drafted on
instructions, the rights and obligations of
contracting parties are subjected to either
the 'Standard Conditions lor Research
lnstructions given to TNO', or lhe rslevant
agroement concluded between he
contracting padies.
Submitting the report for inspection to
parties who have a direct int€rest is
permitted.

@ TNO

The TNO lnstiluto o, Envircnmerital Scbnce3 ls
engaged in 

'6s€atdr 
hto environrnenlel pollulkxl

arising rrorn human eciMies, and lo advbe
Gowmment rnd lndurtry m approprlate mea3ur€s
lo, environmenlal managsment wllh due ,EeEld to
lhe llmlls o, naturgl resilienc€.

Emission estimates of C2-CS hydrocarbons in the
Rijnmond area on the basis of ground level
measurements

att

autho(s):

M.G.M. Roemer

dale:

17 October 1995

ord€r no.:

53091

spollsot:

Ministry of Housing,
Environment
The Hague
The Netherlands

Spatial Planning and

Nethe&n& Orgsnization lor Applied Scientiric R€8earch.

The $andard Condltlons lor Res€ardr lnslructions
glvon to TNO, Lit€d at R€gistry ol the District Courl
and ihe Chamb€r ofCommerco h The llague
shell apply to atl hrtruc{q|s gilr€n to TNO.

lb-lIt



TNO-r€port

TNO-MEP95/203 3of65

Summary

The Netherlands Ministry of Housing, spatial planning and Environment has
commissioned a study to estimate, on the basis of an extensive series of measure-
ments at ground level at Moerdijk, the emissions of c2-c5 hydrocarbons in the
Dutch Rijnmond area.

This study was preceded by two earlier TNO-studies in which aircraft measure-
ments were used to estimate emissions in the Rijnmond area.

The long-term version of the Netherlands National Model (a Gaussian plume
Model) was used to calculate the average wind rose at the measurement site
Moerdijk (MC) from the collective and industrial emissions of the base year 1990.
Taking into account the background concentrations in the upwind air, a contribu-
tion was calculated of the emissions from the Rijnmond area to the measured con-
centrations in the northwest quadrant at Moerdijk. This contribution was compared
with the contribution shown by the measurements.

The study clearly showed that for distances over 20 km the calculated source con-
tributions with the lowest wind speeds are very clearly too high. Therefore, it was
decided to compare the calculated and measured contributions only in those situa-
tions where the wind velocity was higher than or equal to 3m/s.
The reactivity of the considered hydrocarbons and the consequent loss of mass
between source and receptor do not play a role as long as short transport times are
involved, except for propene. The loss of propene due to atmospheric reactions
between the most important source areas and Moerdijk is around 30 zo.

An important flaw of this study is the absence of sufficient data on concentrations
in the upwind air, the air flowing from the North sea, over the Rijnmond area in
the direction of Moerdijk. This flaw applies specifically to those species which
have both a small contribution from the Rijnmond area and whose background
concentration cannot be clearly determined with the aid of the available measure-
ment data. Ethene and propene are species for which this is a major problem.

The measurement data and the results of the calculations show that the ranking or-
der of the nine c2-c5 hydrocarbons in the Emission Inventory based on the
strength of the emissions in the Rijnmond area is different from the ranking order
of the emissions derived from measurements. The ranking order according to a
previous aircraft study agrees with the order found in this study.

The agreement between the emissions derived from ground level measurements in
this study and registered emissions is good for the pentanes and the butanes.
Propene emissions appear to be higher than those in the Emission Inventory. The
uncertainty margins for the propene emission estimates are very high. The ethene
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and acetylene emissions appear to be lower than the registered emissions. For
ethane and propane higher emissions were found than in the Emission Inventory.

The emissions found in the aircraft study are systematically and significantly
higher (a factor of about three) than the emissions derived in this study. A reason
for such a large systematic difference between both methods is (as yet) unknown.
validation of the method by calculations with No*, using six RIVM (National
lnstitute of Public Health and Environmental protection) measuring stations
around the Rijnmond area shows that this method gives substantial agreement be-
tween calculated and measured source contributions. The uncertainty margin of the
calculations is about 307o.

The validation of the method of calculation with the aid of NO* ground level mea-
surements shows that the emissions derived from aircraft measurements are proba-
bly (much) too high. Reviewing the results of both studies, it becomes clear that
the derived emissions of ethane and propane from the Rijnmond area are clearly
higher than the registered emissions. Given the large uncertainty in the emission
estimates of propene it is suggested that the propene emissions are possibly higher
than those in the Emission Inventory. For the other species both studies do not give
a clear indication that the emissions from the Rijnmond area are being either over-
estimated or underestimated.
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1. Preface

In 1989, by means of a limited number of aircraft measurements, emissions of hy-
drocarbons, nitrogen oxides and sulphur dioxide in the Dutch Rijnmond area were
estimated (Roemer et al., l99l). These emission estimates give an idea of the
emissions during a period of a few hours. comparison with annually averaged
emissions according to the Emission Inventory showed large differences, with the
exception of SO2 and acetylene. The estimates based on aircraft measurements
showed much higher emission estimates than the annually averaged emissions ac-
cording to the Emission lnventory. The large discrepancies are possibly caused be-
cause the comparison was made between annual averages and samples based on a
few hours. Because few sources are active continuously throughout the year, the
comparison with annually averaged emissions may give a distorted picture, espe-
cially for those species whose emission pattern can strongly vary over the day
and/or the year. In a second study the information stored in the Emission Inventory
on the variation of emissions with time in the Rijnmond area was used to focus the
comparison as accurately as possible on the hours in which measurements were
carried out (Berdowski et al., 1992). This study showed that by using this method
of comparison the emission estimates based on aircraft measurements were no
longer inconsistent with the registered emissions for benzene and xylene. For
ethane, ethene and propene it was unlikely that the emissions calculated according
to each method can be made to agree with one another. For propane, the butanes
and pentanes there was insufficient data to enable any pronouncement to be made.

The emissions calculated from aircraft measurements were based on no more than
a few measurements which were not necessarily representative for the annually
averaged situation. This disadvantage does not occur with ground level measuring
stations which carry out measurements on an hourly basis during a period of a few
years. The TNo ground level measuring station at Moerdijk (Moerdijk MC) which
measured CZ-CS hydrocarbons (ethane, ethene, acetylene, propane, propene, nor-
mal butane, isobutane, normal pentane and isopentane) on an hourly basis in the
period 1981-1991, has been used in this study to estimate emissions from the
Rijnmond area.

The emissions used are the emissions from three provinces; 7*eland, Noord-
Brabant and Zuid-Holland for the base year 1990. The concentrations at the recep-
tor point Moerdijk have been calculated with the Netherlands National Model, a
Gaussian Plume Model (SDU, 1976,1984). An important problem with this
method and the measurement data available is the lack of measurements on the op-
posite side of the Rijnmond area. Estimates of the hydrocarbon levels in the up-
wind air have been made on the basis of measurement data of an English North
Sea measuring station, analyses of the adjacent 'clean' west sector at Moerdijk and
with the aid of published background measurements above the North Sea and the
Atlantic Ocean.
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The findings concerning hydrocarbon emissions in the Rijnmond area do not stand
in isolation. From other (foreign) research it also appea$ that hydrocarbon emis-
sions could possibly be underestimated. As far as is known, these (American)
studies are especially concerned with traffic. In this study a literature search was
carried out to find as many publications as possible in which emissions based on
atmospheric measurements are compared with emissions according to Emission
Inventories.

This report is organized as follows. The most important results of the abovemen-
tioned literature search are dealt with in Chapter 2. Chapter 3 discusses the histori-
cal development of the emissions and hydrocarbon concentrations in the Rijnmond
area since 1971 . Estimates of the CZ-CS concentrations in the upwind air are given
in chapter 4. The core of this study, i.e. the evaluation of the emissions from the
Rijnmond area with the aid of diffusion calculations and the measurements of hy-
drocarbons at Moerdijk are discussed in chapter 5 (method) and chapter 6
(results).
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2 Survey of methods used to estimate atmospheric
hydrocarbon emissions

Emission estimates of hydrocarbons in the Rijnmond area by means of aircraft
measurements (Roemer et al., 1993) were based on the difference between hydro-
carbon fluxes downwind and upwind of the source area. The substantial dis-
crepancy (a factor of 3) between the emissions calculated from the measurements
and those registrated raised the following questions: l: what is the validity of
estimates based on only a few measurements? z: can we use other methods of
estimation? 3: What experience do other countries have with this kind of experi-
ments? A limited literature search was carried out to find a (partial) answer to the
last two questions. Although the literature search was limited, we feel that not
much more is known in this field than what was found in this study, based on
several discussions with experts in the Netherlands and abroad.
Outside the Netherlands (mainly in the USA) a few experiments and studies have
been carried out with the aim of comparing hydrocarbon emissions (co and No*)
as known from the various Emission Registrations with the emissions that are
necessary in order to explain the measured concentrations of these species in the
ambient air.

We can distinguish various methods:
. the source reconciliation method;
. tunnel studies;

' atmospheric measurements with emphasis on voSAto* and Co/Nox ratios;
' balance studies with and without the aid of aircraft measurements;

These methods and the accompanying frndings are discussed below. It should be
noted that this classification is not entirely unequivocal. Some studies can be
placed into more than one category. Nevertheless, this classification may be useful
to distinguish the various studies.

2.1 Source Reconciliation Method

The source reconciliation method calculates on the basis of measured atmospheric
(hydrocarbon) concentrations and hydrocarbon profiles from the source categories
the amount that a specific source category contributes fractionally to the hydro-
carbon concentrations (Mayrsohn and Crabt ree, 197 6).
In abovementioned article, which can be considered basic to the freld and in which
the composition of the air in Los Angeles was studied, six source categories were
distinguished: (1) traffic combustion emissions, (2) complete evaporation of
gasoline, (3) partial evaporation of gasoline, (4) commercial natural gas, (5) non-
commercial natural gas and (6) LPG (liquefied petroleum gas). obviously, the
choice of the dominating source categories depends on the area; in Los Angeles
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traffic is by far the major source. other studies also take into consideration
emissions from solvents or from refining. The number of individual hydrocarbons
measured should be larger than the number of source categories.
The method used is the 'least-squares' method where the square of the difference
between the calculated atmospheric concentration (by source profile and source
contribution) and the measured atmospheric concentration is minimized. This
method gives an understanding of the fractional contributions of the source
categories to the actual concentrations, but says nothing about the emission in
annual quantities by weight. The most significant findings of the five studies
falling into this category are discussed below.

Mayrsohn and Crabtree (1976) analysed the hydrocarbon concentrations measured
at three sites in Los Angeles in June and July of 1973 during three periods: at night
(02:00-o5:00h), during the morning peak traffic (06:0049:00h) and in the early
afternoon (12:00-14:00h). They found the following division of sources in Los
Angeles: 47Vo traffrc combustion emissions, 3l?o (parrial) evaporation of gasoline,
87o commercial natural gas and l4%o non-commercial natural gas. It is noted that
this study does not take into consideration the reactivity of the species, nor the
background concentrations. Due to the choice of species (low reactivity) and the
site of the measurements (dominating influence of nearby sources) neither of these
arguments is important. However, it is important that because species like toluene
are absent certain categories (solvents) are not, or not properly taken into account,
as a consequence of which the percentages mentioned should be regarded as upper
limits.

As part of the Los Angeles Reactive pollutant program (LARpp) this method was
applied to a large number of measurements which were carried out from heli-
copters above a specific area in Los Angeles (Feigley and Jeffries ,lg7g). Contrary
to Mayrsohn and Crabtree (1976), who calculated the contribution of natural gas at
22vo n total, Feigley and Jeffries found a contribution of no more than Tvo.They
attribute this to the fact that they included two additional species (hexane and
methane minus background).

This method was applied to an inventory containing many more hydrocarbons,
approximately 60 components in the c2-c1g series, for sydney (Nelson er al.,
1983). They made use of 137 samples, collected at three different sites in the city.
After comparing this inventory with a much larger one, (post, 1979) the inventory
was considered representative of the composition of the air. The division of hydro-
carbons over the source categories in Sydney was as follows: 36?o traffic com-
bustion emissions, 32vo complete and partial evaporation of gasolne,23vo
solvents, 47o natural gas leakage and Svo process emissions. The contribution of
process emissions was treated as a residual term. If for the Cz-Cl alkanes and
olefins the other source categories did not make up the full load the remaining part
was attributed to the process emissions category.

10 ol 65
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Two types of sensitivity calculation were ca:ried as to 1) the uncertainty margins
in the hydrocarbon measurements and in the category profiles and2) the reactivity
of the hydrocarbons, or to be more precise the individual difference in reactivity.
From the frst type of calculations, in which a Monte Carlo technique was used, it
turned out that the division over the source categories was stable. The relative
standard deviation of the source contributions ranged fuom21Vo for full gasoline
evaporation to approximately LlVo for traffic combustion emissions.
The authors chose the ratio of m,p-xylene to ethylbenzene as measure for chemical
activity because this ratio in the composition of emissions is more or less identical
for all the considered source categories (according to the authors) and because
m,p-xylene is broken down significantly faster in the atmosphere than
ethylbenzene. subsequently, the measurements, on the basis of this ratio, were
divided into a number of classes. It turned out that the source division was not very
sensitive to changes in the m,p-xylene/ethylbenzene ratio. It is not clear though,
whether this ratio is actually a good measure for the reactivity of the atmosphere.
The proximity of the sources and the fact that the measurements were made in the
morning when the reactivity of the atmosphere is still relatively low give cause to
suspect that uncertainties in the composition of the emissions can also have played
a role.

The source reconciliation method was also applied to measuring results from an
Atlanta study in 1990, in which hydrocarbons and co were measured during two
months at six sites in and in the vicinity of the city (Stevens et a1.,1993). The
distribution ofhydrocarbons overthe various source categories as fraffic,
evaporation, solvents and biogenic agreed well with the distribution according to
the emission registration of Georgia. Only the contribution of the biogenic
emissions was underestimated in the source reconciliation method, possibly a
consequence ofnot taking into account the reactivity ofisoprene.

The source reconciliation method was applied to 192 samples taken between 300
and 1500 metres altitude during six flights above Tokyo on 16 and 17 July 1981
(Wadden et al.,1986). Seventeen different hydrocarbons were measured, which
were attributed to five categories: traffic combustion emissions (77o), gasoline
evaporation (llVo), refineries (26Vo), paint solvents (27Vo) and others or
unaccounted for (29Vo). These findings are remarkable, not only because of the
large discrepancy with the previously mentioned cities (Los Angeles and Sydney),
but especially because of the discrepancy with the division according to the
Emission Registration of Tokyo, for which the percentages on an annual basis are
27 (combustion emissions plus gasoline evaporation), 5 (refineries) and 37 (paint
solvents). The authors put forward a number of reasons for the discrepancies. For
some of the flights the tracks flown were not representative for the average
emissions in Tokyo because they were either heavily influenced by one particular
source (refinery) or because they were above the inversion layer (in almost a
quarter of the cases (!?)). Moreover, it is not clear whether the background
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concentrations have been taken into account, which is especially important with
aircraft measurements.

The last in the series is a srudy by Heyes and williams (1993). They compared the
composition of hydrocarbons as found in measurements in Harwell (approximately
487 measurements between 1986 and 1990), Great Dunfield (166 measurements
between 1989 and 1991) and west Beckham (1g6 measurements between 19g9
and 1991) with the composition as known in the Emissions Registration for Great
Britain. Harwell lies northeast of London, while the two other stations are on the
coast. Seventeen individual hydrocarbons were analysed. Five source categories
were distinguished: traffic combustion emissions, gasoline evaporation, solvents,
gas leakages and industrial combustion emissions.

It is noticeable in the results that nothing fell into the category of solvents. The
authors put this down to the fact that species like octane and higher alkanes were
not included. Species that were measured,like toluene indeed exist in large
quantities in solvents, but so they do in traffic emissions. It is curious that in the
Tokyo study (wadden et al.,l9$6),in which practically the same measured
species were used as in Great Britain, emissions from solvents were especially
prominent. Moreover, in both Emission Registrations about the same percentages
are used for the contribution of emissions from solvents.
Furthermore, it is notable that the contribution of gasoline evaporation is much
higher (42vo\ in Harwell rhan at the other two stations (g and lgvo).Theauthors
attribute this to the disproportionately high concentrations hexane and butane in
Harwell during a number of years.

In a second phase of this study a diffusion model was applied that had been used
earlier for No* (simpson et a1.,1990). such a study is not directed solely at the
fractional contributions of sources, but also attempts to analyse the absolute
emission levels. In doing so, background concentrations from the Atlantic Ocean
and the influence of emissions from Europe are taken into account. with some
reservations the authors reach the conclusion that the results of this model suggest
that the total mass of VOC-emissions in Great Britain is underestimat edby 35Vo at
most.

2.2 Studies in tunnels and along roads

Tunnel measurements in which the concentrations in the air are measured at both
entrances of a tunnel (and sometimes halfway as well) are pre-eminently suited for
calculating the emissions from vehicles under realistic driving conditions (in the
tunnel). Extensive measurements have been done in a number of tunnels and along
several roads in the United States. With respect to Europe there are studies from
the Netherlands (Drechttunnel: Thijsse en den Tonkelaar, tggT),Belgium (De
Leopold II tunnel in Brussels: vanderstraeten et al.,l99l), Sweden (Klaratunnel in
Stockholm: Johansson, Berges, 1994; Tingstadtunnel in Goteborg: Barrefors and

12 of 65
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Petterson, L992), Switzerland (Gubristtunnel near Zunch; Staehelin et a1.,1994';,
Austria (Tauemtunnel: Gregori et al,1989) and Germany (the Elbe tunnel near
Hamburg: Dannecker et a1.,1990).

A well-known study that drew a lot of attention was the Van Nuys tunnel study in
1987 in Los Angeles (Ingalls et a1.,1987). The NO* emissions derived from the
measurements

agreed well with those based on the emission model EMFACTC, a model of the
Californian Air Resources Board (CARB). on the other hand, the Co and hydro-
carbon emissions derived from the measurements turned out to be, averaged over
all the experiments, higher by a factor of 2.7*0.8 and 4.ot1.8 respectively than
according to EMFACTc. A survey of the results of this study and of previous
American studies (tunnel studies as well as other studies) can be found in Pierson
et al. (1990). This article has been used as a guide for the following survey.

The Van Nuys tunnel measurements showed:
. that the discrepancies were particularly large with high speeds (19 experi-

ments); significantly smaller discrepancies occured in the case of two experi-
ments involving traffic jams, although in these cases the measurements were
not unequivocal.

. using EMFACTD hardly led to improvement in the equation.

' on the other hand, much better agreement was achieved when the EPA emission
model MOBILE 4.1 was used (discrepancy factors were reduced to 1.9 for co
and 1.7 for hydrocarbons; however, the predicted NO*emissions were approxi-
mately a factor of two higher than what was measured;

. as possible causes for the discrepancies can be put forward a) gasoline
evaporation during the driving (running-loss evaporative emissions) although
the indications for this are unclear, b) in reality the percentage of cars with high
emissions was far higher due to bad maintenance or tinkering with the emission
control system.

In 1991 and 1992 the US-EPA and Desert Research Institute carried out measure-
ments in the Fort McHenry tunnel (Maryland) and the Tuscarora tunnel @enn-
sylvania). The results of the experiments in the Fort McHenry tunnel showed that
the CO, NMHC and NO* emissions measured were higher than according to
MOBILE 4.1 for light vehicles (Light Duty Vehicles; LDV), but that for heavy
vehicles (HDv) there was good agreement (cadle et al., L993). In comparison with
MOBILES the LDV measured emission factors are in agreement for CO and
NMHC, but now NO* is being overestimated by 60Vo @ierson et al.,1994).
In the Tuscarora tunnel, where vehicles maintain a constant speed (on a level road)
good agreement was found for NO* for HDV on comparison with MOBILE 4.1,
but now it turned out that the measured CO and NMHC emissions were factors of
1.4 and 1.5 lower for LDV and factors of 1.4 and 1.6 for HDV @ierson et al.,
1994). Application of MOBILE5 in all cases (3 species; LDV and HDV) resulted in
a substantial overestimation by MOBILE5 of the emission factors measured. The
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agreement between emissions measured and emissions according to a model
(MOBILE 4.1) is (much) better for these runnels than for the van Nuys tunnel.
Possible causes are: a more constant speed and better maintained cars in the
previously mentioned tunnels and developments over the the last five years in the
emission models (Pierson et al.,1994). where the coa.[o* ratio and the
NMHC/NO* ratio are concerned the agreement between MOBILE 4.1 and the
measurements is rather good. On the other hand, the ratios for abovementioned
combinations in MOBILE5 are systematically lower than the measurements. An
important finding from the studies in the Fort McHenry and Tuscarora tunnels is
that upward slopes can lead to a factor of two increase in emission factors
(expressed in g/km), but show no discrepancy if the emission factors are expressed
in g/l fuel. Moreover, it was remarked that a substantial part of the emitted
hydrocarbons, and consequently a substantial part of the capacity of exhaust gas to
form ozone, were found in the heavier components, larger than c 19 @ierson e/ a/.,
t994).

Experiments in the Lincoln tunnel (New Jerseya.{ew york) in 1970 and l9g2
indicate that during this period the NMoc (Non-Methane organic compounds)
traffic emissions decreased by a factor of 4, and that for acetylene a reduction of a
factor of 6 had even been achieved (Lonneman et al., 1974;Lonneman et al.,
1986). The average CO/NMOCA.IO* ratio on a mass basis measured 10.212.6/l in
1970 and 6.511.811in 1982.

co emissions from cars (with spark injection, SI) and heavy truck traffic calcu-
lated from measurements in 1979 in the Allegheny Mountain Tunnel in penn-
sylvania tumed out to agree reasonably well (approximately I standard deviation
lower) with emissions calculated from MOBILEI and a factor of 213 too low when
compared with MOBILE2 (Gorse and Norbeck, 1981). No corrections were
applied for tail wind, slope and elevation of the road. Application of the first two
corrections would bring the CO emissions in agreement with the measurements.
The effect of the third correction is unclear.
Measurements in 1981 in the same tunnel showed identical results for CO. The
calculated emissions of Co and hydrocarbons, after application of the three cor-
rections, turned out to be in agreement with MoBILE2, as did the No* emissions
from diesel traffic. However, the NO* emission from Sl-cars calculated from the
measurements was a factor of 2 lower than the emission predicted on the basis of
MOBILE4.

on the basis of measurements n 1976 and 1977 along four motorways in Texas,
Bullin et al. (1980) reported very high emission factors for co (Tab. 2.3). The
value of these measurements is not undisputed (Sedefi an et al., 19g 1 ; Bullin and
Polasek, 1981). significantly lower co emission factors, which were more in
agreement with the tunnel measurements, were found in 1984, also on the basis of
measurements along a motorway in Texas (Hlavinka and Bullin, 1988).

14 of 65
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zweidinger et al. (1988) measured sF6 (as tracer), co, Nox and hydrocarbons
along a motorway (near to traffic lights) in North Carolina in 1983. The emission
factors on the basis of measurements were approximately 3o40vo lower (Co and
hydrocarbons) at low speeds (20 miles/hour) than those of MoBILE3, and for No*
a factor of 2 lower than MOBILE3. At higher speeds (35 miles/trour) the emission
factors derived from the measurements were higher than those in MOBILE3. For
NO* the discrepancy was a factor of 1.7, although due to the large variation in the
No* measurements this discrepancy was not significant. However, for co and
hydrocarbons the discrepancies were significant, factors of 3 and 2 respectively
higher than MoBILE3. The discrepancies could be caused by not taking into
account the evaporation losses in MOBILE3 and also not taking into account
emissions from heavy truck traffic and from cars without catalysts.

Less CO and hydrocarbons are emitted when driving is constant than when there is
much acceleration and braking. Kennedy et al. (1975) measured the emissions
from the exhausts of 45 trucks that drove a 9-mode FTP cyclus and a specific route
on the road. Contrary to circumstances in practice the cyclus contains hardly any
periods of acceleration or deceleration. The Co/HCAIox ratio changed from
l3ll.2ll during the FTP test to 2llz.zll on the road, in which case the co and
hydrocarbon emissions increased and those of NO* decreased.

Remote sensing of co in exhaust gasses in streets or along motorways has been
applied at a number of places in the united States, viz. Denver (Bishop and
stedman, 1989; stedman, 1989), chicago (Stedman and Bishop, 1990), Ute pass
colorado (stedman and Bishop, 1990) and Los Angeles (Lawson et a1.,1990). An
important finding which emerged from all the studies was that 8-l0zo of the cars
were responsible for 5O-557o of the CO traffic emissions. Although the older cars
contributed more than the newer ones, it was notable that in this last category some
cars were extremely polluting. Approximately lvo of the cars emitted more co (on
mol basis) than CO2.
Many of the emission factors (MOBILE and EMFAC) make use of so-called test
fleets of cars with the cooperation of volunteers. Research shows that precisely in
these kinds offleets the highest polluters are under-represented. lnstead of 8-l0vo
of the fleet, half the co emission derives from l7-20 vo of the fleet.
Many of the highest emissions in Los Angeles came from cars that were found to
be in order at their most recent (two-yearly) smog check or their I/lvI check
(Inspection and Maintenance) (Lawson et a1.,1990). The co and hydrocarbon
emissions of these cars were much higher than the emissions reported during their
most recent check. In almost half the cases their emission control systems had been
tinkered with.

In 1986 and 1987 TNo carried out measurements in the Drecht tunnel (a motor-
way) near Dordrecht. The emission factors found for co and No* from passenger
cars and light truck traffic agreed well (within l}-2Ovo) with those of the CBS
(1985). concerning heavy truck traffic there was agreement on co, but for No*
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the emission factor derived from the measurements was about half that of the CBS
(Thijsse and den Tonkelaar, 1987).

In the period December 1988 up to and including February 1989, ten measuring
campaigns were ca:ried out during peak traffic in the Leopold tr nrnnel in Brussels
(vanderstraeten et a1.,1991). During the peak traffic period the time spent in the
3 kilometre tunnel can run up to 1120 minutes due to traffic jams. The aim of the
measurements was to form an impression of possible health effects. The NO2A.[O
volumetric ratio, which comes to 0.04-0.08 in the case of traffic driving normally
can increase to 0.12-{.18 for stationary traffic. Likewise, the COA.lo* ratio can
increase from approximately 10 to up to 60 even.

The Elbe tunnel, a motorway tunnel near Hamburg, was the site of a study in the
period of August 1988 up to and including January 1989 into the emissions of
organic and non-organic gasses and aerosols from motor traffic (Dannecker er a/.,
1990). The most significant gaseous components (sampled on firters) were
benzene, ethylbenzene, the xylenes and some trimethylbenzenes, always in a fixed
ratio. (Toluene and the most volatile hydrocarbons were not sampled.)

Most of the results of a series of measurements in the Klara tunnel had not yet
been published at the time of writing (october 1994). The part which has been
published shows that the CO/NOX ratio calculated from the measurements was on
mass basis approximately thirteen.

The Tingstad tunnel is a motorway tunnel near Gothenburg where measurements
of hydrocarbons were carried out in 1991 and 1992 (Banefors and petersson,

1992). The highest concentrations of c2-c1o were measured when traffic jams
slowed down traffic. Assuming a ventilation speed of 5 m/s due to the speed of the
cars themselves, on the basis of the published measuring results over three days, an
emission factor for the sum of C2-C1g for fast traffic (6G80 km/h) is calculated at
between 0.6 and 1.7 glkrn. For the two days when traffic jams occurred and the
speed ranged from 0 to 70 km/h and between 0 and 40 km/tr a higher emission
factor was calculated, viz.2.9 and 4.7 glk,;rrr respectively.
However, the assumption conceming the ventilation speed is probably not tenable
in these two cases, because the vehicles through their movement contribute
significantly to the ventilation in a tunnel. The contribution on the basis of mass of
alkenes (Cz-Ce), alkanes (Cz-Cs) and aromatics (C6-C1g) amounted to l4Vo,32Vo
and 49Vo respectively.

The results of the measurements in the Gubris tunnel near Zurich were not
available at the time this was written.

The Tauern tunnel is a 7 kilometre motorway tunnel, about 80 km south of
Salzburg. The average gradient of the tunnelis I.SVo.In September 1988 Vienna
University organised extensive measurements in the tunnel with the aim of
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characterizing the traffic emissions more accurately (Gregori et a|., 1989).
Measurements were carried out on a Friday and Sunday in the tunnel section for
ascending traffic. The emission factors calculated from the measurements were:
15.3 2.6 glkm (CO), 2.3fl.6 g&m (NOr) and 2.0*0.3 g/km (hydrocarbons). A
comparison with emission factors 'registrated' (BUA Bern, 1986) shows that there
is very good agreement for hydrocarbons, that a slight overestimation (20?o)
occurs in the registration for NO*, and that CO is underestimated (20 and 1007o) in
the registration. Grigori et al. (1989) attribute the discrepancies to the elevation of
the road and argue that the emission factors mentioned are reasonably workable.

2.3 Atmospheric measurements at ground level

A number of studies has been carried out in which the vosarlo* ratio in the
atmosphere of cities was compared with those according to the Emission
Registration. Most of the (known) measurements are from the united States. A
survey of American studies in this field can be found in Pierson et at. (1990 and
1994). The general impression from these studies is that emissions of
hydrocarbons in urban areas in the United States, in which traffic emissions play a
major role, are substantially (factors of 24) underestimated in the Emission
Registrations.

Typical vos/Nox ratios found in many American cities are between 8 and 12 on
ppmC/ppm basis (Westberg and Lamb, 1985; Lee et al.,I9BB: Richter et a|.,1985;
Baugues, 1986; Kuntasal and Chang, 1987; Monis, 1990; Fujita and Croes, 1990).
The voSA.[o* ratio in the emissions in these cities is, according to the (local)
emission registrations, between 2 and 5. However, there are problems involved in
comparing VOS/I{OX ratios in emission registrations and atmospheric measure-
ments. One significant flaw of this comparison is that a substantial part of the NO*
emissions is emitted at a high altitude (100-200 metres or higher), whereas on the
other hand the hydrocarbons are almost all emitted close to the ground. As it may
be assumed that the No* emitted at high altitude has no influence on the No*
concentrations in the city, this leads to a higher VOS/NOX ratio in the measure-
ments than would be predicted on the basis of the registrations.
In addition matters like reactivity and interference of background air probably play
a minor role in most cities. In large cities with high NO* concentrations the con-
centrations of O3 and oH are generally so low that within a period of a few hours
only a very limited influence of chemical reactions on the concenffations can be
expected. Only for the very reactive hydrocarbons (like isoprene) can the chemical
reactivity lead to higher concentrations. For those cities in which biogenic emis-
sions play a not insignificant part, atmospheric decomposition could (possibly)
lead to an underestimation of the actual VOSAIOX ratio emitted.
Background air has a higher VOS/I{OX ratio than urban air. Thus it is possible for
the interference of background air to increase the VOSA.{O* ratio in urban
measurements. However, the concentrations of hydrocarbons and NO* in back-
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ground air are so much lower than those found at the centre of a (large) city that
this will not be of much influence.

A recent survey of CO, NMHC and NO* measurements in California suggests that,
taking into account the considerations mentioned above, the CoA.[o* ratio and
VOS/|'lOx ratio in the atmosphere are factors of 1.5 and 2-2.5 respectively higher
than the corresponding ratios as derived from the inventarised emissions @ierson
et al., 1994). Because of the site and the time of the measurements the cause of the
discrepancy must be found entirely in emissions from traffic.
Fujita (1993) investigated the trend of atmospheric concentrations in Los Angeles
over the period 1976-1990 and compared this to the trend of the registrated
emissions. Trends of CO, NMHC and NO* concentrations agree well, certainly for
the summer measurements, with the corresponding emission trends. For reasons
which are as yet unclear, the trend of the autumn measurements shows some
discrepancies, possibly due to the fact that interference in the morning of
accumulated air pollution is greater in the autumn than during the summer (pierson
et a1.,1994). Furthermore, it turns out that the atmospheric coa.{o* and
NMHc/No* ratios are factors of r.5-z and 1.7-3.4 respectively higher than the
registrated emission ratios and that these discrepancies have not changed much
over the entire 1976-1990 period.

There are few known hydrocarbon measurements for major European cities,
although co and No* are measured in many cities. During the last few years in
the Netherlands the RIVM has carried out co and No* (and other) measurements
at approximately l6 sites in Dutch towns. The RIVM distinguishes between street
stations and urban background stations. The CO/I.{O* ratio (on mass basis) varies
between 7 (vlaardingen and Amsterdam-North) and l3 (Haarlem). The average
ratio is 8.5. The ratio seems to be increasing slowly from g.3 in l9g9 to 9.0 in
1992.

Similar coa{ox ratios were also found for Hamburg and London (Umwelt-
behdrde, 1989; Derwent et al.,lg94). A co/Nox ratio of g-9 agrees very well
with that reported by the CBS for passenger cars in the built-up area (CBS, 1991).
However, when the average composition of the urban traffic is studied the
co/Nox ratio turns out to be considerably lower, approximately 4.5 (CBS, 1991).
Possibly the contribution of trucks and busses, which has a lowering influence on
the CoA'{o* ratio, is lower than average in the sEeets where the measurements
took place. Hourly atmospheric measurements of CO, NOr, SO2, e, COz andZg
hydrocarbons during a year (July 1991-July 1992) in the city centre of London
were used to estimate the emissions from London (Derwent et a1.,1994).By
means of the principal components analysis (PCA) the most important sources
were identified, i.e. traffic for almost all hydrocarbons, and natural gas leakages
for ethane and propane. Concentrations of SO2 and trans-2-butene were correlated,
which points to the possibility of this hydrocarbon being associated with industrial
combustion processes.
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Because of higher ethane concentrations in London as compared to those in
Harwell, the authors estimate that approximately rvo of the natural gas in the
distribution network is lost due to leakages.

With the aid of relatively simple distribution calculations and taking into con-
sideration the traffic flow intensity in London, the emission factors for acetylene in
the calculations were adapted in such a way that calculations and measurements
matched one another as well as possible. For acetylene different emission factors
were used for the morning and evening traffic peaks, namely 249 and 338 mg/km.
This is a higher value than the 163 mg/km as determined in test measurements
under urban conditions (Bailey et al.,1990; Bailey and Parkes, 1993). The
emission factor for co based on measurements:23.4-30.2 gltnagrees very well
indeed with the value from measurements at the exhaust: 2l.4tlo glkm. This
emission factor is close to the more recent American emission factors (derived
from measurements) for slow driving traffic.
Comparison of the emission factors for traffic calculated from this study (in which
emissions from the exhaust and through evaporation are accumulated) and the
emission factors as determined from measurements at the exhaust (Bailey and
Parkes, 1993; Bailey et al., L990) shows that the London study calculates higher
emission factors for the butanes (a factor of 2), acetylene (1.5-2), and lower
emission factors for ethene (0.7), toluene (0.5{.4), xylenes (0.25) and ethyl-
benzene (0.3). The emission factors of the remaining 10 reported species were
within limits. It is important to note that it is not clear how the 'registrated'
emission factors are compiled. It is possible that influences from findings from
atmospheric measurements have been taken into account @ggleston, 1993).

2.4 Aircraft measurements

Only one publication has been found in which aircraft measurements were used in
a similar way as in the Rijnmond study (Roemer et al.,l99l; Roemer et a1.,1993)
and in which an estimation of hydrocarbons is given as well. This concerns a series
of measurement flighrs carried out by the KEMA above the Botlek area between
1975 and 1978 (van Duuren et a1.,1979; KEMA, 1982). These measurements will
be discussed in chapter 3.

Potentially usable hydrocarbon measurements were carried out above London.
Upwind and downwind masses of air were sampled (Penkett et aI.,1993). How-
ever, the flights had a purpose different from that of estimating emissions of
hydrocarbons.

In order to follow the changes in emissions in the former GDR after the reunifica-
tion the SANA project has been launched. One of the programmes concerns
aircraft measurements of hydrocarbons (among other things) upwind and down-
wind of source areas. The results are as yet unknown.
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Sexton and westburg have carried out many measurements (hydrocarbons, Nox,
and 03) in the vicinity of source areas. These concemed ground measurements as
well as aircraft measurements, sometimes in conjunction. The emission from an oil
refinery in Robinson, Illinois was studied in June and July 1977 (sexton and
westberg, 1983). Approximately BV95vo of the NMHC emissions consisted of
paraffins, aromatics (5-l5vo) and olefins (l-Svo). The results agree with previous
studies at other refineries (westberg et aI.,1977; sexton and westberg,1979).
Estimates of emissions (in weight per unit of time) were not given.

A similar study was carried out in the vicinity of a large car respraying shop in
Wisconsin n 1977 (Sexton and Westberg). The highest concentrations measured
were successively of toluene, m,p-xylenes, o-xylene, ethylbenzene, methyl-
pentanes and n-octane. The measured ratio of toluene and xylenes agrees well with
the registrated ratio. Indeed, half the registrated emissions consist of oxygen-con-
taining hydrocarbons, especially acetone, methanol and acetates.
other studies refer to both large urban areas like chicago and Milwaukee
flMestberg et al.,l98l) and Houston (Sexton and westberg, 19g0) and smaller
urban areas (Sexton, 1983). In all these studies the emphasis was on the ozone
producing potential of the air parcels and not on the emissions themselves.

A discussion of the strategy of measurement and method of calculation used to
estimate emissions with the aid of (aircraft) measurements upwind and downwind
of urban areas is found in an article by Ching et al. (19g7) and a presentation by
Ching (1994)-

2.5 Traflic Emission Factors

Emission factors for traffic can be derived from both tunnel studies and atmos-
pheric measurements. It is interesting to compare these with the factors used by the
Emission Registrations. At the same time it can be established whether there are
differences between for instance the United States and Europe and which develop-
ments have occurred over the last lC-20 years. An important problem that occurs
with this kind of comparisons is that sometimes information is lacking on the
composition and speed of traffic. Also, it is often not clear whether the basis of
comparison is the same: is the evaporation of hydrocarbons included, is it an
average ofthe fleet ofcars or only ofpassengercars (gasoline), is it an average
local journey, or only valid at one specific speed, have temperature effects and
altitude effects been taken into account, etc.. The comparison has been divided into
four classes: emission factors from the individual registrations (Table 2.1),
measured and registrated emission factors at low speed (Tabl e 2.2) and, at high
speed (Table 2.3) and trends (Table 2.4).

On comparing the emission factors from the various emission models (Table 2.1) it
is noticeable that the emission factors used in Switzerland for passenger traffic are
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lower (CO and especially VOS) than those in the Netherlands, but in contrast those
for NO* are higher. In the Netherlands lower factors for all three species (groups of
species) are used for truck traffic. From the American Emission models it emerges
that emission factors for VOS and CO are higher (lV3OVo) at an altitude of 1700
mefres than those at an altitude of 150 metres and that the emission factor for NO1
is somewhat lower (Black, 1989). It is not clear whether a similar aspect has been
incorporated into the Swiss models.

In Table 2.3 it is noticeable that the emission factors based on measurements of
co, hydrocarbons and No* strongly differ from one another in three tunnel
measurements. The order from high to low is as follows: van Nuys tunnel, Fort
McHenry tunnel and Tuscarora tunnel. ln the case of the van Nuys tunnel there
was a substantial underestimation of the measured CO and VOS emission factors
by EMFACTG,later versions of the EMFACT series have been modified in such a
way that there might even be overestimation instead of underestimation. For
EMFACTG (1995) a triplication of the hydrocarbon emissions and more than a
doubling of the CO emissions apply in relation to EMFACTD (1988); NO*
emissions have been raised by 30vo (Fujita and Lawson, 1994). The same pheno-
menon, but less drastic is shown by the EPA models (compare: MoBILBt.l and
MOBILES).

Comparisons of the measured emission factors with those in models (registrated)
do not show an unequivocal picture. The impression is that the current emission
models are more in agreement with the measurements than those of a few years
ago. There is a much clearer picture where trends are concerned (Table 2.4). on
this point the estimates based on atmospheric measurements and the estimates of
the emission registrations agree extraordinarily well, both in California and in the
Netherlands. The NO* trend during the past 10-15 years is downward (California)
or absent (the Netherlands). The co trend was the same in both areas (an approxi-
mate reduction of 40vo), but hydrocarbons from traffic dropped far more in
Califomia (SOVo) than in the Netherlands (307o).

The developments in emission factors are very similar for the Netherlands and the
united States. ln the period 1975-1990 the emission factors for co and hydro-
carbons decreased by 807o and 707o respectively. For NO, there was a reduction of
507o (United States) and 25Vo (the Netherlands) over this period. The increase in
car traffic has meant that measures had little or no effect for NO*, but this did not
prevent an actual reduction in CO and hydrocarbons being achieved.

2.6 Conclusions

' The source reconciliation method shows that in American cities and in London,
traffic is the dominant source of hydrocarbons. This method enables the calcu-
lation of a relative source contribution (in a percentage of the total amount), but
not an absolute contribution (in tonnes per annum).
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Aircraft campaigns with the aim of estimating hyrdrocarbon emissions, have for
so far known only been carried out in or in the vicinity of the Rijnmond area.

A number of tunnel studies carried out in the 1980s showed significantly higher
emission factors for CO and hydrocarbons than those according to the emission
models. Modification of these emission models and a reduction of the acrual
traffic emissions per car have led to the emission factors of the emission models
agreeing reasonably well with the emission factors calculated from some recent
tunnel measurements.

coalox and NMHCA.Io* ratios from measurements in American cities are
significantly higher than those according to the emission registrations. The
repeatedly made observation from measurements that lo?o of the vehicles is
responsible for 50vo of the emissions could possibly be the reason. No studies
have been found that have ca:ried out similar analyses for European cities.

There is very good agreement between trends based on measurements and
trends according to emission models. This is the case for Co and hydrocarbons
and for No", and applies for the Netherlands as well as the united states.

The emissions from traffic have been substantially reduced over the period
19'15-1990 as far as co and hydrocarbons are concerned. For No* the
reduction is limited (United States) or even absent (the Netherlands).
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Table 2.1: Overview emission factors from emission modek at various velocities

Country Year Type Speed CO VOC NO, Ref
(mi/h) (dmi) (dmi) (dmi)

switz./Austria 1995 PKW 1) 3g 9,4 1,4 9,2 a
63 7,4 1,1 6,1
g1 17,3 1,3 7,7

LKW 2) 3g 6,2 4,9 22,4
63 g,g 4,2 39,4

The Netherlands 1985 private cars 44 11,7 2,O 2,7 b
63 14,7 2,2 4,7
75 20,2 2,4 6,6

truck 38 3,1 2,2 18,4
63 5,1 3,5 29,4

The Netherlands 1990 private cars 44 6,6 1,3 2,2 b
63 8,3 1,4 3,9
75 11,4 1,5 5,4

truck 38 2,7 1,8 16,5
63 4,5 2,9 26,4

u.s.A. 1985 LDGV 3) 20 19,1 3,5 2,0 c
HDDV 4) 20 12,4 4,6 20,5

a. BUA, 1 986 1) PKW Personen Kraft Wagen
b. cBS,i991 2) LKW LasrKraftwagen
c. # 3) loev Light Duty Gasotine Vehicle

4) nOOV Heavy Duty Dieset Vehicle

Table 2.2: Overview emission factors traffic from measurements and emission models
under low speed condirtons

Location Year Type Speed CO VOC NO, COA/OC/NO1 Ref
(mi/h) (dmi) (dmi) (g/mi) (No,=1)

North Carolina highway 1983 20 21,4 2,7 1,8 12,Olt,Sl1 a)

Mobile 3 21 29,7 3,6 9,1 9,6t'1,211
North Carolina highway 34 39,4 5,1 5,1 7,811,011 a)

Mobile 3 35 11,2 2,6 3,1 3,6/0,8/1
Van Nuys tunnel, LA 1 987 13 41 5 1 ,3 32,g4,Olt b)

EMFAC 7C 33,6 2,7 2,0 17,311,4t'l
Denver lnterstate ramp 1989 LDV 1) 2ts30 15-35 c)

Chicago lnterstate ramp 1989 LOV 27 20 d)

LosAngeles; street 1989 20 25 o)

UK urban (cold) 8,8 r)

UK urban (hot) 4,8 0

UK suburban 2,8 f)

London 199112 3748 >2,3 2,W,2 s)

The Netherlands, urban 1990 16 3,8 3,5 h)

a) Zweidinger el a/., 1988 e) Lawson et a/., 1990 1) mv Light Duty Vehicleb) lngalls, 1989; lngalls etal., 1989 f) Eggleston, 1993c) Bishops and Stedman, 1989 S) Denrvent et al., 1gg4
d) Stedman and Bishops, 1990 h) CBS, 1991
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Table 2.3: Overview emission factors trafic based on ambient air measurements and
from emission models under high speed conditions

24 ol 65

Location Year Type Speed
(mi/h)

CO NO, Refvoc
(/mi)

Lincoln Tunnel, NY

Texas lnterstate

Allegheny Tunnel, pA

North Carolina highway

Van Nuystunnel, CA
EMFAC 7C
Mobile 4

Fort McHenry tunnel
Mobile 4.1

Mobile 5

Tuscarora tunnel
Mobile 4.1

Mobile 5

Fort McHenry tunnel
Mobile 4.1

Mobile 5

Tuscarora tunnel
Mobile 4.1

Mobile 5

Drechttunnel, NL
Drechttunnel, NL
Tingstadtunnel, Sw
Klaratunnel, Sw
Tauerntunnel, Austria
UK highway

1970
1982
may 1976
jan.1977
aug. 1977
nov{ec 1977
nov{ec 1984
summer 1979
summer 1979
summer 1981
1983

1987

1 992

1 992

1992

1992

1986n
1986/7
1991t2
1992?
1988

LDVl)
LDV
LDV

41

41

4'.|

38-53

LDV 5H0

HDV2) 38-53

HDV

LDV >55
HDV >55

40-50

4G.45
56

144
44
65

119
24

0,9-1 ,6
16,7

14,3 1,6
34,9 4,7

21 2,7
7,5 0,7

(11,1) (1,6)

6,4 0,6
3,7 0,4
6,9 0,6

4,9 0,3
7,1 0,5

12,5 0,9

9,8 1,5
11,1 1,3
13,9 1,6

coA/oc/Nox
(Noel)

10,u2,611
6,511,911

>71>0,811

7,611,01'.1

13,911,711

5,3/0,5/1
3,5/0,5/1

7,8t0,8t1
6,1/0.6/1
5,3/0,5/1

12,710,911

'l2,olo,gl1
7,810,511

o,710,111

o,glo,1l1
0,8/0,1/1

0,310,041'l

0,4/0,06/1
0,4/0,06/1

1,71-11

o,5l-11

'12,71...1'l

6,6/0,9/1

>55
>55
>55
>55
>55

55
55
55
4'.|

a)

b)

c)

c)

c)

c)

d)

e)

0

s)

h)

LDV
LDV
LDV

=tt
4,6

1,6

1,4
(3,2)

0,8
0,6
1,3

0,4
0,6
1,6

14,4
14,5
17,O

19,5
19,2
22,4

4,5
15,8

3,7

5 0 6,0 0,7
9,5 1,1

9,9 1,3

7,9
8,0

'1,0-2,7

24,5 3,2
1,1

(0,3-2,9)
1,0

k)

k)

r)

m)

n)

o)

70

1) mv ugtrt Dutyvehcro
2) nDv xeavy Duy Vdride
a) Lonnenan et at,'tgz4
b) Lonnenan 6tat, l986
c) artln et d., i ggo

d) ma,int a and &lln, 1988

e) Hampron e, a/., r98g

f) Gonse and Nobeck, lggt

9) Gase, t g8a

h) areidhger et a/, 1 988

l) lngate tggg

l) H"oon rral., t994

(0,3-1

k) Th;sse and o en Tokehar, 1987

l) Barrelos gt P€tersson, 1s2
m) Jdransson, 1994

n) Gregorl et at.,1gg4

o) eggp"on, tggg
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Table 2.4: overview of trends of ambient air concentrations, trffic emissions and
emissionfactors.Base Year 1990 = 100

Location and kind Year CO VOC NO,
South Coast Air Basin CA
. traflic emission

. ambient air concentrations summer

The Netherlands
. tratfic emission

. ambient air concentration acetylene, Moerdijk

U.S.A.

average emission factors traffic

The Netherlands

emission factors private cars highway

The Netherlands

emission factors private cars urban area

1990

1985

1980

1976

1990

1 985

1980

1976

100

125

155

170

100

130

170

225

100

135

165

100

180

360

480

100

180

245
zt35

550

100

'170

235

410

520

100 100

150 120

210 125

240 120

100 100

175 120

200 140

195 140

1990

1 985

1980

1991

1981

1990'

1985

1980

1975

1990

1985

1980

1975

1970

100 100

118 96

132 99

1990

1985

1980
'r975

1970

100

140

100 100

160 130

270 175

380 200

100 100

160 120

190 140

380 135

470 12s

100 100

160 130

205 150

340 140

430 130
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3. Survey of hydrocarbon measurements in and around the
Rijnmond area

Since 1971 a number of Dutch institutes have carried out measurements of hydro-
carbons in and around the Rijnmond area. The most important findings from these
measurements, especially those conceming emission estimates for the Rijnmond
area, will be discussed individually for each institute. Finally, as far as is possible,
the developments of hydrocarbon emissions in the Rijnmond area over the 1970s
will be discussed.

3.1 KEMA

Between 1975 and 1978 the KEMA carried out sixteen flights around the Botlek
area during which, among others, 03, NO and NO* were measured (van Duuren et
a1., 1979: KEMA, 1982). During five flights hydrocarbons were sampled as well.
These samples were taken in such a way that average concentrations per track were
obtained. Measurements were carried out at a number of altitudes between 150 and
520 metres and in some cases between 150 and 610 metres. A further distinction
was made between an upwind track (track l), and two downwind tracks (2 and 3)
which were respectively just beyond the source area and at some distance from the
source area (8-18 km). A survey of estimated emissions based on the measure-
ments (supplied by the KEMA) shows that the emissions vary widely for four of
the flights (Table 3.1).
In two cases negative emissions were found because the concentrations in the up-
wind air were higher than in the downwind air. The possible influx of air with high
concentrations from above the inversion layer, into the mixed layer of the source
area could explain this, according to the KEMA.
Taking into account that the Botlek area is significantly smaller than the entire
Rijnmond area and that important sources of hydrocarbons exist west of the Botlek
area as well, it should be noted that the estimated emissions from flight number 13
are rather high. The estimated emissions from flight number 14 on the other hand
do not seem to disagree with the more recent TNO estimates. It is noted that there
were about 13 years between the KEMA and TNo measurements, during which
period major developments in the field of hydrocarbon emissions have taken place.
The impression from the KEMA study is that determining emissions with the aid
of aircraft measurements above a relatively small area surrounded by other source
areas is a very difficult matter.
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3.2 RI- (National Institute of Public Health and the
Environment

Since a few years the RrvM has carried out measurements of hydrocarbons at a
number of sites in the Netherlands. In the city centre of Rotterdam about 31 indi-
vidual components are measured with a frequency of 11 samples a week.
However, these concern the less volatile components co-cto amongst which
benzene and toluene. No measurements of the very volatile components (Cz-cs) in
the Rijnmond area are carried out.

3.3 TNO (Netherlands Organization for Applied Scientific
Research)

TNo has carried out hourly measurements of hydrocarbons (cz-cs) since July
l97l at the TNO premises at Delft. This series at Delft continued until, and in-
cluded, 1977.Tbe samples were analysed with the aid of the so-called direct injec-
tion method. This method has the disadvantage, especially in comparison with
more recent methods, that the detection limits are relatively high, varying from I
ppb for species like ethane and ethene to 4 ppb for the butanes and 5 ppb for the
pentanes. As a result, especially the butanes and pentanes in the less polluted wind
sectors were comparatively often measured below the detection limit.
The wind roses at Delft constructed on the basis of these measurements show that
the highest concentrations of C2-C5 hydrocarbons at Delft are found when the
wind comes from the Rijnmond area. In Chapter 3.5 the measurements from the
1970s at Delft will be discussed.
During the period 1982-1984 hydrocarbons were again measured at Delft, this time
with the same method of analysis that is applied at Moerdijk. With this method the
detection limits vary from 0.1 ppb to maximally 0.6 ppb.

Through the years TNO has operated three measuring stations in the vicinity of the
Moerdijk industrial zone. Measuring point MA, to the east of the industrial zone
and near Moerdijk village, was operational during the period 1975-19g5.
Measuring point MB, at the industrial zone itself, was operational for a fimited
number of years. Measuring point MC is located to the west of the industrial zone
near Klundert. Measurements were carried out here during the period 1981-1991.
After 1991 the measuring prograrnme was changed. Henceforth, only ethene,
acetylene and propene are measured. In addition, daily averaged concentrations of
CO-C1O hydrocarbons are measured at Moerdijk MC.

3,4 DCMR (Environmental Protection Agency Rijnmond)

The DCMR has been measuring cz-cs hydrocarbons at two sites (schiedam and
Maassluis) since 1974. rn 1976 a third measuring site was added, at Hoogvliet. The
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method of analysis used is the same method TNo used during the 1970s at Delft.
The drawback of a relatively high detection limit is less important in this case as
the levels are much higher than at Delft (DCMR 19g4). In l9g7 the measurements
were stopped.

According to an analysis by DCMR the levels at the Schiedam measuring station
are strongly influenced by local traffic, whereas at the Maassluis measuring station
the industrial emissions are the dominating factor.

3.5 Developments in hydrocarbon emissions in the R[inmond area
t97t-1984

In October 1970 the Rijnmond area was declared a Sanitation Area. In September
1971 the provisional Rijnmond Area Pollution Control Committee published an
outline plan consisting of three parts: 1) the reduction of the concentrations of air
polluting components under unfavourable conditions, 2) the reduction of the level
of air pollution with respect to the components odour, oxidants and dust, the high-
priority prograrnme, and 3) the quality control of all polluting components, the so-
called long-term programme (DCMR, 1973).In order to carry out the high-priority
prograrnme a study group was formed in November l97r with the aim of, among
other things, compiling an emission inventory of so2, Nox and hydrocarbons.
Two pollution controlling mquures were taken. The first, published on 21
February 1974, conce:rned the reduction of hydrocarbon losses. The aim of the
measure was to reduce the losses due to displacement or evaporation with tank
storage by 307o by I July 1975 and by 50vo by I January 197g. The second pollu-
tion controlling measure concerned the reduction of odour nuisance and probably
had little effect on the emissions of the cz-cs hydrocarbons (DCMR, 19g4).

Emissions
In the period 197r-1984 three inventory cycles took place, namely, a survey in
197l-1972 by the aforementioned study group and two surveys by TNo, the flrst
of which concerns the year 1974 (Report 2 Emission Registration) and the second
conceming the year 1983 (Report 13 Emission Registration). A survey of the de-
velopment in time of the registered emissions is given in table 3.2.
In the study by the study group four areas are distinguished, namely, the city of
Rotterdam, Pernis, Botlek and Europoort; at that time there were no industrial in-
stallations on the Maasvlakte. The emissions are further subdivided into five cate-
gories: ballast emissions, evaporative emissions from tanks, emissions due to the
filling up of cone-roof-tanks and emissions related to loading and cleaning tanks.
These emissions are, in fact, involved with storage and transfer activities.
The information in the Emission Registration reports has been obtained from the
categorie 'Industry' and subsequently subdivided by map squares of 5x5 km2
(1974\ or 20x20k'r?.
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The comparison can only be indicative as it is for instance not clear whether the
same definition of hydrocarbons has been applied, and because the categorie
'Industry' also comprises process emissions.
The proportion of emissions from storage and transfer activities in the total of in-
dustrial emissions in the Rijnmond area is estimated atTovo (DCMR, l9g3). The
hydrocarbon emissions from the Rijnmond area due to storage and transfer activi-
ties therefore seem to have decreased by about 45vo over the period 197 t-1994, at
least according to the Inventory. (See Tab. 3.2: 44.2 kton/yr n lgTl-L972 versus
24.Zkton/yr in 1983.) The question is whether this decrease of emissions is also
found in the measurement data of DCMR and TNO.

DCMR Observations
The conclusion drawn by the DCMR, based on its measurement data (DCMR,
1984), is that the emissions due to displacement when tanks are filled and tank
evaporation do not play an important role in the concentrations in Schiedam and
Maassluis, so that the effect of the first pollution control meilsure on the concen-
trations of the lower hydrocarbons in Schiedam and Maassluis cannot be made
visible amongst other interfering effects. Among interfering effects can be re-
garded, among other things, the influence from traffic.
A number of remarks can be made: In the first place, although the measuring point
at Schiedam is strongly influenced by the local traffic, Maassluis is a measuring
station with a dominant influence from industrial emissions, for most species,
which, considering the measuring station's location, is to be expected.
Furthermore, it can be remarked that the abovementioned conclusion is based on
an evaluation of monthly averaged figures. The course of the concentration at
Maassluis as function of the wind rose shows that the concentrations of saturated
hydrocarbons strongly decreased between 1974 and 197g, but that in l9g0 the
levels were again clearly higher (annual report DCMR 1980). As a cause for this
increase the DCMR suggests an increase in the oil flow in Rotterdam as well as
increased industrial activity. Moreover, it is notable in these wind roses that the
decrease in concentrations over the period 1974-1979 does not only occur in the
sectors Europoort and Botlek, but in most of the other wind direction sectors as
well.

TNO Observations
The course of the concentration levels of hydrocarbons in Delft with wind from the
Rijnmond-Rotterdam area over the period l97l-L984 is shown in figure 3.1. The
pentanes are not shown because of the large number of missing measurements. The
Rijnmond area is defined here by the wind direction sectors 151'-200 ". This
sector is rotated slightly to the east, as compared to its position on topographical
grounds alone. However, the wind has a tendency to back 10o-20o over somewhat
greater distances. If, however, the Rijnmond area were to be defined a little wider,
say lTlo-240o, the same picnrre would still emerge as in figure 3.1, although the
concentration levels would then be somewhat lower. For all seven species the
trend over the period l97r-1984 appears to be strongly decreasing (Table 3.3).
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When only the period 197l-1977 is considered, it appears that there is a downward
trend of 4-8Vo per year. When the years 1982-1984 are also included in the analysis
the downward trend is reduced to about 4vo pr year, which over a period of 13
years still means an important reduction. Figure 3.1 clearly shows that from 1974
onward the levels are significantly lower than during the three preceding years.
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Figure 3.la: Mixing ratios of ethene, acerylene and propene measured at Detft (Rijnnond

sector 151'-200")Irom l97I to 1984.
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Figure 3.lb: Mixing ratios of ethane, propane, n-butane and i-butane measured at Delft

(Rijnmond sector 15lo-200o) from 1971 to 1984.
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ences and the quality of the measurements. Variations in altitude of the mixing
layer and wind velocity can have a great effect on the concentrations, also on an-
nually averaged concentrations from a specific wind sector, especially when ex-
tremes occur during the winter months. The results of the measurements at
Moerdijk show that fluctuations from year to year are in the order of 3ovo,but
even a variation of 50-6OVo is not excluded. A study addressing the correlation
between high concentrations and exceptional meteorological conditions falls
outside the scope of this study. It is sufficient to note that the meteorological
conditions are an important factor in the interpretation of the measurement figures.

The measurements in 1982-1984 were carried out with a different method than
those in I97l-I977, with the important difference that the detection limit in the
1980s was substantially lower (roughly a factor of 10) than in the preceding
period.
(Observations below the detection limit have been assumed in the calculations at a
value equal to 213 of the detection limit.) The number of observations that, in the
period 1972-1977, fell below the detection limit was 20-30vo for propene and the
butanes and was aboutg}vo for the pentanes. However, the number of measure-
ments below the detection limit is significantly lower in the Rijnmond sector, so
that for the seven species considered in this study the change in detection limit has
probably been of limited influence.
Further examination of the figures shows that a proportion of the measurements
could be influenced by matters relating to the measuring technique. some widely
varying monthly averaged concentrations can hardly be explained in any other
way. Although such phenomena:re rare, their existence makes it impossible to
disregard the possibility of specific averages being influenced by erroneous indi-
vidual measurements which are now inconspicuously hidden amongst a series of
correct measurements. In the 1982-1984 series in Delft, as well as in the Moerdijk
series wide variations of this kind (on a monthly averaged basis) were not found.
Another indication of the possibility of interference by inaccurate measurements is
to be found in the trend of the concentrations in other wind direction sectors. Here
also, the levels in l97l-1973 were high.
No trend in the emissions is known that could explain the course of the concentra-
tions in the early 1970s. Quite to the contrary, for instance if these years are not
taken into account, then the trend in the continental sector, which is strongly influ-
enced by traffic, is more in line of expectations.

Thus, there are good reasons to be cautious in interpreting the measuring results
from the period 197l-1977.It will be considered whether it is possible to rid these
old data of measuring artefacts on semi-objective grounds. Although it is impossi-
ble to quantify trends at this time, it can nevertheless be observed that the figures
from the Rijnmond .uea very strongly point in the direction of a substantial reduc-
tion during the 1970s. Attention can be drawn to the fact that the levels in the pe-
riod 1982-1984 are clearly lower (25-40vo) than those in the period 1974-1977,
which themselves were lowerthan the levels of the frst three years (1971-1973).It
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cannot, at this moment, be substantiated that this reduction can be attributed to the
frst Pollution Control Measure, however, this does seem to be the most likely ex-
planation.

Table 3.1: Emissions of hydrocarbons (ton/day) in the Botlek area according to KEMA
measurementsl) and in the Rijnmond area according to TNO
*"otrr"^"n?)-

KEMA

flight nr.

13 14 15 16

22-2-77 15-3-77 16-8-77 6-4-78

TNO

3 flightsspecies

ethaan 75-100 18-24 <0 <O 17-61

etheen 9F125 8-11 <O <O 19

propaan 56-75 17-23 <0 <0 40-8i2

n-butaan 85-115 17-23 9-13 < O 4749

1) van Duuren eta1.,1979; KEMA,1g82
2) Roemer otal., 1991

3) the data used are:
. table 6 from 1), taking the ditference between track 1 and 2
. table 1 from 1); wind speed 6-8 m.s-1 , track tength 1 1 .S km
. height interval 370 m

Table 3.2: Overview of registered hydrocarbon emissions (ktonrjear) from the
Rijnmond area.

working groupt) Emission registration

first cycle second cycle

1971-1972 1974 1983

Europoort

Botlek

Pemis

Total

8.2

10.8

25.2

4.2

18.2

11.4

24.5

54.12) 34.63)

e4z)qt

1) DCMR,1973
2) The ar€as are delined as lollows (repon 2 Emission Registration)

Europoort: D8+E7
Botlek : F6
Pemis : G6

3) Total : C8+D7 (report 13 Emission Registration)
4) Tho estimated contribution of emissions by storage tanks is 70% (DCMR, 1983).
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Table 3.3: overview of tren"ds (vo/year) of hydrocarbons measured at Delfi for the
Rijnmon^d sector (l5oC-200o), at the 95Vo confidence level.

species period

1971-1977

34 of 85

1971-1977 +
1982-1984

197b1977 +
1982-1984

ethane

ethene

acetylene

propane

Propene

i-butane

n-butane

-6.919.3

-7.2t10.3

-4.4+ 4.2

-7.6 + 7.1

-6.4 r 4.0

-5.3 r 5.4

-8.315.4

-4.0 t 2.9

-4.4r.3.2

$.7 r.1.2

-3.6 12.4
-3.9 + 1.5

-3.9 i 1.7

-3.6 + 2^1

-2.5 r 3.5

-3.5 r 2.6

-5.6 r 1.5

-2.2!1.8
-4.1 r 1.9

-5.9 r 2.0

-2.6+ 1.2
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4. CZ-CS concentrations at the Moerdijk measuring stations

From 1975 until today, TNO has operated from one to three measuring stations in
and/or around the Moerdijk industrial zone. The aim of these measurements, which
were commissioned by the province of Noord-Brabant, was to make an estimate of
the c2-C5 emissions from the industrial zone (Den Tonkelaar and Thijsse, 1986).
The most suitable measuring station for this study is MC, the station on the west
side of the industrial zone, near Klundert. Air parcels advected directly from the
Rijnmond area to this measuring station are not signifrcantly influenced by nearby
sources. On the other hand, the measuring stations MB and MA, which are located
in the zone and to the east of the zone respectively, are affected by emissions from
the industrial complex. During the period 1981-1991, hourly averaged Cz-CS
samples were continuously taken, analysed and processed at this measuring station
(MC).The locally measured wind direction and wind velocity were included in the
record. The detection limit of the hydrocarbons measured at Moerdijk is: 0.1 ppb
for ethane, ethene, propane and propene, 0.2 ppb for acetylene and the butanes,
and 0.6 ppb for the pentanes. When concentrations fell below the detection limit,
substituted values have been used. A value of 213 of the detection limit was chosen
for this. The concentrations in the upwind air are such that for the pentanes
measurements below the detection limit occur very frequently, but this is very
rarely the case for the other species.

4.1 Source contributions at Moerdijk

An analysis of the annually averaged wind rose at Moerdijk shows that the hydro-
carbon levels in situ are characterised
by the marine and continental background concentrations and, in addition, by
contributions from three source areas nearby, namely, the Moerdijk industrial
complex (40o-80o), Antwerp with its harbour area (160o-200.) and the Rijnmond
area(290"-330o), see figure 4.1.
The concentrations from the Moerdijk industrial zone are very high for three
species: ethene, acetylene and propene. Also for the other species high contribu-
tions are found, but in these cases the elevations with respect to their background
levels are less than for the previously mentioned three species @igure 4.2).
The contribution from Antwerp (in the sense of an increase compared to the back-
ground level) is rather difficult to quantify because, seen from Moerdijk the har-
bour area of Antwerp, which is likely to be the major source area of the Antwerp
emissions, is located precisely at the transit point between the continental back-
ground and the marine background.
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Figure 4. I : Averaged concentration of i-butane per wind sector of l0o at DeW ( lgs2-
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Figure 4.2a: Annual average wind roses (wind speed 23 rns'l1 of ethane, ethene, acety-
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Figure 4.2c: Annual average wind roses (wind speed 23 ms-|1o7n-pentane and i-pentane
at Moerdijkfrom 1988 to 1991. Rijnmondsector: 290"_330".
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Easier to quantify is the increase due to emissions from the Rijnmond area, be-
cause the lowest concentrations measured in Moerdijk occur in the adjacent clean
west sector, and because the concentrations in the upwind air (the North Sea) are
lower still. Figure 4.2 shows that the concentrations of the alkanes in the Rijnmond
area are very clearly increased compared to the background level, that for propene
an increase is also found, but that the concentrations of ethene and acetylene are
not, or barely increased. This is a clear indication that the emissions of the alkanes,
and specifically of propane, n-butane, i-butane and ipentane are significantly
higher than those of the unsaturated hydrocarbons. This impression is confirmed
when the wind rose of the c2-c5 hydrocarbons measured at the TNo premises in
Delft is also taken into consideration (Figure 4.1). These measurements, over the
period 1982'1984, were carried out according to the same technique used at
Moerdijk MC. The wind roses of ethene, acetylene and propene in Delft showed
no increase compared to the continental background level. The wind roses of the
alkanes do show such an increase, in addition to which two maxima attract notice:
one in the southern direction and one to the southwest. The latter one points to the
direction of the Europoort area, where large tank farms are located.

4.2 Trends 1981-1991

In the study of trends of the annually averaged concentrations five wind direction
sectors have been distinguished, namely: the Moerdijk industrial zone, fujnmond,
Antwelp, "clean" and total, in which case all wind directions are included, except
those directly originating from the industrial complex. The pentanes were not in-
volved in this study because figures below the detection limit appear to be the
dominating factor.
It turns out that the five sectors have not undergone the same developments over
the 1980s (table 4. I ). The annually averaged concentrations in the sector of the
Moerdijk industrial zone vary very strongly from year to year, which results in
large standard deviations of the calculated trends. Significant downward trends
(within the 95vo confidence interval) are found in this sector for ethene and
propene. Ethane also shows a significantly downward trend, although this trend is
less marked than that of ethene and propene.
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Table 4.1: Trends of cz-cl hydrocarbons at Moerdijk over the peiod lgSl-tggl.
Uncertainty margins at 95Vo confidence level.

Wind sectors

Moerdijk
lndustry

(41"-€0.)

Rijnmond Antwerpen

(291.-330.) (161"-200")

clean all except

(41"-80.)

ethane

ethene

acetylene

propane

propene

i-butane

n-butane

-3.1+2.5

-5.113.3

-12.4120.9

-3.5r7.6

-7.1i5.9

-0.6+14.0

-2.316.4

-2.3+1.7

-5.913.2

-4.2!1.3

-2.713.0

-43i2.3

-2.9r3.5

-2.512.0

-0.8r't.2

-1.7t2.5

-2.111.5

-0.911.6

-1.612.6

+1.3*2.1

+1.012.1

-2.Oj1.1

-4.0*4.3

-3.7+1.6

-2.3t2.0

-3.8r4.4

-1.712.2

-2.5t2.1

-1.3r1.4

-2.7*2.9

-3.011.8

-1.2*2.1

-2.$j3.1

+0.813.1

-0.612.2

In the Rijnmond sector downward trends are found for all seven species in the
range of 2.5 to 6 per cent annually, only the trends of propane and lbutane being
not significant. The most remarkable trend is of ethene with an average reduction
in annually averaged concentration (forthis sector) ofabout 60Zo (Figure 4.3). For
ethene this trend has been compared with developments in the ethene emissions
from the Rijnmond area. In the second round of the Emission Registration (1981-
1984) an industrial ethene emissions of 2.7 ktontyear is given (vRoM, 1990),
whereas in the third round (1987) no more than 0.1 kton/year is registered as

industrial ethene emission (Publication Series Emission Registration no. 1, 1990).
The total ethene emission from the Rijnmond area decreased from 4.6 kton/year to
1.8 kton/year over this period, a reduction of 60 per cent, entirely in tine with the
developments in the ethene concentrations. According to the measurements, this
change took place mainly, or possibly entirely, after 1985 (Figure 4.3).
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Figure 4.3: Trends of c2-ca hydrocarbons at Moerdijk for the Rijnmond sector.

In the Antwerp sector the changes are much smaller than those in the Rijnmond
area, and for butanes there is even an increase (not significant). only acetylene
shows a significantly downward trend. When all wind directions are taken into
consideration, except for the Moerdijk sector, the trend of acetylene is the only
significant one. In ten years the average concentration ofacetylene has decreased
about3D%o. This agrees well with developments in the hydrocarbon emissions
from traffic during the 1980s. Road traffic is by far the most important source of
acetylene. Both in the Dutch and in the (west) German Emission Inventory the
hydrocarbon emissions from traffic have been decreasing since 1975. This
decrease was still small in the early 1980s, but becomes sftonger after that time.
The emissions in 1991 are 26 per cent lower than in lggl according to the
registrations, and when only petrol traffic is taken into account the reduction is
even 30 per cent, which is again in excellent agreement with the atmospheric
measurements.

4.3 Concentrations in the upwind air

Air parcels arriving at Moerdijk from the Rijnmond area are advected from the
North sea if straight trajectories were followed. The concentrations in the
Rijnmond sector seen from Moerdijk are the sum of the concentrations in the up-
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wind North Sea air and the contribution from the Rijnmond area. A correct budget

is achieved when the concentrations in the upwind air are taken into account.
Unfofirnately there are no measurements availabe which can be used to determine
these concentrations in the upwind air. The measuring station where CZ-CS hydro
carbons are measured and which would be most suitable for this study is the one at

West Beckham in East Anglia (England). During two years, from April 1989 to
March 1991, the University of East Anglia took samples with a frequency of twice
a week, which were not only analysed for C2-C5 species, but for higher compo-
nents as well. Unfortunately neither wind direction or wind velocity were mea-

sured.

To form an impression of the background concentrations estimates have been

made in three different ways, namely: 1) by way of the adjacent clean west sector
(from Moerdijk) with the condition of high wind velocity, 2) from the published
measurement results in Norway and Scotland, and 3) through selecting the
measurement data at West Beckham on a ranking order of the concentration levels.

West sector
The lowest concentrations at Moerdijk are usually measured in the west sector.

The air then flows in from the Atlantic Ocean, picking up emissions from a part of
England (e.g. London) and the Dutch province of Z.e,eland during the last part of its
trajectory. ln order to be able to minimize the influence of local emissions (0-100
km before arrival) it has been decided to calculate the average in this sector from
only those measurements carried out with a wind velocity of more than 4mls.
Nevertheless, it can be said that in this way certain concentrations will show an

overestimation of the actual concentrations above the North Sea because large
source areas in England have been crossed. The concentrations found in this way

should be regarded as an upper limit.

Penkett and Lightman have ca:ried out twenty aircraft measurements before the

coasts of England, Ireland and Scotland, during which very clean air from the
Atlantic Ocean was sampled (Lightman et al., 1990; Penkett et al., 1993). The re-
sults of these measurements can be regarded as a lower limit, as it is unlikely that,
on the average, air flowing in over the North Sea will have undergone no influence
at all by emissions from England, Scotland or Northwestern Europe.

The wind rose at West Beckham can roughly be divided into three more or less

equal sectors: wind from England and Scotland, wind from continental Europe,

and wind from the North Sea, the Atlantic Ocean and Scandinavia. For most

species the lowest concentrations ilre found in the North Sea sector. For three

anthropogenic hydrocarbons, acetylene, benzene and toluene a ranking order has

been established. Of the about 100 measuring results of West Beckham the average

was taken of the lowest third of the measurements, as being typical North Sea

background concentrations. For the concentrations so determined it made little
difference Q,A-3OVo) which of the three species determined the ranking order.
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A survey of the background concentrations is given in table 4.2.It turns out that
the concentrations derived from the West Beckham measurements fall somewhere
between the concentrations determined from the west sector and the concenffations
found in the aircraft measurements. In the calculations the West Beckham data has
been used. The two other estimates of background concentrations were used after-
wards to indicate the limits of the emission estimate.

Table 4.2: Overview of background concentrations (ppt)
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B2B1

ethane

ethene

acetylene

propane

propene

n-butane

i-butane

n-pentane

i-pentane

2200

1200

750

1 100

370

750

400

s 400

< 400

2100

600

600

900

1s0

800

400

250

400

2100

800

600

850

120

800

200

400

1 900

200

s00

600

50

2s0

150

100

100

A

B1

B2

c

Based on observations at Moerdiik in the clean sector (241 o-270") and with wind speeds >4 m.s -1

Aircraft measur€ments above scotland and lreland (Lightmann etal., lggo; penkett €lal., 1gg3)
Measurements at Birkenes, Nonrvay for wind from the UK (solberg et at., 1g94).
Based on measurements at W€st-Bsckham
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5. Description of the model and the calculations

The relationship between the concentrations of c2-C5 hydrocarbons measured at
the measuring station MC at Moerdijk and the registered emissions of these
species according to the Emission Inventory has been studied by means of a
diffusion model. On the basis of the data from the Emission Inventory wind roses
were calculated with the model for the Moerdijk receptor point, and these
calculated wind roses have subsequently been compared with the annually
averaged wind roses from the observations. Comparison of both wind roses gives
an idea of how much the Cz-CS emissions in the area around Moerdijk contribute
to the concentrations according to the Emission Inventory, and to what extent these
agree with the concentration contributions derived from the measurements.
Before being able to attribute meaning to the results of such a comparison, it is
necessary to quantify the limitations and assumptions of the method, and express
these in an uncertainty margin. In this study two paths were followed to form an
idea of the uncertainty margins of the method. The method has been tested for ni-
trogen oxides (NoJ, the emissions of which are considered to be better known
than those of hydrocarbons and of which far more measuring results are available.
Furthermore, a number of sensitivity measurements have been carried out to quan-
tify the influence of specific characteristics of the method.

Seen from Moerdijk, the Rijnmond area is located in north-northwestern direction.
In comparing measured and calculated wrnd roses, only the northwest quadrant
(270"-360") has been taken into account. The concentrations in this sector are
largely determined by the emissions from the northwest quadrant plus the so-called
pre-loaded air, which comes from the North Sea and/or parts of Great Britain. An
estimate of the pre-load was made on the basis of various measuring figures. The
range in the estimates of the pre-load is part of the sensitivity analysis.

5.1 Emissions

The emission data used in the calculations are the collective and industrial emis-
sions of the provinces Zuid-Holland, Noord-Brabant and 7-eeland. The base year of
the data is 1990.

Some of the emissions are registered under general terms like petrol or crude. The
proportion of a specific hydrocarbon in this group is expressed by means of a so-
called OM factor. The OM factors used are shown in table 5.1.
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Table 5.1: OM-factors (Vo).
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EH- Description
code

Ethane Ethene Ace- Pro- pro- n-bu- i-bu- n-pen- i-pen-
tylene pane peen tane tane tane tane

1201 HC alif. mixture crcro 2.0 1.0 5.0 1.0 25.0 10.0 2o.o Lo
1205 HC saturated ZS.O 2s.o

1030 HC saturated, Cr-C+ 2O.O

1110 HC saturated, C+-Cro

30.0 24.0 6.0

8.0 2.0 10.0 10.0

10.0

20.0 35.0 20.0

22.0 5.0 15.0 15.0

1208 HC alif. unsaturated

1212 crude

1214 petrol

1231 HC combustion nat. gas

1232 HC combustion oil

10.0

11.0

1233 HC combustion engines 1.4 7.gs 7.0 2.s g.t 2.1 1.05 2.s6 s.12
(perrot)

1236 HC combustion engines g.O 15.0 2Z.O g5.O g.5
(LPG)

1237 HC combustion engines 0.5 11.0 g.O 8.0
(diesel)

1238 HC combustion LPG 15.0

1239 HC combustion other gases 1O.O

1241 HC jet engines 15.0
1242 HC combustion engines un- 1O.O

specified

1250 natural gas 5.0

2931 species heated oil >500"C 5.0

0.9 0.04

5.0

The industrial and collective emissions from the Rijnmond area, the area defined in
this study as enclosed by the Amersfoort coordinates (445430,60-g0 and 440-
430; 80-100), the emissions from Dordrecht (430-420;100-l2o) and the emissions
from The Hague (460-445;70-90), are shown in table 5.2. compared with the
emissions used in previous studies, the aircraft studies (Roemer et al., 1991;
Berdowski et al.,1992). there are a number of small differences. The emissions of
acetylene used in this study are somewhat lower than those in the previous two
studies. on the other hand, the n-butane emissions turn out to be a little higher, as
do also the emissions of the sum of the pentanes. Larger differences occur with the
relationship of normal pentane and isopentane. pentanes are partly registered as
unspecified which makes a subdivision impossible. For this reason it is preferable
to compare the registered emissions and the emissions derived from measurements
for the sum of the pentanes.
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Tabel 5.2: Registered emissions (ton/day) in the Rijnruond area, The Hague and
Dordrecht.

species R91t2822) RgAO243l this study

ethane

ethene

acetylene

propane

propene

n-butane

i-butane

n-pentane

i-pentane

sum pentanes

2.5

7.2

5.5

6.1

4.4

18.7

6.2

7.6

15.2

22.8

2.5

7.6

6.6

6.1

4.4

17.3

6.0

10.4

11.4

21.8

2.3

6.7

4.6

6.5

3.6

20.9

6.2

14.5

10.6

25.1

1) the areas are defined by the lollowing map coordinates:
445-430; 6f80 + 440-430;8G-100 (Rilnmond)

(Dordrecht)

(Ihe Hague)

5.2

2)

3)

Model and definition model calculations

430420;10f120
46G-445; 7f90
R91/282: Roemer et€l., 1991

R92lO24: Berdowski et al., 1992

The model used is the long-term version of the Gaussian plume model (sDU,
1976; sDU, 1984). The climatology of Zestienhoven over the period r988-r99r
has been used in the calculation. A climatology consists of a frequency distribution
of 12 wind direction sectors (of 30' wide), three classes of wind velocity and six
classes of stability. Following a standard procedure, the model calculates long-
term averaged (in this case annually averaged) concentration contributions by wind
direction sector, from which an annual average follows. For the purpose of this
study a calculation modulus has been written that constructs a wind rose on the
basis of the concentration contributions of sources by wind direction sector. The
wind rose is calculated on the basis of 5o sectors. This is subsequently processed
into a moving average with a width of 35", in order to account for the atmospheric
diffusion.

The Gaussian plume model is a rather simple dispersion model that has proved its
worth for various applications in the past. It is based on a number of assumptions
which are important to know when assessing the results of the calculations. The
validity of the model becomes doubtful for distances over more than 30-40 kilo-
metres. The following should be noted:

' the coefficients of dispersion o, and 02 for large distances are only known as

extrapolated values (sDU, 1976). The assumption that the emitted species is
transported to the receptor point in a straight line does not apply for longer dis-
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tances. Also, for longer distances (i.e. longer transport times) the assumption of
stationary and homogeneous turbulence no longer applies. Finally, over longer
distances the change of wind direction with artitude is of importance.

' The wind velocity distribution is divided into three classes with typical wind
velocities of 1.45 m/s, 4.0 m/s and 8.0 m/s respectively. with distances of 25
km or more, a constant flow from a specific direction of five hours or longer is
assumed for the calculations in wind velocity class 1. In actual practice the flow
will not be constant with very low wind velocities, it will more likely come
from various wind directions.

' The velocity with which the emitted species is transported is equal to the wind
velocity near the source. over larger distances and when the species is dis-
tributed over the entire mixing layer, it is preferable to use an average wind ve-
locity over the mixing layer.

A number of these characteristics will be further discussed in Chapter 6 (Results).

with the model the contribution from the hydrocarbon emissions in the three
provinces at the northwest quadrant of the wind rose at Moerdijk is calculated. On
comparison with wind roses based on measurements in this quadrant the concen-
tration of the upwind air (North Sea/England) is subtracted so that the wind rose of
the measurements represents the (estimated) contribution from the Rijnmond area.
The concentration in the upwind air is based on three kinds of measurements: mea-
surements carried out at West Beckham, on the English North Sea coast, aircraft
measurements carried out above Scotland, and measurements at Moerdijk in the
adjacent west sector, in the direction of England (see also chapter 4). The average
values obtained from these various measurement series vary fairly significantly for
some species, which means that, when the emissions from the provinces are low,
there can be considerable uncertainty concerning the estimated emissions.

ln a first phase, calculations were made in which the species were assumed to be
inert, i.e. chemically non-reactive and not sensitive to deposition. The importance
of deposition is negligible for this group of hydrocarbons. The imporrance of
chemistry is not negligible, especially not for the very reactive hydrocarbons like
ethene and propene. In a second phase of calculations chemical reactivity was
taken into account as well. For the hydrocarbons an atmospheric residence time
has been defined which is inversely proportional to the product of the reaction
constant for the reaction with the OH radical and the assumed OH concentration.
For ethene and propene the reaction between these species and ozone has also been
taken into account.
For OH an annually averaged concentration of 8.105 molec/cm3 was used and for
ozone an annually averaged concentration of25 ppb. The ozone value is based on
measurements by the RIVM atZierikzee and westmaas, with selection of the
Rijnmond sector. Because no measurements are carried out for OH, the value used
of this radical is based on results from models. Comparisons between results from
various models show that the calculated OH concentrations can differ a factor of
two or more from each other. In air in which the NOx concentration amounts to 10

46 ot 65
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ppb or more, the concentration of OH is suppressed. Consequently, the chosen
value of 8.105 molec/cm3 is clearly lower than the average value based on conti-
nental diffrrsion models, in which the NO* concentrations hardly ever reach such
high values.

The values chosen for OH and ozone give a chemical loss rate for propene of about
lOVo per hour. Assuming a transport time of about 3 hours for an air parcel to cross

the distance between the Rijnmond area and Moerdijk, this would mean that
chemistry would be responsible for a substantial reduction of the propene concen-
trations. For the remaining species the average reduction due to chemistry is sub-
stantially smaller. However, for wind velocity class 1 (1.4 m/s) the importance of
chemistry increases also for a number of other species because the ffansport time
increases to 8-10 hours.

The following four types of calculation have been carried out with the model:
1. species treated as inert;
2. as l, but with wind velocity classes 2 and 3 only;
3. as 2, and species treated as chemically reactive;
4. as 2, but with a certain diurnal variation of the emissions;

Three types of calculation have been carried out with a climatology from which
wind velocity class 1 was left out. The reason for this is that the contribution by
wind velocity class 1 receives undue weight in the calculation. It assumes a steady
flow of air with an average wind velocity of 1.45 m/s during a period that, for the
distance coastal-Rijnmond to Moerdijk, can take up to 8 hours. Analysis of the
measurement data shows that with these kinds of low wind velocities the source
contributions in the wind rose are far more difficult to recognize because the wind
"is coming from all directions". When the concentrations measured at Moerdijk in
the Rijnmond sector are averaged by wind velocity class (with a width of 1 m/s),
the concentration for the higher velocities is inversely proportional to the wind ve-
locity. On the average, the highest concentrations are measured at around 3 m/s.
For even lower velocities the concentrations measured decrease again. On the
other hand, the model assumes that the concentrations are inversely proportional to
the wind velocity. The contribution of the lowest wind velocities to the

concentrations calculated this way is much higher than is justified on the basis of
the results of the measurements.

A better approach therefore is to leave out the lowest wind velocities. The compar-
ison is then with wind roses in which only measurements have been selected with a
wind velocity during the measurement of 3 m/s or more.

The fourth type of calculation was carried out to obtain some idea of the influence
of the day-night pattern of the emissions on the concentrations calculated. In the
first three types of calculation annually averaged emissions were used which were
equally divided over day and night. Many source categories have a source pattern
in which the majority of the emissions take place during the day. The characteris-
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tics of the atmospheric dispersion are not identical during the day and during the
night. In general the contribution of a specific amount of emitted species to the
concentration at the receptor point will be higher at night than during the day. At
night the stability of the atmosphere is often higher than during the day, which
hampers the diffusion of the species and consequently keeps the plume "more con-
cenffated".

calculations have been made for wind velocity classes 2-3 alone, in which:
' traffic emissions during the day (06.00h-18.00h) were setatTivo of the twenty-

four hour average, and

' the evaporative losses from storage tanks occur for 1007o during the day. These
emissions from storage tanks make up 28Vo of the ER-I registered emissions in
the oil industry (SBI code: 28) and S\vo of the ER-I registered emissions from
the warehousing and storage activities (sBI code: 763). (source: Emissies in
Nederland-I992, Berdowski and Jonker, 1992.)

No division into seasons was made.

€ot 65
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6. Results

The results of the calculations of type 2 and 4 (see Chapter 5) will be presented
and discussed in this chapter. Type I shows unrealistically high contributions for
low wind velocities. Type 3, in which the reactivity of the species is taken into
account, shows substantial changes for propene only. This aspect will be discussed
later.

The measurements and the calculations show that in the northwest quadrant (270" -

360") the lowest concenffations (or concentration contributions) occur in the west-
em direction (270"). The maxima in the measurements are found at 315", except
for ethene and acetylene for which the maxima are more to the north (355'). The
maxima in the calculations are 335o-340o, except for ethene and acetylene (350o-
355'). Based on meteorological considerations, it is reasonable to assume that for
longer distances the emitted species does not travel from source to receptor in a
straight line, but along a somewhat curved trajectory. A displacement of 10o-20o in
the wind rose is quite possible. The contributions measured will always be a little
displaced in an anti-clockwise direction.

On comparing the "measured" wind roses with the calculated wind roses, the fol-
lowing procedure has been followed. Regarding the measurements (wind velocity
larger than or equal to 3 m/s) the concentration increase has been plotted against
the value at 2700 . For the calculations (classes 2 and 3 only) two wind roses were
made. Wind rose 1 gives the increase set against the contribution at 270o, in which
case a fixed background concentration (column A in table 4.2) is assumed. Wind
rose 2 gives the increase set against the contribution at 270" over the sector 270o-
300" and the increase set against an other, lower background concentration
(column C in table 4.2) over the sector 300o-355o. In this case it is assumed that
the concentrations measured at West Beckham represent the background level be-
tween 300o and 355'. This second approach would appear to be the more plausible
one, although disagreement is possible over the values used (e.g. when to change
the background level). lntegration ofthe surface below the curves between 270o
and 355o produces the contribution from the Rijnmond area to the wind rose at
Moerddk (Table 6.1).
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Table 6.1: Comparison between measured and calculated integrated contibutions to
the wiltdrose at Moerdijk (270.-355.) for different backgrounds.

A
observa-

tions

81)
calculations
background

1

calculations
background

2

NB A/D3)

ethane

ethene

acatylene

propane

propene

n-butane

i-butane

n-pentane

i-pentane

sum pen-
tanes

67

8.8

7.6

125.7

32.8

151.5

58.7

>34.8

110.6

>145.4

17.5

50.0

3s.5

50.0

30.5

172.5

5't.5

1 19.5

88.0

207.5

10.9

25.8

27.3

25.8

5.3

't72.5

51.5

87.8

88.0

175.8

3.8

0.18

o.21

2.5

1.1

0.9

1.1

>0.3

1.3

>o.7

6.1

0.34

0.28

4.9

6.2

0.9

1.1

>0.4

1.3

>0.8

6.1

0.64

o.28

4.2

3.9

0.9

1.1

>0.4

1.3

>0.8

:l Background 1: background based on conc€ntrations maasured in the adjacent cl€an west sector;z) Background 2: background based as 1) br 270'-300'and based on measurements at west
Beckham for 300.-3SS";3) Background 3: background based as 1 ) for 270'-300. and based on m€asuroments at BirkEnes
(Nonrvay) tor the sector BOO.-0S5. (column 82 in Table 4.1)

The concentrations of pentanes (especially n-pentane) measured at Moerdijk with
wind from the west, are mostly below the detection limit of pentane (0.6 ppb). In
such cases a value of two thirds of the detection limit (being 0.4 ppb) has been
used (Roemer et al., 1995). This value is clearly higher than the background value
of n-pentane derived from other measurements. Therefore, it is likely that the in-
tegrated contribution of n-pentane derived from measurements will be (somewhat)
higher than the value tabulated in column A of table 6.1.
The ratio between the concentration contribution derived from the observations
and the calculated concentration contribution based on the registered emissions,
such as presented in Tab. 6.1, is for a given background concentration proportional
to the ratio between the actual ambient emissions and the registered emissions
from the lnventory.

The use of a different background level has evident consequences for some species
(ethene and propene). For propene it makes just the difference between good
agreement and very poor agrcement. For species for which the contribution of the
Rijnmond emissions to the concentrations at Moerdijk are apparently small, the
emission estimates are very sensitive to the background level used. This is clearly
a limitation of this method. For acetylene the contribution from the Rijnmond
emissions is also small, but due to acetylene's longer atmospheric lifetime (a few
weeks) the background concentrations are far less variable than those of ethene
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and propene. Consequently, the estimates of the emissions are less sensitive to the
background concentration used.

The calculations give the following picture: the emissions derived from measure-
ments of
. ethane and propane are higher than the ER figures, those of
. acetylene and ethene are (much) lower than the ER figures, those of
. propene are very difficult to determine, and those of
. the remaining species agree reasonably well.

chemical reactivity plays a major role for propene only. By taking this into ac-
count, the contribution of the Rijnmond area to the wind rose calculated works out
30vo lower for propene than the value presented in table 6.1 . The consequence of
this is that the emissions of propene should be even higher in order to comply with
the observed wind rose.

when instead of twenty-four-hourly averaged emissions, emissions are used for
which, for certain source groups (see Chapter 5) a simple diurnal variation is ap-
plied, the calculated contibutions of the Rijnmond area to the wind rose at
Moerdijk become smaller. However, the difference with the calculations based on
twenty-four-hourly averaged emissions is very limited. The relatively largest re-
ductions are found for acetylene (-6vo) and ethene (-5vo), species for which traffic
is the dominating source category in the Rijnmond area. For propane a reduction of
47o is found, for the remaining species reductions varied between lVo and3Vo.The
relatively small difference between both types of calculations can be understood
from the fact that differences between daytime and nighttime dispersion are small-
est precisely for wind from the sea. Application of the diurnal variation of the
emissions is not of significant influence on the findings derived from table 6.1.

The results from table 6.1 give an impression of the relationship between emissions
derived from measurements and registered emissions. However, the method itself
(the use of the previously described model) exerts a specific influence, which has
not yet been filtered out of the figures of table 6.1 . In order to obtain an idea of the
model's performance, validation calculations have been carried out with No* as

test species. The emissions of NOx in the Netherlands are reasonably well-known.
The concentrations of Nox in the Netherlands are also well-known, due to the
network of RIVM measuring stations throughout the country. By analysing the
measuring data of Noy over the period 1988-1991 from six measuring stations
around Rotterdam a picture was obtained of the contribution of the NO1 sources in
the studied area to NO* concentrations at the stations. This contribution was com-
pared with the contribution calculated in the same way as for the hydrocarbons. By
applying this method, omitting one of the six measuring stations, an uncertainty
margin was calculated (Huygen, 1995). The most important finding is that the ratio
of calculated contribution to measured contribution is 1.3 + 0.4. This minor under-
estimation of the measured contributions could be caused by a minor underestima-
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tion of the actual NO, emissions, as well as by a systematic underestimation of the
concentrations by the model calculations. The figures in table 6.1 should be re-
garded in the light of the NO* results. For instance, the ratio between calculated
emissions and registered emissions is 1.3 for isopentane (last column table 6.1).
Assuming the registered Nox emissions correspond well with the "actual" No*
emissions, the same can then be concluded for isopentane (based on the last col-
umn of table 6.1).

In how far is this method usable to determine emissions in a certain area more
specifically? If the method implies estimating emissions on the basis of measuring
results from various measuring stations around the studied area, then, based on cal-
culations for No;6, an uncertainty margin of 2o-30vo seems likely. At the same
time, a slight tendency of the model towards underestimation of the concentrations
measured cannot be ruled out. However, when there are fewer measuring data the
reliability of the emission estimates becomes smaller. Based on the measuring data
of mainly one measuring station, the method rapidly shows uncertainty margins of
up to a factor of two. In general, the unreliability of the method will be large when
the contribution from the emissions from the studied area to the concentration at
the measuring point is small in respect to the (largely unknown) background con-
centration.

The ratio's between "measured" and "registered" emissions as presented in table
6.1 can be compared with those from the aircraft study (Berdowski et al.,lggz),
see table 6.2.

Table 6.2: Ratio between emissions deived from measurernents and emissions accord-
ing to the Inventory. Findings of this study as well as of the aircraft sndy.

flight:

26-01-89

flight:

24-05-89

NONC

ethane

ethene

acetylene

propane

propene

n-butane

i-butane

n-pentane

i-pentane

3.8

0.18

0.21

2.5

1.1

0.9

1.1

>0.3

1.3

6.1

0.34

0.28

4.9

6.2

0.9

1.1

>0.4

1.3

6.1

0.64

0.28

4.2

3.9

0.9

1.1

>0.4

1.3

10.2

1.9R3)

0.6

6.2

2.8

2.9

3.6

3.5

2.4

21.3

_4)

0.8R3)

12.8

2.2R3)

3.6

3.9

2.6

3.5

1)

2)

3)

4)

See table 6.1;
The weighted emissions are used (Berdowski et al., 1gg2);
R: within the uncertainty margins of the measurements;
-: no measurements.
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The aircraft measurements showed that the emissions of ethene, acetylene and
sometimes propene agreed well with the ER figures, and that for the alkanes the
emissions might possibly be (substantially) higher. From this study it emerges that
the emissions derived from measurements of most of the alkanes agree reasonably
well with those of the ER (with the exception of propane and, especially, ethane),
but that the emissions of ethene and certainty acetylene are now much lower than
those in the ER.

It could be said that the picture has changed totally, on the other hand the ranking
order of species according to the strength of the emissions estimated from mea-
surements, is almost identical for both this study and and the aircraft study. And
this ranking order is clearly very different from the one according to the ER. It is
sufficient to compare the total emissions for the Rijnmond area (Table 5.2) with
the concentration increases measured in the Rijnmond sector (Fig. a.2). Figure 4.2
shows that the increase in concentration of propane is comparable to that of n-bu-
tane, while the registered emissions of propane are a factor of three lower. The
registered ethane emission is, for example, lower than the registered acetylene
emission, whereas on the other hand figure 4.2 shows a much higher contribution
from ethane than from acetylene.

It is not clear why the emissions derived from aircraft measurements are signifi-
cantly and systematically higher than those derived from ground level measure-
ments. This difference amounts to a factor of about three for all species, except
propene. A possibility could be a systematic overestimation in the aircraft study
due to the taking of non-representative samples, which happened to be much too
high for all four flights. Another possibility is that the calculations in this study
systematically overestimate the observations because, for instance, in reality the
plume from the Rijnmond area does not "completely touch" the measuring point at
Moerdijk. However, this does not seem very probable. such effects do exist, but
not over distances of 20-40 km, amd not to that extent that large systematic differ-
ences can be explained in this way.

On the basis of the findings with NO* as test species for the model calculations, it
seems as if the differences between the emissions derived from aircraft measure-
ments and those based on ground level measurements are caused in the first place
by a systematic overestimation of the emissions based on aircraft measurements.

On the basis of the findings from the aircraft studies together with the findings
from the present study, it can be concluded that:

' the ranking order of hydrocarbons according to the strength of the registered
Rijnmond emissions is definitely different from the ranking order based on
emissions derived from measurements;

. the emissions derived from measurements of ethane and propane are clearly
higher than the registered emissions;



TNO.MEP 95203
Stol 65

' the propene emissions are possibly also higher than registered;
' for the remaining species it is not unequivocal whether the registered emissions

are underestimated or overestimated.
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7. Conclusions and recommendations

On the basis of the calculations and the comparison with measured data, the fol-
lowing conclusions are drawn:

A method in which emissions of a source area are estimated with the aid of a
Gaussian plume model on the basis of measurements from one ground level
measuring station only, produces large uncertainties in the emission estimates.

The estimated emissions are especially uncertain for those species for which
both the contribution of the complex is limited in respect to the background
level, and for which the average background level is difficult to determine.

The method discussed in this study (based on one measuring station only) is
suitable only for bringing to light large discrepancies (a factor of two or more)
between registered and actual emissions.

Application of this method using data from various measuring stations around
the emission area, produces a substantial reduction of the uncertainty margins
of the emission estimates as compared to the method with one measuring point
only.

The ranking order of the nine C2-c5 hydrocarbons on the basis of the strength
of the emissions in the Rijnmond area according to the Emission Inventory is
clearly different from the ranking order based on the emissions derived from
measurements. The ranking order on the basis of ground level measurements
agrees with the ranking order according to the aircraft measurements.

Reasonable agreement was found between the emissions according to the
Emission Inventory and the emissions derived from ground level measurements
for the butanes and the pentanes. Substantial and significant underestimation of
the emissions by the Emission Inventory was found for ethane and propane.
The emissions in the Emission Inventory of ethene and acetylene are clearly
overestimated in comparison with the measurements, those of propene possibly
underestimated. The uncertainty margins of the calculations for propene are
large (and unclear) to such an extent that it is difficult to indicate the
significance of the discrepancies for these species.

The results of the present study in combination with the aircraft study indicate
an underestimation in the Emission Inventory of the emissions of ethane and
propane from the Rijnmond area. For the other species there are no clear indi-
cations that the emissions from the Rijnmond area are being overestimated or
underestimated.
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The most important conclusions which can be drawn from the literature search are:

Aircraft campaigns with the aim of estimating hydrocarbon emissions have, so
far known, only been carried out in or around the Rijnmond area.

There is very good agreement between trends based on measurements and
those according to the emission models. This holds good for co, hydrocarbons
and NOa, both in the Netherlands and in the United States.

Atmospheric measurements and measurements in tunnels with the aim of esti-
mating traffic emissions of hydrocarbons, co and Nox sometimes show sub-
stantial differences with the registered emissions. European studies, however,
do not indicate a systematic underestimation of the traffic emissions by the
Emission lnventory.
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