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THE 1977 NRL AIR QUALITY DATA

INTRODUCTION

This report is the third in a continuing series of
annual summaries of the air quality data measured at the
NRL air monitoring station (1,2). The present review
includes data for the calendar year 1977. The variables
meas ured were ozone (03), sulfur dioxide (SOz), nitrogen
dioxide (NOz), total hydrocarbons (THC), methane (CHk),
carbon monox ide (CO) ,  wind speed , and wind direction. For
ease of presentation , only the difference between THC and
CE,. will be reported , i.e., the non—methane hydrocarbons
(RHC) , for a given time—averaging period.

In this report only the main features of the air
q uality data will be presented. In a future report a more
comprehens ive and de tailed analys is w ill be given , and will
include several years data.

BACKGROUND

The current air monitoring program became operational
during January 1975 for the continuous measurement of
pollutants , gases , and meteorological conditions of interest.
At the present time , the NRL air monitoring station is
loca ted in Bui lding 207 , Room 4 0 9 .  A s c h e m a t i c  d i a g r a m  of
the  N RL a i r  monitoring station is shown in Fig. 1. D e t a i l s
of the air monitoring station , the instruments in use , and
the computer program for analyzing the air quality data
have be en discussed in previous publications (1,2 ,3,4).

GENERAL INFORMATION

The physical location of the Laboratory , and the air
monitoring station lies in the southwest quadrant of the
District of Columbia (Washington , D. C.). In close
proximity to the Laboratory are also portions of Maryland
(Pr inc e George ’s County) and Virginia (city of Alexandria ,
Arling ton County). Specifically , the Laboratory is bounded
on the nor th by Boiling Air Force Base , eas t by Route 295 ,
sou th by the D.C. Sewage Treatment Plant , and west by the

Not.: Manuscript submitted March 20, 1978.
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Po tomac River. Inspection of Fig. 2, a rad ial and
directional map of NRL and vicinity, clarifies the
geogr aphy .

The immediate area surrounding the Laboratory may
be considered as part of the urban complex including
co mmer cial , light industry , and res idential facilities.
It is assumed that the air quality data obtained within
this area is biased with respect to man—made emissions
and mostly from combustion sources (stationary—mobile ,
area—line—point , ground level—elevated , and continuous—
intermittent). It is not clear how or how much non—
comb ustion and natural emission sources contribute to
the pollutant measurements currently being made at the
NRL air monitoring station. However , it should be ke pt
clear that the concentration measurement of a pollutant ,
within a given time—averaging period (5—minutes , 1-ho ur ,
24—h our , e tc.), is the total concentration present in the
atmosphere from combustion , non—combustion , and backgro und
sources. Furthermore , at the time of measurement some
part of the pollutant concentrations are “fresh ” (local)
and par t ar e “aged” (long distance transport).

Emission sources include fuel combustion , industrial
processes , transpor tation , solid waste disposal , solve nt
evapora ti on losses , b iological oxidation , microbial action ,
and vege tation. Some of these sources may preferentially
emit one predominant pollutant in greater amounts than the
other pollutants. For example , most fuel combustion
sources em it all the c lasse s of  pollut an ts (c arbon , nitrogen ,
and sulfur oxide gases , h y d r o c a b o n s , and par tic ula te s ) ,
b ut whereas coal burning emits copious quantities of sulfur
gases , fuel oil burning does not. In another example ,
mo tor vehicle exhaus t emissions are the predominant source
of carb on mo nox ide , while for other combustion sources
carbon monoxide emissions are less predominant.

AIR QUALITY DATA AND RESULTS

Val id Hourly Observa tions

Table 1 lis ts the valid hourly observa tions for
each var iable meas ured a t the NRL a ir mon itor ing s ta t ion
dur ing each month of the calendar year 1977. It would
have b e e n  p r e f e r a b l e  if at least 75% of the total hours
in the year had been available but because of excessive2



down times of the instruments this was not the case. It
will be noted particularly, that during the months of
August and September the instruments were inoperative .
This was due to a major overhaul of the instruments and
computer system during these months. However , fro m the
remaining observations available it is possible to
extract meaningful information as the following sections
in the report will show .

Meteorological Data

Table 2 lists the percent of time in which each
wind direction occurred for each month during 1977. It
is clear that emissions from each wind direction contribute
to the concentration of the pollutant being measured. It
is further evident , however , that some wind directions are
more predominant than others and consequently emission
s o u r c e s  f r o m  t h e s e  w i n d  d i r e c t i o n s  w i l l  b i a s  t h e  f i n a l
r e s u l t s .  For  e x a m p l e , e a s t e r l y  wind directions occur the
l e a s t  a m o u n t of  t i m e , and  t h e r e f o r e  e m i s s i o n s  f r o m  t h e s e
directions (mostly D.C. and parts of Maryland , and motor
vehicle exhaust emissions from Route 295) will have the
least influence on the concentrations of pollutants being
measured. On the other hand , it will also be noted that
the westerly wind directions predominate at NRL . Conse-
quen t ly, emissions from these wind directions will bias
the air quality data.

The prevailing wind direction during 1977 was
NNW . The only local nearby emission sources from that
direction is the Washington National Airport facility.
It is no t ye t clear if em iss ions from this area are
significant with respect to the NRL air quality data.
Fur ther inspec tion of the las t col umn in Table 2 reveals
tha t the second predom inan t w ind direc tion wa s c a lm;
occurr in g 12.9% of the time . This wind direction indi-
cates that local emission sources from any wind direction
will bias the air quality data and perhaps lead to
abnormally h igh pollutant concentrations .

Table 3 lists the average prevailing wind
direction during each hour for each month during 1977.
The wind directions that occurred most of the time include
NNW and calm. The wind directions that occurred the least
amoun t of time are E , ESE , SE , and WSW. It should be kept
in mind , however , that the atmosphere is a dynamic system
and that wind from a given direction is not generally
sustained for long periods of time . Consequen tly,3
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pollut an t plumes tend to meander or swirl before reaching
the air sampling probe. As a result , it is possible that
emissions from one wind direction will be included with
those emissions from the predominating wind direction
occurring at that time ; one may think of this as a sort
of entrapment , or entrainment.

Table 4 lists the percent of occurrence that a
given wind speed group occurred during each month of the
y e a r  in w h i c h  d a t a  w e r e  a v a i l a b l e .  In d e c r e a s i n g  o r d e r
the occurrence of wind speed groups are , in general :
3.5 — 7.4 mph , 0 — 3 . 4  mph , 7.5 — 12.4 mph , 12.5 — 18.4
mph , and 18.5 mph and ove r. From this list it may be
concl uded tha t w ind speeds are , on the average , rather
low most of the time . Therefore , a poorly mixed atmosphere
with respect to pollutants is more likely than a well—mixed
atmosphere . This point is further brough t out in Table 5
where the average wind speed is listed for each wind
direction of each month during the year.

Pollutant Concentration Data

Table 6 lists the monthly average pollutant
concentration that occurred during 1977. Also included
are the yearly averages for each pollutant , and  wer e
calc ula te d and based  on the number o f val id observa ti ons
for each month . The yearly average may be questionable
here due to the lack of data for the months of August and
September. However , it is felt that the yearly averages
are , a t leas t , represe ntative of the actual values.

Mon thly an d year ly times may be co ns idered as
long sampling periods in which wide fluctuations in con-
centra tions are minimized or damped. Even so , so me
poll utants show wide differences in their monthly averages.
03, for exam ple , ranges from a low monthly average of 0.007
ppmv to a high monthly average of 0.040 ppmv . This is
clearly a seasonal effect and indicates that 03 forma tion
is higher in the warme r months than the colder months. 03,
it will b e recal led , is more likely to be forme d when one
of  the p rer equi s it es for ox idan t forma tion is high amb ien t
t e m p e r a t u r e s .  M o n t h l y  SO 2  a v e r a g e  c o n c e n t r a t i o n s  a re  not
so c learc ut w ith respec t to se ason because peak loads o f
t h i s  s o u r c e  v a r i e s  w i t h  d e ma n d ;  i n c r e a s e d  f u e l  c o n s u m p t i o n
during cold per iods in the winter and increased power
requirements for air conditioning during hot weather. NO2
mon thly average concen t ra ti ons , on the o ther hand , vary
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co nsiderably ove r the year with a low of 0.018 ppmv during
January and a high of 0.116 ppmv during June . The reasons
for this seasonal effect are not yet clear. RHC monthly
avera ge concentrations also vary widely with a low of 0.04
ppmv during November and a high of 1.06 ppmv during June .
In fac t it will be noted that low RHC concentrations
occ urred during Oc tober , November , and December. It would
app ear as i f RHC , the non—methane hydrocarbons , emissions
were either effectively scavenged during this period of
three months or were well—diluted in the ambient atmosphere.
CO monthly average concentrations have a very pronounced
seasonal ch aracter as showu by the data of this pollutant
in the table. According to the concentration data , CO
concent rations are higher in the cooler months and lower
in the warme r months . This is a characteristic pattern
for CO and shows up from year to year. It would be
interesting to know why this trend with CO occurs especially
since motor vehicle exhaust emissions are considered to be
the major source of CO emissions , and road traffic density
does n o t  v a r y  t h a t  m u c h  f r o m  m o n t h  to m o n t h .

To get a more realistic picture of pollutant
concentrat ion fluctuations over shorter time—averaging
periods the air quality data of Table 7 are of interest.
In this table the maximum concentrations that occurred in
each month for different time—averaging periods are listed.
For any pollutant and within a given time—averaging period
the data shows that wide concentration fluctuations can
occ ur from month to month. This is shown by the highest
and lowest values for each pollutant and for each time —
averaging period. Some of these concentrations are rather
h igh , especially for the 5—minute time—averaging period ,
and it is fortunate that these concentrations are not
sustained for longer periods of time . Normally, though ,
except under the most abnormal conditions , poll utant con-
centrations decrease with sampling time . For example the
24—ho ur maximum concentration is lower than the 1—hour
maximum concentration , and the 1—hour maximum concentration
is lower than the 5—minute maximum concentration. This
pat tern is always the case with pollutant concentrations
and , as a r e su l t , p o l l u t a n t  c o n c e n t r a t i o n s  t e n d , in m o s t
cases , to be approximately log—normally distributed. In
this type of distribution there are a few high concentra-
t i o n s  and a l a rge  n u m b e r  of low c o n c e n t r a t i o n s , i . e . ,  m o s t
p o l l u t a n t  c o n c e n t r a ti o n s  t end  to  be b e l o w  t h e  ave rage
concen tration for a given time—averaging period. In some

5 
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e x t r e m e  cases  a b o u t  85% o f  t he  c o n c e n t r a t i o n  v a l u e s  were
found to be below the average concentration. In any case
wide concentration fluctuations are due to variations in
emission sources (number , ty pe , loca tion , stre ngth , peak
p e r i o d s , e t c . )  and to  m e t e o r o l o g i c a l  c o n d i t i o n s  ( a i r
temperature , c loud cov er , sunlight , relat ive humidity,
p r e s s u r e , t u r b u l e n c e , e tc.).

If it is assumed that the same emission sources
ar e available on a day—to—day basis with no significant
change in output then it may be concluded that variations
in meteorological conditions are more effective in causing
poll utant concentration fluctuations than emission sources.
Furthermore , the eff icacy of scavenging mechanisms for
poll utants depends on meteorological conditions .

A further analysis of the maximum concentration
da ta is s~iow n in Table 8 for 03, SO2, NO2, RHC , and CO.
This table lists , for each month , the hourly maximum con—
c e n t r a t i o n , t he  hour of the day in which it occurred , the
day o f the we ek , the wind speed , and the wind direction.

Some general conclusions that can be drawn from
the data listed in Table 8(a) through 8(e), are that high
ho urly maximum concentrations can occur during any day of
the week , and that westerly and calm wind directions are
predom inant. Sunday, it will be noted , appears quite
frequently and suggests that emissions of the type emitted
in the metro D.C. area do not fluctuate from day to day ,
even on w e e k e n d s . The p r e d o m i n a n t l y  w e s t e r l y  i n f l u e n c e
i n d i c a t e s  t h a t  e m i s s i o n  s o ur c e s  f r o m  t h e  V i r g i n i a  s e c t o r
(see  F i g .  2 )  a r e  p r e d o m i n a n t .

S p e c i f i c a l l y, T a b l e  8 ( a )  i n d i c at e s  t h a t  03  is
highest in the afternoon hours and this is reasonable
since 03 form ation is most likely at those times . Also ,
there is no c o r r e l a t i o n  b e t w e e n  h i g h  h o u r l y  0 3 concen-
trations and wind speed.

For SO2, Table 8(b) reveals no significant
r e l a t i o n s h i p s  e x c e p t  t h a t  h i g h  c o n c e n t r a t i o n s  o c c u r  f r o m
the w e s t e r l y  d i r e c t i o n  a l m o s t  al l  of  t he  t i m e . Th i s  is
well known at NRL because of the close proximity of a
coal—f ired electric power plant which lies west of the
Labo ratory .

For NO2 , it is clea r f ro m Table 8 (c )  tha t high
c o n c e n t r a t i o n s  o c c u r  a t  low w ind sp eed , and that the
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favo rable time of day is around 9:00 a.m . (0900 hours) and
at 7:00 p.m. (1900 hours).

High hourly RHC concentrations , T a b l e  8 ( d ) ,
occurred mostly at calm conditions and at low winds; and
some rather high concentrations from the easterly directions .

For  CO , according to Table 8(e) , high ho ur ly
concentrations occurred; (1) in two time periods , one in
the morning and one in the late afternoon; (2) at low wind
speeds ; and (3) either at calm conditions or from an
easterly direction. For this pollutant , and others , an
easterly direction may be correlated with motor vehicle
e x a h u s t  e m i s s i o n s  f r o m  R o u t e  295  ( s ee  F i g .  2 ) .

Table 8(a) through 8(e) lists the highest maximum
concentrations that occurred during each month for a given
poll utant during the year. However , it is of interest to
find out if the highest concentration during the day occurred
at any preferable time . Therefore , Table 9 was constructed
to show this trend for each pollutant. This type of approach
is worthwhile because it allows pollutant concentrations
to be characterized with respect to patterns and trends on
a day to day basis . From Table 9 the data establish that
high 03 concentrations are clustered within a n a r r o w  t i m e
frame , i.e., from 11:00 a.m. (1100 h o u r s )  to 5 : 0 0  p . m .
(1700 ho urs) and peaking at around 2:00 p.m. (1400 hours).
For SO2 tho ugh , there is no apparent clustering of high
hourly concentrations within a given time period. This in
i t s e l f  is r e v e a l i n g  b e c a u s e  i t  i n d i c a t e s  h i g h  SO2 concen-
trations can be spread out throughout the whole day . NO2
is different from 03 and SO2 in that the maximum concen-
trations occur in two time periods during the day; one
between 0600 — 1000 hours (6:00 a.m. — 10:00 a.m.) and the
o t h e r  b e t w e e n  1800 — 0100 hours (6:00 p.m. — 1:00 a.m.).
High NO2 concentrations , i t  w i l l  be n o t e d , do no t no r m a l l y
oc cur between 1100 — 1600 hours (11:00 a.m . — 4:00 p.m.).
For high REC concentrations it is difficult to come to any
c o n c l u s i o n s  a l t h o u g h  a case can be made t h a t  m o t o r  v e h i c l e
exhaus t e m i s s i o n s  are  n o t  n e c e s s a r i l y  a p r e d o m i n a n t  s o u r c e
of this pollutant in this area. Otherwise high RHC con—
cen trations would have been better correlated with the
morn ing and evening rush hour traffic period (6:00 a.m. —

9:00 a.m. and 3:30 p.m. — 6:30 p.m.). Inspection of the
REC d a t a  i n d i c a t e s  t h a t  t h i s  is n o t  t he  c a s e .  H i g h  CO con-
c e n t r a t i o n s , like NO2, ap pear to have two peak per iods
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during the day : the peak periods are from 0700 — 0900 hours
(7:00 a.m. — 9:00 a.m.) corresponding to the morning rush
hour traffic period and from 1800 — 0100 hours (6:00 p.m. —

1:00 a.m .). The late evening peak period does not correlate
well with the evening rt ’ ’h hour traffic period at all. Any
explanation that might be offered at this time about the
late evening peak period for high CO concentrations is not
yet satisfactory .

Air Quality Standards

Air  q u a l i t y  d a t a  g e n e r a t e d  a t  NRL can be u s e f u l l y
compared to the federal and D.C. ambient air quality
standards issued for this purpose. By this means one can
ascertain the air quality at the Laboratory by noting if
the standards have been exceeded. For example , T a b l e  10
lists the federal pollutant standards and the number of
time these have been exceeded at NRL during 1977. Table 11
lists the D.C. pollutant standards and the number of times
these were exceeded by the NRL data. From both Tables 10
and 11 it is found that the ambient air at NRL had some
serious air pollution problems at certain times of the year.
Al tho ugh by no means  exce ss ive , as compared to other air
quality data from local jurisdictions , the fac t that the
standards have been exceeded so many times is worrisome .
At the same time this does not mean that the facilities
at NRL generated those pollutants which were excessive .
What the data do reveal is that more effecitve air pol—
lution control systems are n eeded  f o r  t h o s e  s o u r c e s  w h i c h
emit copious quantities of pollutants m i  atmosphere .

Table 12 lists the Air Quality Index (AQI) criteria
for Metropolitan Washington and the number of time s the NRL
air quality data were exceeded. Comparing T a b l e  12 w it h
Tables 10 and 11 reveals that the AQI criteria are less
severe than the fede ral and D.C. standards . Therefore ,
from the list in Table 12 it is seen that only 03 exceeded
the AQI cirteria and that only during the alert stage .
Based on past analysis of the NRL data it does not seem
likely that the S)2, NO2, and CO AQI values will be exi eeded
at NRL . It would have to be under abnormal conditions
(me teor o logical) , than here tofore  enco untered , befo re  this
can occ ur. For example , a prolonged dr ought , a prolonged
stagnating high pressure system , a sustained temperature
i n v e r s i o n  p e r i o d , and ca lm or low winds , ar e so me of the
pr erequisites necessary to create abnormally high
concen trations of one or more pollutants. 8
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M I S C E L L A N E O U S REMARKS

There are a few remarks worth mentioning at this time
that do not fit into the general scheme o this report.
The purpose of this section is to augment our existing
knowledge about the NRL air quality data based on several
years knowledge with the air monitoring program. For
example:

(a) 03 and SO2 concentrations are high when the
relative humidity of the atmosphere is low;

(b) high NO2 concentrations are independent of the
relative humidity of the atmosphere;

(c)  high THC , CH1,, RHC , and CO may occur at high
relative humidity of the atmosphere ;

(d) with respect to the NRL air monitorin g site some
pollutants are more well—mixed in the atmosphere (NO2)
than some other pollutants (SO2, RHC);

(e) daily surface—based temperature inversions are
a common occurrence ;

(f) high 03 concentrations do not occur with high
SO2 concentrations;

(g) pollutants are transported through the atmosphere
as clouds or puffs ;

(h) gener ally all of the pollutants measured at the
NRL site are not present in high concentrations at the
same time ;

Ci) for a given pollutant different emission sources
may predominate at different time s of the day ;

(j) odor from the D.C. Sewa ge Treatment Plant does
no t  n e c e s s a r i l y  i m p l y  h i g h  p o l l u t a n t  c o n c e n t r at i o n s ;

(k) SO2 in the NRL atmosphere tarnishes exposed
c o p p e r  and n i c k e l  s p e c i me n s  in s h o r t  p e r i o d s  of  t i m e ;

(1) with the exception of the heating plant , there
are no other major emission sources at the Laboratory ; and

9
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(m) ra in or snowfall are not 1007. effective scavenging
m e c h a n i s m s .

M o s t  o f  t h e  a b o v e  i t ems  w i l l  be  d i s c u s s e d  more  f u l l y
in future reports.

FUTURE PLANS

To improve the effectiveness of an air monitoring
p r o g r a m  it become s n e c e s s a r y  f r o m  t im e  to t ime  to e x p a n d
the analytical capability of the station ; limited of course
by budget restraints and manpower requirements. Conse-
quently, it is proposed to expand the present air monitoring
program to include air temperature and relative humidity
sens ors , a NO/NO and a CO2 detector , expand the data
acquisition system to accommodate and include the added
sensors and detectors , and include some type of particulate F,
matter monitor. In addition , a commerc ial type smoke
detector is presently being converted to use as a smog
de tector.

In a d d i t i o n , the  c o n c e p t  of  the  r e la t i v e  m e a s u r e  of
variability of pollutant concentrations in air will be
developed more fully for use as a routine method of
a n a l y s i s  of  a i r  q u a l i t y  d a t a  ( 6 ) .

SUMMARY

This report is the third in a continuing series of
annual summaries of the air quality data measured at the
NRL air monitoring station. Data reported are for ozone
(03), sulfur dioxide (SO2), nitrogen dioxide (NO2), non—
methane hydroc a rbons (RHC) , carbon monoxide ( C O ) ,  wind
speed , and wind direction. Variations in emission sources ,
me teoro log ic al cond iti ons , and scaveng ing mechan isms ar e
cons idered as the causes of the wide concentration
fluctuations during any given t ime—averaging period for
any give n pollutant. A detailed discussion is presented
on wind speeds and wind directions and their effect on
p o l l u t a n t  c o n c e n t r a t i o n s  - C o n s i d e r a t i o n  is a lso  g iven  to
the maximum c o n c e n t r a t i o n s  o c c u r r i n g  each m o n t h  d u r i n g  1977
for the 5—minute , 1—hour , and 24—hour time—averaging periods ,
and the cor respond ing re la tionshi p w ith time of  day , day of
week , w ind speed , and wind direction. Finally , some char-
acteristic trends of pollutant behavior peculiar to the
NRL air monitoring site are pointed out and discussed.
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Fig. 2 — Radial and du-ectional map of NRL and vicinity
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