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Air Pollution from Truck Traffic and Lung Function
in Children Living near Motorways

Bert Brunekreef,! Nicole A. H. Janssen,? Jeroen de Hartog,' Hendrik Harssema,*
Mirjam Knape,? and Patricia van Vliet*

The contribution of motorized traffic to air pollution is widely
recognized, but relatively few studies have looked at the respi-
ratory health status of subjects living near busy roads. We
studied children in six areas located near major motorways in
the Netherlands. We measured lung function in the children,
and we assessed their exposure to traffic-related air pollution
using separate traffic counts for automobiles and trucks. We
also measured air pollution in the children’s schools. Lung
function was associated with truck traffic density but had a

lesser association with automobile traffic density. The associ-
ation was stronger in children living closest (<300 m) to the
motorways. Lung function was also associated with the con-
centration of black smoke, measured inside the schools, as a
proxy for diesel exhaust particles. The associations were stron-
ger in girls than in boys. The results indicate that exposure to
traffic-related air pollution, in particular diesel exhaust parti-
cles, may lead to reduced lung function in children living near
major motorways. (Epidemiology 1997;8:298-303)

Keywords: air pollution, motorized traffic, lung function, child, nitrogen dioxide, black smoke, automobiles, trucks, diesel.

Motorized traffic is a major source of air pollutants such
as nitrogen dioxide (NO,) and suspended particulate
matter."? Yet, relatively few studies have looked at the
health of subjects living near busy roads. The prevalence
of respiratory symptoms was found to be elevated among
subjects living near busy roads in five studies.>” Two
case-control studies found that hospitalizations for
wheezing bronchitis among children 4—48 months old,
and for asthma among children less than 5 years old,
respectively, were related to measures of traffic density®’;
air pollution exposure was not measured in either of
these studies. Some studies have relied on distance of
home address from major roads.’® Others have used
self-reported traffic density.>” Two studies modeled NO,
concentrations.*® One study used density of traffic on
the main road through school districts.> The absence of
objective measurements of lung function in all but one
study is another limitation.

In this study, we evaluated the extent to which lung
function in children living near motorways is related to
air pollution generated on the motorway. We measured
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lung function in schoolchildren living near major mo-
torways in the Netherlands. We assessed the precise
location of home and school for each child. We also
measured air pollution in the classrooms of the children.
For each motorway, separate traffic counts were avail-
able for automobile and truck traffic.

Methods

STUDY LOCATIONS

We chose six areas with homes located close to major
motorways in Dordrecht, Rotterdam-Ommoord, Rotter-
dam-Overschie, Voorburg, Delft, and Leiderdorp. In

1993, these motorways carried between 80,000 and
152,000 vehicles per day.

PopuLATION

We approached schools in the spring of 1995. Of 20
schools approached, 13 participated (Dordrecht, 3 of 3;
Rotterdam-Ommoord, 4 of 4; Rotterdam-Overschie, 2 of
5; Voorburg, 1 of 2; Delft, 1 of 3; Leiderdorp, 2 of 3). The
reasons for which schools declined participation were
not related to the exposure variables under study. Non-
participating schools were located at distances from the
motorways similar to those of participating schools. All
1,498 children in grades 4-7 (ages 7-12 years) were
asked to participate, and informed consent forms were
distributed to their parents. Of these, 1,242 children
(82.9%) agreed, and each child then received a ques-
tionnaire. Eventually, 1,068 questionnaires (71.3%)
containing usable data were returned. We carried out
lung function testing on 1,191 children (79.5%); 1,092
of these children were able to perform an acceptable
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TABLE 1. Description of Sites
Traffic Density (/24 Hours) Number of Distance (m) of Homes to Motorway
Children

Location (Motorway) Trucks Automobiles Studied Median 5th Percentile
Leiderdorp (A4) 8,098 72,818 129 258 75
Voorburg (A12) 8,444 132,292 120 318 63
Ommoord (A20) 12,118 88,868 279 404 110
Delft (A13) 12,531 119,376 95 456 260
Overschie (A13/A20) 12,593/16,771 119,966/135,694 109 189 23
Dordrecht (A16) 17,580 91,615 145 300 27

lung function test according to European Community
for Coal and Steel (ECCS) criteria.!® Ultimately, lung
function and/or questionnaire data were obtained from
1,213 children (81.0%).

Most of the children lived within 1,000 m from the
motorway. We restricted the data analysis to these chil-
dren, as it is unlikely that air pollution levels at greater
distances were influenced much by motorway traffic. Of
all 1,092 children with a valid lung function test, 877
lived within 1,000 m of the motorway. Of these, 778 also
had usable questionnaire data. The 99 children who had
no questionnaire data were not different in lung func-
tion from the children with full lung function and ques-
tionnaire data.

Table 1 shows the distribution of the 877 children
over the six areas. Table 2 shows some characteristics of
the study population. Most children (85%) had lived at
their current address for at least 3 years.

AR PoLLuTioN EXPOSURE
We assessed exposure to traffic-related air pollution in
the following ways:

1. We measured the distance (in meters) of home and
school to the motorway on 1:1,000 scale maps. Rotter-
dam-Overschie is located on both sides of the Al13
motorway and on one side of the A20 motorway; the
other areas are located on one side of the motorway.

2. We ascertained traffic density. We used weekday
counts of motorway traffic for 1993 to classify traffic
density on the motorways.!! Counts have been increas-

TABLE 2. Characteristics of Study Population (N = 877)

Percentage or Mean

(Standard

Characteristic Deviation)
Gender (% boys) 50.1
Age (years) 9.39 (1.27)
Height (cm) 143.0 (9.3)
Weight (kg) 34.1 (8.4)
FVC (liters) 2.410 (0.479)
FEV, (liters) 2.108 (0.395)
PEF (liters/sec) 4.889 (1.073)
MEF,5_755.* (liter/sec) 2.446 (0.634)
Smoking in the home (%) 50.3
Living in damp home (%) 32.0
Pets in the home (%) 59.0
Parental education high/medium/low (%) 35.9/38.0/25.8
Gas cooking (%) 84.5
Unvented, gas-fired water heater (%) 21.9

* MEF)s ;54 = maximal expiratory flow, midexpiratory phase.

ing over time, with 1993/1985 ratios ranging from 1.30
in Rotterdam-Overschie to 1.68 in Voorburg.

3. In 12 of the 13 participating schools, indoor mea-
surements were conducted of particles less than 10 wm
in aerodynamic diameter (PM;) and NO,. PM,, was
measured with low-volume impactors operating at 10
liters per min.!® NO, was measured with Palmes’
tubes.!* Reflectance of PM,, filters was measured using
the Organisation for Economic Cooperation and Devel-
opment (OECD) method for black smoke (BS) to mea-
sure the “blackness” of the indoor particles.”®> Outdoor
side-by-side measurements of reflectance of PMj filters
and filters exposed according to the OECD method
showed excellent agreement (correlation = 0.94), so we
converted the reflectance of the indoor PM,, filters into
BS concentrations. PM,, equipment was operated on
timers set to sample air only when the children were in
school. Although measurements were conducted for 2
months in each school, measurements were conducted
in all schools simultaneously only in June. The June
measurements were consequently used in all further
analyses.

We used wind direction data obtained from Rotter-
dam airport to evaluate the percentage of time that
schools had been downwind of the motorway (in a 120°
sector surrounding the perpendicular line connecting
the school to the motorway) during indoor air pollution
measurements and during or preceding lung function
tests.

LunG FuncTion

We measured lung function at the schools, following
ECCS procedures,'® between May 23 and July 7, 1995.
We used Vicatest-5 rolling-seal spirometers. For each
child, at least three acceptable maneuvers had to be
obtained. A detailed description of the method was
published previously.!® We measured the height and
weight of the children in stockinged feet. Measurements
in Dordrecht and Rotterdam-Overschie occurred on and
after days with winds coming from the motorway. In the
other four areas, schools were generally upwind from the
motorway during and on the 3 days before lung function
measurements.

POTENTIAL CONFOUNDERS

Information on potential confounders was collected by
questionnaire. We inquired about age (in years), gender,
parental respiratory symptoms (yes/no), smoking in the
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TABLE 3. Air Pollution Levels Measured in Schools Located near Dutch
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function over ranges of 10,000 trucks

Motorways per day, 50,000 cars per day, and 10 ug
3
: : . per m? for both black smoke and NO,,
% of Time Downwind Distance of .
Locationand ~ BS NO, ofMotorway during School from and as percentage difference between
School (ugim’)  (ug/md) Measurements Motorway (m) children living within and beyond
Leiderdorp 100 m from the motorway. Analyses
Lel 8.81 9.2 14.5 393 were conducted with SAS software,
Lez 6.73 130 145 300 version 6.10.18
Voorburg
Vol 8.21 23.6 324 121 Results
Ommoord AR PoLLUTION EXPOSURE
Oml 6.73 14.8 16.6 318 i i is-
Om2 515 92 16.6 298 As Showfn hy Tﬁ‘ble L t}f’e median dis
Om3 5.74 14.7 16.6 645 ta[}ce O € nhomes O. participating
Om4 16.6 450 children was smallest in Rotterdam-
Delft Overschie and greatest in Delft. In
Del 16.0 171 394 Dordrecht and Rotterdam-Overschie,
Overschi many children lived within 100 m of
verscnie
Ovl 12.37 328 43.6 35 the motorway. ,
Ov2 10.59 217 43.6 83 There was a 2.2-fold range in the
Dordrech number of trucks passing each week-
Borlec t 20.78 30.0 46.1 168 day, from 8,098 in Leiderdorp to
Do2 12.47 22.0 46.1 125 17,580 in Dordrecht. Automobile traf-
Do3 11.97 215 46.1 300 fic density ranged from 73,000 in Lei-
derdorp to 136,000 in part of Rotter-
dam-Overschie.

home (yes/no), presence of pets (yes/no), damp or mold
stains in the home (yes/no), ethnicity (Dutch/non-
Dutch), number of persons in the household, gas cook-
ing (yes/no), gas-fired, unvented water heaters (yes/no),
and socioeconomic status (highest level of education
attained by the parent completing the questionnaire).

DATA ANALYSIS

We used a log transformation to normalize residuals for
lung function, height, weight, and age.!” We employed
multiple linear regression to investigate the relation
between air pollution exposure and lung function. Truck
traffic density and automobile traffic density were un-
correlated on the investigated motorways, because the
motorways near the Rotterdam port carry a high propor-
tion of truck traffic, whereas the motorways near The
Hague (seat of government) carry relatively few trucks.
We analyzed both types of traffic jointly in the multiple
regression analysis. We evaluated the distance variable
“home within 100 m” in the same model. The correla-
tion between BS and NO, in schools was high (>0.70);
we evaluated these two variables separately. We adjusted
all analyses for the potential confounders mentioned
earlier, with the exception of parental respiratory symp-
toms, which could also have been influenced by air
pollution from traffic. We therefore evaluated this vari-
able in separate analyses. To investigate effect modifi-
cation by distance, we restricted some analyses to chil-
dren living within 300 m from the motorway. Stratified
analyses were also conducted by gender, ethnicity, truck
traffic density, and number of years in the area. We used
partial residual plots to investigate to what extent out-
lying observations were influencing the results unduly.
We expressed results as percentage difference in lung

Schools were located close to the motorway in Rot-
terdam-Overschie, Dordrecht, and Voorburg (Table 3).
Indoor concentrations of BS and NO, in the schools are
shown in Table 3. PM;, concentrations in the schools
were highly variable and higher than those measured
outdoors, confirming earlier experiences with in-school
measurements of PM,,.!* This finding probably reflects
resuspension of particles stemming from activity of the
children. In contrast, BS concentrations derived from
the PM,, filters were comparable with outdoor concen-
trations and much less variable over time. Owing to
equipment failure, we obtained no particle data in the
Delft school. There was a fourfold range in mean BS and
NO, concentrations among schools. We examined the
relation of the school concentrations with distance from
the motorway, truck traffic density (for BS), total traffic
density (for NO,), and percentage of time downwind
from the motorway. BS concentrations were related to
truck traffic density and percentage of time downwind,
but not to distance from the motorway. NO; was related
primarily to total traffic density and percentage of time
downwind.

AR PorLutioN ExposurRe AND LUNG FUNCTION

Table 4 shows that, for all children living within 1,000
m of the motorways, truck traffic density was related to
forced expiratory volume in 1 second (FEV,), peak ex-
piratory flow (PEF), and forced expiratory flow, midex-
piratory phase (FEF,s ;5 ). The estimated effects ranged
from —2.5% for FEV| to —8.0% for PEF, per 10,000
trucks. The coefficients for BS, automobile traffic den-
sity, and NO, (FEF;;_ 754 only) tended to be negative
also. After restriction of the analysis to children living
within 300 m, the estimated effects of truck traffic den-
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TABLE 4. Percentage Change* (and 95% Confidence Limits) in Lung Function in Children Living near Motorways, by Air
Pollution Exposure Variables, and Adjusted for Potential Confounders

Exposure Variable FVC FEV, PEF FEF,5_75%

All children living within 1,000 m of motorway?

Home within 100 m (vs home at >100 m) 0.4(-2.2,3.0) 0.2(—2.4,3.0) —-1.7(-5.8,2.6) ~1.1(—6.6,4.7)

Density of truck traffic (per 10,000) -2.0(-5.0,08) —2.5(—5.3,04) -8.0(-12.2,-3.6) —5.3(-11.0,0.7)

Density of automobile traffic (per 50,000) 0.8(-1.1,2.8) 03(-1.8,2.3) 3.1(-0.2,6.5) -2.1(-6.3,2.2)

BS concentration in school (per 10 ug/m?) -0.6 (-3.1,2.0) —-1.2(-3.8,1.5) -2.6 (—6.7, 1.6) -22(-175,34)

NO, concentration in school (per 10 pg/m?) 02(-10,14) -03(-1.5,1.0) 0.7(-1.3,2.8) —-1.9(—4.5,0.8)
Children living within 300 m of motorway¥

Density of truck traffic (per 10,000) -3.6(—74,0. -4.1(-7.9, -0.1) —-77(—-134,-1.7) —4.0(-11.6,4.4)

Density of automobile traffic (per 50,000) 2.1(-0.7,5. 05(-23,3.4) —-0.8(—5.1,3.6) ~5.0(—10.4,0.8)

BS concentration in school (per 10 ug/m?) -2.7(-6.1,0. -3.7(-7.2,-02) -58(-11.1,-0.2) —-6.3(-13.2,1.2)

NO, concentration in school (per 10 pg/m?®) -0.3(-2.0,1. -1.2(-2.9,0.6) —-1.3(-4.0,14) -3.6(-17.1,-0.1)

* Adjusted for age, height, weight, gender, smoking in the home, presence of pets, damp or mold stains in the home, ethnicity, number of persons in the household,

gas cooking, gas-fired, unvented water heaters, and parental education.
t N = 689 in multiple regression analysis; 605 for analysis with BS.
1N = 308 in multiple regression analysis.

sity on forced vital capacity (FVC) and FEV,, BS on all
lung function parameters, and automobile traffic density
and NO, on FEF,s_;5, increased. Additional adjustment
for parental respiratory symptoms did not change the
findings. The results of the stratified analysis for gender
in Table 5 show that the estimated effects of truck traffic
density were stronger in gitls than in boys.

Figure 1 shows estimated mean levels of FEV for each
of the six areas, for children living within 300 m from
the motorways, after adjustment for confounders. The
figure shows a clear exposure-tesponse relation.

Other stratified analyses showed little effect modifi-
cation. There was an indication that children living
within 100 m of the motorways in the areas most ex-
posed to truck traffic (Dordrecht and Rotterdam-Over-
schie) had poorer lung function than children living
farther away.

Discussion

We consider the participation rate of 81% of eligible
children to be satisfactory. The areas most exposed to
truck traffic (Dordrecht and Rotterdam-Overschie) had
the lowest response (73-74%), and the least exposed

area (Leiderdorp) had the highest response (96%). We
consider it unlikely that this relatively small difference
could have biased the results. A within-Dordrecht com-
parison of results between schools with different re-
sponse rates confirmed this view: the school in Dordre-
cht with the highest response rate also had the highest
air pollution exposure, and lung function of children
going to this school was lower than lung function of the
children in the other Dordrecht schools.

It is unlikely that the results of the lung function tests
were biased. Tests were performed at school without
parents being present, using two investigators and two
spirometers in all schools. At the time of the tests, the
investigators were unaware of traffic counts and of the
results of air pollution measurements. We calculated
distances from homes and schools to the motorways after
lung function had been measured.

Children in Dordrecht and Rotterdam-Overschie, but
not in the other four locations, were examined on days
with wind coming from the motorway. It is therefore
possible that the effect on lung function could have been
acute.?0-2* To evaluate this possibility, repeated observa-

TABLE 5. Percentage Change* (and 95% Confidence Limits) in Lung Function in Children Living near Motorways, by Air
Pollution Exposure Variables, and Adjusted for Potential Confounders, for Boys and Girls Separately

FvC FEV, PEF FEF,5_75%

Boys living within 1,000 m of motorway (N = 351)

Density of truck traffic (per 10,000) 0.4 (—3.4,4. -1.2(-5.0,2.8) -8.1 (— 9, -2.0) -5.0(-12.8,3.6)

BS school concentration (per 10 pg/m?) 39(0.2,7.7) 1.4 (—2.4,5.3) —-0.5 (—6.6, 6.0) —3.4(-11.0,5.0)
Girls living within 1,000 m of motorway (N = 338)

Density of truck traffic (per 10,000) -3.6 (-17.1,0. —3.4(-17.5,09) -7.0(-13.0,-0.6) —5.4(—13.6,3.5)

BS concentration in school (per 10 pg/m?) —44(-79,-0.8) -3.8(-74,-0.1) —-46(-10.1,1.2) -23(-9.7,5.7)
Boys living within 300 m of motorway (N = 162)

Density of truck traffic (per 10,000) -1.1(-6.7, 4. -1.8(-17.5,4.2) -9.7(-178,-0.7) -0.8(-12.4,12.3)

BS concentration in school (per 10 pg/m3) 36(—19,9. 1.9(-3.8,8.0) -2.5(-11.2,7.0) —-2.4(-13.6,10.1)
Girls living within 300 m of motorway (N = 146)

Density of truck traffic (per 10,000) —6.3(—11.4,-0.8) —-6.2(-115,-0.6) —6.1(—13.9,2.4) -1.0(-175,4.7)

BS concentration in school (per 10 pg/m?) —-84(-129,-3.6) —83(-13.0,-34) —-7.8(—14.7,-0.3) -—-89(-18.2,1.5)

* Adjusted for age, height, weight, smoking in the home, presence of pets, damp or mold stains in the home, ethnicity, number of persons in the household, gas cooking,

gas-fired, unvented water heaters, and parental education.
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FIGURE 1. Association between truck traffic density and
forced expiratory volume in 1 second (FEV,) in children
living <300 m from a motorway, adjusted for age, gender,
smoking in the home, presence of pets, damp or mold stains
in the home, ethnicity, number of persons in the household,
gas cooking, gas-fired, unvented water heaters, and parental
education. Le = Leiderdorp; Vo = Voorburg; Om = Om-
moord; De = Delft; Ov = Overschie; Do = Dordrecht.

tions of lung function on days with different wind direc-
tions are needed.

At school, children were exposed to similar levels of
air pollution during the daytime, when concentrations of
traffic-related air pollutants are highest. This aggrega-
tion effect probably explains why differences in lung
function were more pronounced between areas than
within areas.

The effects that we estimated were larger than those
reported from Munich,® perhaps because of the more
precise exposure classification in our study. The only
other study relating respiratory health indicators with
truck traffic® relied on self-reported traffic density.

Occupational studies have provided some evidence
that exposure to diesel exhaust is associated with
chronic respiratory effects,”? but results of these studies
have been inconsistent. Most occupational studies have
been cross-sectional, and selection effects may have oc-
curred. Also, the studies were conducted almost exclu-
sively among males. Ulfvarson et al observed acute
changes in lung function among ferry crew members
exposed to diesel exhaust®® and found them to be related
primarily to diesel exhaust particles.?”

Studies on chronic effects of air pollution on lung
function of children have focused on the comparison of
random samples of children between communities with
different levels of air pollution.>*3! These studies did not
allow comparison of subjects living close to busy roads
with subjects living further away.

The predominance of the associations in girls is in-
triguing. Others*®3? have found similar differences be-
tween boys and girls. Effects of “passive smoking” on
lung function were found to be stronger in boys than in
girls in some studies.*3* Such effects, however, may be
related primarily to prenatal exposure.

Diesel powered vehicles have much larger emissions
of particles than gasoline-powered vehicles.’> Per km

Epidemiology May 1997, Volume 8 Number 3

driven, the emission of submicronic particles by heavy-
duty diesel trucks may be 100 times greater than the
emission of a catalyst-equipped, gasoline-powered auto-
mobile. Diesel exhaust particles contain large amounts
of elemental carbon (EC), which contributes much to
the “blackness” of particles as measured by the OECD
method for BS. A side-by-side comparison of BS and EC
measured near a busy road in Berlin, Germany, in 1991
found a close relation (R = 0.96).>¢ Apparently, BS
measurements represent diesel exhaust particles (as op-
posed to tire abrasion, which results in organic carbon)
well in such situations.

Oberdorster et al’’ have recently hypothesized that
submicronic particles have a role in the effects of fine
particulate matter air pollution on health. Diesel engines
emit large numbers of ultrafine particles, and the number
of submicronic particles has been shown to be influ-
enced by traffic close to busy roads.®® Long-term expo-
sure to submicronic particles is therefore likely to be
increased in subjects living close to busy roads, especially
those roads carrying many diesel-powered trucks.

A separate analysis of the respiratory symptom data
collected in the study has shown that truck traffic den-
sity and black smoke concentrations were also associated
with increased reporting of chronic respiratory symp-
toms [van Vliet P, Knape M, de Hartog J, Janssen NAH,
Harssema H, Brunekreef B. Air pollution from road
traffic and chronic respiratory symptoms in children
living near motorways (submitted for publication)].
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