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'Figure 1. Diagram of the Broad Street Station.



well as those generated within the tunnel., The concentration of these
contaminants should vary greatly during the course of a day because
both automobile and subway traffic are heaviest during the rush hours

and very light during the night hours.

The temperature in the tunnel is held relatively constant (midday
averages of 25°C in summer and 8°C in winter were recorded), due to
the moderating effects of the tunnel walls and the use of heaters in

the winter months.



ATR SAMPLER THECRY

The inhalation threat posed by particulate matter is a direct func-
tion of aerodynamic particle size. Therefore, to fully assess the health
effects associated with the various contaminants being studied in this
survey, it is necessary to have noi only total concentrations, but also
the size distributions of the aerosols. Particle sizing was accomplished
through the use of the modified Andersen sampler, a S-stage cascade

impactor with an in-line backup filter.

The complete sampling setup used is shown in Figure 2 (Research
Appliance Co., Addison Park, Pa.). Air enters the sampler head and
passes through a series of jets, 10O per stage, with each stage having
ﬁrogressively smaller diameter jets. Below each stage is a preweighed
collection surface ﬁpon which the particles are impacted. At each jet
the fraction of the particles impacted is a function of the jet veloc-
ity, the jet-to-collection-surface distance, and the collection effic-
iency of the previous stage. After passing the fifth surface, the re-
maining unimpacted particles are collected on a l-inch-diameter backup

filter of 3.0-m pore size.

The effective cutoff diameter (ECD) in microns for each stage can

be determined through the use of the dimensionless inertial impactor

parameter,ffﬁ
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Figure 2. Diagram of the Fractionating Sampler and shelter.
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-where: ¥= .14 for the Andersen sampler
Vsi= jet velocity
¢ = particle density
n = viscosity of the air
Ds= diameter of the jet
= effective diameter of the aerosol particle
C = Cunningham correction factor:

3.15 x 10-h'l‘

DP
where: T = absolute temperature, °r
D_= particle diameter in microns (u)
(¢ Ban be significantly greater than one for part-
icles less than one micron in diameter.)

cC=1+

The BCD, which is the quantity Dp(Cq);é, can therefore be found for
each stage once the flow rate is known. It is expressed in terms of
an aerodynamic, or Stoke's equivalent diameter (i.e. Dg = Dp(Cef%),
instead of an effective diameter (Dp) because this is a more useful
term for predicting particle behavior in the respiratory tract.! Part-
icles with aerodynamic diameters of 1)1 or smaller have been found
to have the highest rate of deposition in the lungs,2 and thus pose

the greatest health hazard.

1It is also comvenient because in many cases (i.e. condensation
aerosols), the particle density is unknown (due to trapped air, etc.).

25,5. Dept. of HEW, "Air Quality Criteria for Particulate Matterm
(Washington, 1969), p. 115.



PROPERTIES OF ATMOSPHERIC PARTICUIATE MATTER

Particulate matter is generally formed by two different methods.
Particles of relatively large size (Dp>1 M) tend to be generated from |
grinding processes as irregularly-shaped dusts, and are termed disper-
sion aerosols. Smaller-zized particles (Dp<< 1), kﬁown as condens-
a‘bibn aerosols, arise by vapor condensation and therefore, are usually

spherical in shape.

"Dispersion aerosols are easily formed in sizes larger than 1,
but with more difficulty in smaller sizes, where surface free energy
becomes appreciable and may inhibit further d:'Ls:’mtegra.tim‘x."1 Since
these particulates are fairly large, they settle in still air at vel-
ocities approximated by Stoke's law:

s 18n ~78n
vhere: g = gravitational constant, 32.2 ft/sec?
.= density of air
with the other terms being previously defined
The physical laws governing condensation aerosols are more complex.
Particles with diameters less than 0.1 p,undergo large Brownian motions,

causing them to agglomerate. For particles betweenO0.1and 1 m, Brownian

motion is decreased and settling velocities in still air, though finite,

1Gordon D. Nifong, Edward A. Boettner, and John W. Winchester,
"Particle Size Distributions of Trace Elements in Pollution Aerosols,"
Industrial Hygiene Association Journal, XXXIIT (1972), 569.
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are smail compared with air motions.

The operation of these physical mechanisms causes the whole pop-
ulation of particulate matter3 to assume a certain size distribution,
approximating a symmetrical, bell-shaped probability curve. This part-
iculate da’cab' should result in a straight line when plotted on logar-
itlmic-probability coordinates, with the diameter recorded at 50% (Dgp)
being the geometric mean median diameter (MMD). Standard deviation (eg),
an indication of the range of particle sizes, is defined as: |

% = Dg),.13/Ds50 = D50/D15.87
with these diameters being the respective limit values of 1, 0, and -1

in a log-normal distribution function.

In some v.éa’ses , such as a large-diameter dust sample taken near its
source, particulates do not have time to achieve a log-normal distrib-
ution. When this occurs, the resulting plot yields a line that bends
toward the abscissa, and the data should be plotted on Cartesian~ prob-

ability paper. The value Dgo- would then be an arithmetic mean, and

2At < 1 M, particles tend to "slip" between air moleéecules, with
their terminal settling velocities being determined by Vg = VC.

3The individual elements contained in these particulates should
also have log-normal size distributions.

hThe diameters being plotted can be either effective or Stoke's
equivalent diameters. All the diameters being used in this report will
be Stoke's equivalent diameters.



standard deviation would be defined as:

05 = Dg),.13~ D50 = D5o = D15.87

11
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ATOMIC ABSORPTION

Theorz

Atomic absorption spectrometry is an excellent method for the meas-
surement of a large mumber of elements in complex matrices, due to its
sensitivity, relative lack of interferences, low cost, and simplicity
.of operation. Therefore, it readily lends itself to the analysis of
metals in particulate matter. The basic principle of AA spectrometry
is that when 1light of a particular element's characteristic wavelength
is passed through a vapor containing the ground state atoms of that
element, it will be absorbed in the process of exciting the atoms, with
the degree of absorption being relative to the mumber of atoms present.

The intensity of the transmitted light can be represented by Beer's

law:
- -(kecl)
It Ioe
where: I = intensity of radiation at the source
It= intensity of transmitted radiation
k = absorption coefficient at the given wavelength
¢ = concentration of absorbing atoms
1 = length of the absorption path
Therefore:

1og‘%2 = kel = absorbance
t
and the concentration is proportional to the absorbance, since k and

1 are constants.

For most elements, a graph of absorbance vs. concentration will

give a linear calibration up to an absorbance of about 0.5, followed
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by a slight bend (for up to 1.0 absorbance) towards the concentration
axis, due to reduced sensitivi*’cy.1 By plotting the absorbances of known
standards, one can find the concentration of the sample being analyzed,

once its absorbance is known.

The atomic absorption spectrometry system being used is shown in
Figure 3. The flame temperature is approximately 2h50°K, a temperature
at which ground state atoms comprise over 99% of the atoms in the vapor.
Since AA spectrometiry measures concentration through the use of ground
state atoms, it is more accurate2 than methods that measure the number

of excited atoms.

Ihterference Effects

Although AA spectrometry, through its simplieity, ié relatively
free of interference effects, some are nevertheless encountered. Two
fozﬁns of chemical interferences, incomplete dissociation of compounds
and ionization effects, are related to those physical and chemical pro-

cesses which inhibit the formation of ground state atoms in the flame.

When choosing a solvent for the digestion of a sample, one must
take care that the solvent does not react with the element being meas=-

ured, to form compounds which are not completely dissociated at the

1A notable common exception is iron (at a wavelength of 218.3 mm),
which shows a very large curvature.

2Accuracy of + 1% or better is obtainable. See, for example, W.d.
Price, Analytical Atomic Absorption Spectrometry (London, 1972), chap-
ter L.
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temperature of the flame, thus preventing the formation of ground amtate

atoms.

High-temperature flames, such as air-acetylene or nitrous oxide-
acetylene, may cause appreciable ionization of the alkali metals. This
can be overcome by the addition of a more easily ionized element to the

analyte solution.

Another type of interference can take place through the presence
of matrix effects. Since the flame method of AA specirometry uses a
nebulizer, any variation in the physical properties of the test and

standard solutions can produce matrix errors.

Finally, if a sample contains a large amount of dissolved solids,
light=-scattering effects may give the appearance of greater absofbancé
(especially at low wavelengths). These errors can be corrected through

the use of a hydrogen contirmum lamp.
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ATR QUALITY STANDARDS

Suspended Particulate Matter

The term "particulate matter" takes in a wide variety of solid

and liquid materials found in the air; including such toxic substances
as lead and asbestos; therefore these poisonous materials must be con-
sidered separately in terms of ambient air standards. After ruling out
taxic materials, there still remain a number of harmful and damaging
effects which aré characteristic of high levels of particulates. These
include adverse health effects, such as lung irritation and an apparent
association with emphysema and lung cancer;’ reduced visibility; and

damage to materials.

Thus, in April, 1971, the following Federal Air Quality Standards
for suspended particulate matter were established :2
75 x:.g/m3 annual geometric mean

3
260 pg/m 2L~hr maximm, not to be exceeded more than once a year

Metals
The particulate matter commonly found in city air consists of a

large mumber of chemical substances, including many metallic pollutants.

1Comm1nity Air Quality Guides — Total Particulate Matter, Amer-
ican Industrial Hygiene Association (1969), p. L.

2chard E. Hesketh, Understanding & Controlling Air Pollution
(Ann Arbor, Mich., 1972), p. 11.
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Generally, metals constitute less than 3% of the weight of the partic-
ulate matter;3 however due to the nature of the subway enviromment,

the percentage in this survey is expected to be mich higher.

Of the six metals being studied in this survey, only two, lead
L

and cadmium, are innate]y poisonous.~ The other four are essential to
human health and present no danger except in extremely high doses.
The air quality standards for the six metals will be presented in the

following discussion.

Lead. Lead is the second largest (next to iron) metallic pollut-
ant of the atmosphere. In cities, it is largely present as the lead
salts, PbClBr and PbNH2C1, which originate from auto e:cha.us’c,;5 therefore
the concentration of lead is a function of proximity to traffic. Because .
lead is a cummmulative poison, its presence in the air represents an
increé.sing potential health hazard for urban dwellers. The metal's del-

eterious effects include damage to the liver, brain, and central ner-

‘vc‘)us system, and the production of anemia and bleeding.

No general agreement exists as to what atmospheric levels of lead

are acceptable, and there is no federal ambient air quality standard

3Henry A. Schroeder, "Metals in the Air," Enviromment, XIIT (Aug-
ust, 1971), 31.

bria., p. 20.
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at present. Geometric mean maximum standards ranging from 1 to 10 ;.1g/m3
have been suggested.5’6 It should be noted that for the lower standard
to be achieved in urban areas, the amount of lead in gasoline would

have to be greatly reduced or its use discontimied entirely.

Cadmium. Relatively little or no cadmium is found in community
air. Most cadmium is found naturally as a mineral mixed with zinc, and
therefore, the processing and subsequent usage of zinc will generally
result in both zinc and cadmium emissions. Cadmium is also released
into the atmosphere as a result of incineration of cadmium-containing
products such as rubber tires and plastics; however it is almost almost
always associated with zinc and can be roughly correlated as to concen-

tration.

The pi'esence of any cadmium in the air is of concern because the
metal is very toxic at high concentrations and is injurious in a dif-
ferent way at low concentrations. The most serious consequence of oc-
cupational exposure to cad::ﬁum oxide fumes is severe lung injury, which
can prove fatal after exposufe to a high concentration of the fume (such
as that produced by welding on cadmium-plated metal). Chronic exposure

8
to low doses of cadmium has produced Icldney7 and liver damage. From

SHesketh, p. 118.

6Cormm1nity Air Quality Guides ~- Lead, American Industrial Hygiene
Association (1969), p. L.

7B.G. Liptak, Envirormental Engineers!' Handbook, vol. 2 (Radnor,
Pa., 197kL), p. 202. :

8Sc:hroeder, p. 21.
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the standpoint of exposure to cadmium in the general enviromment, how-
ever, these effects are unlikely to occur, due to the very low concen-
trations encountered (reports from thirty-six cities with cadmium in
the air gave concentrations ranging from 0.01 to 0. 37)ug/m3),9 but a link

to hypertension is suspected.’o

There is no established ambient air quality standard for cadmium,

but a maximum ambient concentration of 10 pg/m3 has been suggested.

Iron. Iron is the single largest metallic pollutant of the atmos-;
phere and is generated by both man and nature. It is usually found as
a dispersed dust of iron or iron oxide and is non-irritating to the
micous membranes even at its TLV of 10,000 }1g/m3 . This threshold limit
has been suggested "to prevent the development of x-ray changes in the
lungs on long term e:q:osur\e,"12 but it should be noted that these charigés
are not considered to be harmful to human health.13 Therefore, in con-
sidering human health, this TIV suggests1h a maxirum ambient concentra-

tion of 1,000 pg/m3 s however if the annoyance effects of visibility

bid.
Opiptak, p. 202.
11Heske‘bh, p. 117.

12Commun:d:y Adr Quality Guldes -~ Tron Oxide, Amerlcan Industrial
Hygiene Association (1908), P. 3«

3mi4.

1l'Us:’Lng the method of Hesketh, pp. 115-19.
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reduction and soiling are considered, an ambient concentration of 50%
of the air quality standard for total suspended particulate matter (or

38 pg/mB) is suggested.“S

Manganese, copper, and zinc. These three metals are essential for

human health, and present no hazard at their usual concentrations in
commnity air. In urban areas, they are usually generated in the indus-
trial processing of the metals and by the burning of fossil fuels. The
.three metals can be toxic, but only at doses that miners or refiners
are exposed to, when they can damage the nervous system. The dusts of
manganese, copper, and zinc have TIV's of 2,000, 1,000, and 1,000 pg/m3,
respectively,16 suggestingm maximum ambient concentrations of 200,

100, and 100 }1g/m3 . However, a study17 has shown that even lower stand-

ards should be set when extremely fine dusts are involved.

15CAQG‘r -~ Tron Oxide, p. h.

16Threshold Limit Values for 1967, American Conference of Industrial
Hygienists (1967).

17Robe:r"c. P. Gleason, "Exposure to Copper Dust," American Industrial

Hygiene Association Journal, XXIX (1968), L61-62.
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EXPER IMENTAL

Sampler Operation

For each run, five 3.25-inch-diameter glass fiber filters and a
h-inch~-diameter backup filter were selected,1’2 placed in mmbered
glassine envelopes, and then dried in a dessicator3 for 2l hours, after
which they were weighed to an accuracy of +0.00001 g on a Mettler balance.
The preweighed filters were placed on their respective stages in the
sampler head, and the sampler head was brought down to the subway station

and inserted into the pump orifice.

After a sampling period of approximately 2L hours, the sampler
was picked up and brought back to the lab, where the filters were
folded in half, placed back into their respective envelopes, dried
for 24 hours, and then reweighed. (The collection surfaces were handled
with forceps throughout these operations.) The filters were then stored

for subsequent AA analysis.

1 Alumimm foil collection surfaces were found to be unsatisfact-

ory, due to large bounce-off errors. These errors lowered the effective
MMD's and the measured particulate concentrations, due to high particle
collection on the impactor walls. Bounce errors for glass fiber filters 3
only became apparent when the particulate concentration exceeded 280 pg/m”.
For further information, see T.G. Dzubay, L.E. Hines, and R.K. Stevens,
"Particle Bounce Errors in Cascade Impactors,” Atmospheric Environment,

X (1976), 229-3L.

2Rilter pH had to be between 6.5 and 7.5.

3Due to breakdown in the constant-temperature-humidity room.
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The average flow rate through the sampler was calculated from

the beginning and ending airflow values, obtained from the use of a
rotometer. This average (found to be a constant of 3.84 £t3/min through
the course of the survey) was used to determine the ECD for each stage

in the sampler; the calibration graph for the sampler yielded ECD's
of 3.156, 2.3Lk, 1.594, 0.969, 0.531, and 0.313 p for stages 1 through

6, respectively. (The ECD for the backup filter (stage 6) is an estimate.)

Once the FCD's and the particulate weights for the stages were
known, a size distribution curve (see Figure 7) for each run was pre-
pared, using calculations such as those in Table I. The best fitting

line was determined by a least-squares fit.

During the last three months of the survey, peak levels of pol-
lution were obtained through the use of a timing device attached to
the pump. One day a week, the sampler was in operation for the hours
of 6:30 fo 9:30 A.M. and 3:00 to 6:00 PH For comparison purposes,
2)h-hr samples were also obtained for periods very close (within one

day) to the rush-hr sampling days.

Digestion of the Collection Surfaces

The digestion method for the filters was that used by Ranweiler

and l'Io;w,rer's,l1 except that the samples were not ashed. Six 250-ml

hLynn E. Rarweiler and Jarvis L. Moyers, "Atomic Absorption Pro-
cedure for Analysis of Metals in Atmospheric Particulate Matter,"
Envirormental Science and Technology, VIII (197L), 153-5k.




TABLE I. CALCULATION OF PARTICULATE SIZE DISTRIBUTION FOR 1/15/75

Atmospheric Conditions:

Tunnel temperature: (start) 5%
30.14m

Barometric pressure:

Weather: cold w/thin cloud cover

Sampling Time : 23 hrs. L2 min

Sampling Volume:

155 m3

Particulate Weight Data:

Disk composition:

Disc
Stage # Wt.(g)
1 0.36585
2 0.3k4210
3 0.36687
L 0.38723
5 0.36120

Backup  0.12851

glass fiber

Disc + Part.

Wt.

0.37438

0.34708

0.3702
0.39009
0.36432
0.43557

(end) 6.5°%C

cold and

Part. Wt.
0.00853
0.00L98
0.00337
0.60286
0.00312
0.00706_
0.02992

30.06"

cloudy

ECD (u)

3.156
2.3LL
1.594
0.969
0.531
0.313

Particulate Conc.: 19L ;lg/m3

Cum. %

Undersize

71.5
5L.9
h3.6
34.0
23.6

23
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beakers were mumbered 1 through 6 and thoroughly washed with deionized
water. Each filter was placed in its corresponding beaker; soaked in
5 ml of a solution containing 2 ml of 65% HNOB,CLS ml of 304 HC1l, and
and 2.5 ml deionized water; and warmed on a hot plate (60°C) for 5
minutes.5 The solutior from each beaker was then poured into a corres-
pondingly-mumbered 50-ml (plastic) Nalgene flask, and each filter was
washed with deionized water, with the washings being poured into the

same flask.

Previous experienceé'with similar filters has shown one digestion
to be insufficient to dissolve all the metallic air pollutants. There-
fore,the previous digestion procedure was repeated, with the filters
finally being washed several times and enough deionized water added
to the flasks to fbrm 50 ml of solution. (Later analysis showed this

double digestion to be sufficient to dissolve 99+% of the metals.)

The digestion procedure was repeated on blank 3.25 and lL-inch
filters to determine the levels of contamination resulting from leach-
ing of metals from the filters themselves (or from the dissolving sol-

ution). These values are reported in Table II.

5This turned the upper-stage filters bright yellow, and an oily
solution was formed from the lower-stage filters.

Spelfim D. Dias, "Pistol and Rifle Range Air Quality" (Master's
thesis, N.J. Institute of Technology, 1975) p. 31.
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. Atomic Absorption Analysis

The Atomic Absorption Spectrometer, Varian Techtiron Model 1200
(see Figure L), was used in conjunction with an oxidizing, air-acetylene
flame, and in the concentration mode, to obtain concentrations of six

metals in the solutions containing the dissolved particulates.

The concentration mode is a very convenient device for analyzing
a large mumber of samples (as this survey required), since it elimi-
nates the need for drawing a large number of calibration graphs. It
gives a direct read-out in parts per miilion (ppm)7 for each metal
as long as two standards (low and high) of known concentration8 are
used. The low standard should have an absorbance between 0.1 and 0.2,
and the high standard, an absorbance of from 0.5 to 0.8. The concentra-
tions can then be dialed in, using the low standard for scale adjust-
ment and the high standard for curve correction. The low and high stand-
ards used, and the other operating parameters for each metal studied
in this survey are presented in Table II. The wavelengths chosen were
those that would place the analyte concentrations in the optimum work-

ing ranges.

With the exception of high concentrations of dissolved solids in

TRor liquids, ppm = pg/ml.

8Standards were formed from the dilution of 1000 ppm stock solu=-
- tionms.



TABLE II. OPERATING PARAMETERS FOR AA ANALYSIS

Fe

Resonance Line, mm. 372.0
Slit Width, nm, 0.2
Lamp Current, mA. 10
Low Standard, ppm 10
High Standard, ppm o
Conc. of Contamin-
ants from Filters,
ppm

Stages 1-5 0.23

Backup 0.54

Mn
279.5
0.2
10
0.625
2.50

0.002
0.008

Pb
217.0
1.0

6

2.5
10

0.00
 0.00

cd
228.8
0.5

3
0.313
1.25

0.000

0.000

Cu
32h.7
0.2
10
0.625
2.50

0.008

0.010

Flame Condition: Oxidizing for all metals -

Fuel Flow Rateg«.

Oxidant Flow Rate: Air we=

Acetylene - 1.2 1/min

Zn
213.9
0.2

0.313

1.25

0.030
0.089

26
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the analyte solutions, conditioﬁs did not exist9 to cause interfer-
ence effects. At the low wavelengths where elements such as lead (217
rm) were examined, the presence of dissolved bits of filter could have
caused signal enhancement due to light-scattering effects. Therefore,
the hydrogen contimwm lamp was used to determine non-atomic absorption;
at no time during the analysis was any found. (This result was expected,
since the measured level of lead in the blank samples was zero.) Thus,
the concentration of each metal in the atmosphere was found by:

: 6
3) = KSoln. Conc.(ppm) - Filter Contam. (ppm)
* » m
At. Gone (ng/ ) St=Z1 Alr Sampling Volume (m>) x

50 ml of soln,
Size distribution curves were then pldtted by using the concentrations
of metals at each stage and calculations similar to those in Table I

(see Figure 7 for a typical plot).

9Depression of copper in the presence of zinc and manganese in
the presence did not take place due to low concentrations invelved,
and the fact that an oxidizing flame, instead of a reducing flame was
used. :
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DISCUSSION OF RESULTS

Concentration Levels

Total suspended particulate matter. Table IITa summarizes on a

seasonal and an overall basis, particulatekconcentrations and particle
size parameters for 2L-hr samples takén from the Broad Street subway
station, and gives comparisons with concentration values obtained from
the Newark EPA high-volume sampler. The overall geometric mean partic-
ulate level for the subway air (187 ,ug/m3) was found to be more than
twice the Federal Ambient Air Quality Standard (75 ;1g/m3 ), with the
2li~hr maximum permissible concentration being exceeded five times during

the course of the survey.

A comparison with the EPA data from the more relevant Military
Park site yields a striking result. Although the EPA sampler was located
only a short distance from the subway station (see Figure 1), its con-
centration data is much lcswer.1 Part of this discrepancy can be explained
~ by the EPA sampler's being situated in a park and set back from traffic,
ﬁhile the subway station was fed by street-level vents. Another factor
to take into account is the differences in the standard geometric deve
jations for the concentration levels. In this case, the o-'g's denote
the range of particulate levels and give estimates of the variability
of the potential volume into which the pollutants were dispersed. The

EPA o-é 's are much higher than the o racorded for the tunnel data,

A TUnder the same conditions in an urban envirorment, the hi-vol
sampler should give a higher concentration due to bounce-off errors
incurred with a cascade impactor. For further information, see R, E.
Lee and S. Goranson, "NASCIN. I. Size Distribution Measurements of
Suspended Particulate Matter in Air," Environ. Sci. Technol., VI (1972),
1022.
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TABLE ITTa. SEASONAL SIZE DISTRIBUTIONS FOR PARTICULATES, 197476

Data for Broad St. Subway Station:

. 1974 1975
Season _ Sum. PFall Win. Spr. Sum. Fall Win. Overall
No. of Samples 1, 16 18 18 15 17 &S 103
Av Midday Tunnel
Temp, °C 25 15 9 1, 26 18 [ 17
Tunnel Particulates _
Av concn, mg/m3 218 188 181 185 202 184 209 192
Av MMD, n 2.08 1.95 1.97 1.99 2.32 2,12 2.01 2.07
Av st ar dev, m  1.92 2.08 2.03 1.98 1.71 2.06 1.97 1.96
% part <1 n 28 32 32 31 22 29 30 29

Max Conen - 422 )Jg/m3 Min Concn - 72 }ug/m3 Samples Above 260 pg/‘m3 -5

Geometric Mean Conen - 187 ;1g/m3 Standard Geo Dev For Concn Data - 1.29

Newark EPA Data for the Corresponding Period - High-Volume Samplers:

No. of Samples ' 9 6 12 8 10 15 ee 60
Site A¥ 3
Av Conen, pg/m 137 98  cee eee  eee  ese  ees 121
Site B 3
Av Concn, upg/m cee  ees 59 66 6l |y LYi

Site A: Geo Mean Concn -~ 107 pg/m3 Standard Geo Dev for Concn Data - 1.6l

Site B: Geo Mean Concn - 52 ,ug/m3 Standard Geo Dev for Concn Data - 1.58

Site A: Parking Lot, Washington St. and Branford Place
Site B: Military Park (see Figure 1)

% Moved to site B in the Winter of 197l.



: 3
TABLE IITb. COMPARISON OF PARTICULATE LEVELS FOR 11/75-1/76

Rush-hr 2h~hr EPA

Samples Samples Data

| No. of Samples : 12 12 10
Av Concn, pg/m3 336 187 L6
Av MMD, n , 2.25» 2.02
Av St Ar Dev, p 2.05 1.99
ZPart <1 27 30 cess

and this is to be expected because ocutdoor sites are more vulnerable
to the variable dispersion effects of the wind, while there is mch
less air circulation in the mostly enclosed subway station. Therefore,
due to the sampler's proximity to a large aerosol source (the subway
cars) and the station's having a lower degree of dispersion, the part-

jculate levels in the tummel are bound to be higher and more stable.

In general, it was observed that stagnant weather conditions

‘ Erough’a about relatively high particulate concentrations in the subway
station and that low concentrations were associated with windy days.

A scan of the seasonal particulate dats indicates that particulate
levels are slightly higher in the surmer pericds, when the greatest

mumber of hazy days are observed in downtown Newark.

Table IIIb presents a comparison between samples taken during
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Figure 5. Comparison of Particulate Levels for the Last Three
Months of the Survey, 11/75-1/76.

21

EPA data for Newark
i | 1 | 1 [} 1§ 1
2 12 22 2 12 22 1 1
NOVEMBER DECEMBER JANUARY



33
the rush hours and regular 2li-hr samples taken within one day of the

rush-hr samples. As can be seen from Figure 5, the EPA data is almost
negligible, and there is a very good correlation between the concen-
tration levels of the other two types of samples, with the rush-hr
concentrations being nearly double thdse of the 2Li~hr samples. This
demonstrates that the majority of the partidulates was produced in

the direct vicinity of the subway station. Since almost half the pol-
Iutants were generated during the six hours encompassing the rush.hours
when the subway and auto traffic was the heaviest, these modes of trans-

portation are implicated as primary sources.

Metals. Table IVa summarizes,on a seasonal and overall basis,
metal concentrations and particle size parameters for iron, manganese,
lead, cadmium, cop;;er, and zinc. Iron (31.7 .ug/mB) and lead (3.85).1g/m3)l
exhibited the highest overall average concentrations. The lowest over-
- all concentration was the 0.027 ;.mg/m3 value recorded for cadmium. Inter-
- mediate overall concentration levels were observed for copper (0.809

)Jg/m3), zine (O.7h9)1g/m3), and manganese (0.381:)1g/m3).

This table also shows very few clear trends in the seasonally
composited metal concentration data. The uniformity of metal concen-
trations (with no discernable increases in winter) indicates that the
contribution from space heating is negligible when compared to the

contribution from transit socurces. Since the subway station is surrounded



TABLE IVa. SEASONAL SIZE DISTRIBUTIONS FOR METALS, 197L-76

- Season
No. of Samples

Iron
Av concn, ,ug/m3
Av MMD, 1
Av st ar dev, n
% part <1

3*
Manganese 3
Av concn, pg/m

Lead 3
Av concn, pg/m
Av MMD, u
Av st ar dev, u

£ part <1

Cadmium
Av concn, ,ug/m3
Av MMD, n
Av st ar dev, n
% part <1 p

Copper
Av concn, ;ug/m3
Av MMD, &
Av st ar dev, n

% part <1

Zinc 3
Av concn, ng/m
Av MMD,

Av st ar dev,

g part <1

Sum.
14

0.861
3.24
1.88

12

0.762
2.20
1.18

21

197L
Fall

16

0.366

L.15
0.72
2.06

56

. 0.028

0.62
1.80
58

Win.

18

Spr.
18

1975
Sum.

15

Fall Win.

17

5

29.2 27.2 37.3 32.8 L5.7

3.08
1.55
8.5

0.363

3.1
0.79
2.15

55

3.12
1.39
5.5

0.338

3.43
0.80
2.0

5L

0.02}4 0.025

0.61
1.77
59

0.89] 0.828

2.72
1.99
20

0.895
1.93
1.53

27

3.10
2.02
15

0.709
1.88
1.47

28

0.87
1.80
53

0.562
2.81
1.87

17

0.818
2.01
1.23

21

3.19
1.19
3.5

0.437

.08
0.8l
2.10

53

0.026
0.75
1.86

56

0.879
3030
1.84

11

0.600
2.02
1.1

23

3.11
1.16
7.5

0.390

ho h3
0-70
2.10

56

0.032
0.51
1.90

60

0.790
2.85
2.08

13

0.781
1.80
1.34

28

3 Manganese has the same size distribution as iron.

3.12
1.41
605

0.517

3.66

0.69
2.05
57

0.028
0052
1.73

61

Overall

103

0.384

3.85
0.75
2.09

55

0.027
0.67
1.83

57

0.809
3.00
1.96

15

0.7L9
1.97
1.1
25

#%The average concentrations of cadmium given are geometric averages.



