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Long-Term Trends in Total Suspended Partiéulaies.,
Vanadium, Manganese, and Lead at near Street
Level and Elevated Sites in New York City

Paul J. Lioy, R. Peter Mallon and Theo. J. Kneip

Institute of Environmental Medicine
New York University Medical Center

Long-term concentration measurements of TSP, V, Ph, and Mn
have basn made In New York City, Throe month moving averages

have been constructed trom integrated waekly data collected at the

NYU Medicat Center rooftop.site Irom 1968-78. Rooftop vs. 1st floor
concentration comparisons have been made. al two locations for the
periods 196870 and 1976-78. TSP, V, Pb and Mn have decreased
In ambient concantration over the entire study. This reflects the
controls incorporated on sources over the 10 yr period. The rooflop
v, 1st floor analyses have shown the influsnce of source distribution
on canceniration patiarns. V levels showad ho difference between
the reoftop and 1st fioor concentrations, which demonstrates the
elevaled nature of the sources and uniforra mixing of material in the
atmosphere. Pb, Mn, TSP, showed higher values at the ground, which
would be Indicative of ground level sources. During 1978, Mo and Pb
increased throughout all (Pb) or part {Mn) of the yoar. The concen-
trations of these materials do.not approach values which have bean

related % known health effects, although the present Pb values have
. exceeded the NAAQS.

Atmospheric aerosols can have significant effects on the en-
vironment. At current concentrations, the principal effects
are assaciated with the degradation of visibility, local weather
modification, soiling and material erosion. More importantly,
however, airborne particulates have long been known to be
associated with deleterious health effects.’ Studies conducted

.t this laboratory2® have focused on the characterization of

the Total Suspended Particulates (TSP) present in the New
York City ambient atmosphere. The principal sources of the
TSP are those common to most cities, and include power
generation, space heating, ineineration, industry and the au-
tomobile, plus natural and transported particles_.v

Studies have shown the effect on reported airborne lead
concentrations of sampler location in relation to a roadway.*®
In New York City, one study has shown that there is a dif-
ference in the time of the street level diurnal lead peaks for
crosstown versus uptown-downtown streets at a given inter-
section.® However, no data have appeared on the average
long-term differences between street or Jow level and elevated
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sampling sites in a largecity. Since the automotive transport
system contributes lead (Pb) and other metals contained in
fuel additives to the TSP, a study was undertaken of the
long-term differences obsetved between first floor and rooftop
{12~14th floor) samplers.

Since sampling has been performed during two different
periods in two locations in the city, the long-term trends in
airborne particulate mass and composition were also consid-
ered in developing an understanding of the observed results.
Concentrations.of TSP and the elements vanadium, lead, and
manganese have been evaluated for this study.

Methodology

Weekly composite air samples were collected continuously
at a rooftop site from 1968-70 and 1972-78, and from 1976-78
at a first floor level site located at the New York University
Medical Center. The rooftop site is situated above the 14th
floor of the midtown NYU School of Medicine residence hall
about 70 meters from the East River Drive and the lower
sampler is about 25 m from and 4 m lower than the East River
Drive. Each sample was collected on a Type A Gelman glass
fiber filter using a moderate flow (0.57 m3/min) sampling
system. The filters were weighed for TSP and portions were
digested in HNO3 and HCIO;4. The samples ‘were then ana-

lyzed for the trace elements using atomic absorption spec-

trophotometry. A thorough description of the sampling system
and analytical procedures is found elsewhere.?

Results
Long-Term Trends al Rooftop Sites

Since 1969, there has been a steady decrease in the TSP
detected at the NYU Medical Center Rooftop site* with the
most significant reductions occurring between 1969-70 and
1972. This trend is a continuation of and consistent with the
decreases recorded by the National Air Survellance Network
from the late 1950's through the 1960’s. The 1978 TSP con-
centrations were approximately 40% of the 1969 values, and
25% of the values in the late 1950’s.

* Figures depicting: 1) the Jong term trends in TSP, Ph, M, and V and 2) the rooftop ground
TSP and V at the HASL and NYU sites are available {upon 3 ) from the auth
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Similarly, the concentrations of Fb, V, and Mn have de-
clined as changes have occurred in fuel types and fuel quality.
For instance, the reduction of the sulfur content of ofl from
>3% prior to 1967 to <0.3% since 1972 has accounted for much
lower coriributions of TSP and V concentrations due to oil
burnmg 8 Several changes have occurred in regulations of Pb
in gasoline and are generally reflected in the decline of the Pb
concentration. The elimination of coal burning since 1967 has
reduced Mn levels by 4 to 5 fold.

The overall reductions, however, may be deceptive as the
atmospheric dispersion in New York City is highly variable. 910
Both the morning mixing height and wind speed are highest
during the winter period. An index of the potential average
weekly volume into which pollutanis can be dlspersed has

ceed the others (Figure 1), These two peaks are associated with
the periods of fuel variances during the extraordinary winters
of 1973-74 and 1976-77 and show that the normalized con-
centrations for these two periods were similar to the normal-
ized concentrations of the late 1960s.

While there was a general decrease in the ambient TSP
concentrations the normalized TSP values had a less pro-
nounced decline (excluding the winters 1973-1974 and
1976-1977). This suggests that a return to lower average dis-
persion conditions, combined with increased emissions, could
result in higher actual ambient aerosol concentrations than
those observed in recent years.

Rooftop Versus First Floor Level Site Concentrations

Since 1976, particulate samples have been takef,x atthefirst

floor NYU Medical Center station simultaneously with the

2001
rooftop samples. This station is situated near the southbound
i lanes of the East River Drive; hence close proximity to a major
160 source of automotive emissions. Data were also available for

TSP {pg/m?3)
8 B3

‘il

1970 1872 1974 19786 1978
Year
Flgure 1. Dispersion normalized NYU Rooftop TSP concen-
trations for the period 1969 through 178 as 3 month moving
averages. .

F-3
o
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* been computed as the product of morning mxxmg heightand -

wind speed through the mixing height. This index is called the
dlsperston factor.® It was shown that the dispersion pattern
is eyclie with the winter having 2 to 3 times the ventilation
capacity of summer.

To observe trends that might otherwise be masked by the
meteorological fluctuations, the TSP data have been nor-
malized to a 3-hr average dispeision factor.8°The normalized
data are shown in Figure 1. The effect of increased winter
.emissions is evident in the figure with the normalized winter
TSP now exceeding the normalized summer concentrations.
The normalized TSP data show two winter peaks which ex-

the period 1969 through 1970 from the DOE’s Environmental
Measurement Laboratory (EML, formerly the AEC Health
and Safety Laboratory, HASL). These reoftop (13th floor) and
first floor sites are located in lower Manhattan at Hudson and
Varick Streets, and provide historical perspective for the
roo%op versus first floor level concentratlon comparisons at
NY

Statistical ahalyses were conducted to compare the data
from the rooftop and first floor sampling sites at both the
EML and NYU locations. The results of paired-t tests listed
in Table Iinclude the mean concentration + 1 a, the level of
significance, and the least square regression correlation
coefficients for the roof and first floor.

The TSP concentrations are approximately 17% higher at
the first floor site for both locations with a statistical signifi-
cance level p <0.005. At the NYU sites; which reflect present
emission patterns, the TSP concentratxons at the street site
presently average close to the primary NAAQS of 75 ug/m3.
In addition, the general decline in rooftop TSP values ob-

served from 1969 through 1978 is also evident from the two

periods of first floor level sampling.

The trends in the NYU first floor level Pb concentrations
correlated with the rooftop values (p <0.01) over the 1976-78
period, and the concentrations (Figure 2) were statistically
different between the two elevations with a p <0.005. The Pb
concentrations at the rooftop averaged about 934-ng/m3, and
were usually between 60 and 80% of the first floor concen-
trations. Similar results were observed for the EML (HASL)
daté, although the concentrations at the roof were usually
above 1500 ng/m3. Recent results from the NYU sites indicate

TableI. Statistical relatmnshxps between the roof and first floor sites at both the New York
University Médical Center and Environmental Measurements Laboratory. New York Cxty

Paired t-test Least ’
Roof vs. first floor squares
" Mean concentration Concentrations cort. coef,
Vari- . . . ~ Xr=xr  Roof-
able Roof (Xp) First floor (/) Sign. Level (p) >0 Ground
_ Medical Center o ‘
TSP 58.7 & 12.7 68.4 4 10.0 <0.005 Yes 0.50*
Pb 0.934 £ 0.287 1.196-% 0.387 <0.005 Yes 0.43*
Mn 0.020 + 0.005 0.026 + 0.008 <0.005 Yes 0.20
v 0.053 & 0.030 0.047 £ 0.032 No sig. diff. No 0.66*
_ Environmental Measurements Laboratory (HASL)
TSP 103.3 + 23.0 125.9 + 25.6 <0.005 Yes 0.24
Pb 1.816 + 0.394 2614 +0.811 <0.005 Yes 041
Mn 0.066  .022 0.060 + 0.018 No sig. diff. No 0.05
v " 0666 % 0.383 0.667 +0.276 No sig. diff. No 0.940

s Level. of significance p < 0.01 i_nd.'icating an association between roof and first floor trends.
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Figure 2. Rooftop and first ficor (ground) etevation Pb conce ions for the

HASL (EML) and NYU Medical Center Site as 3 month moving averages.

that the first floor and roof concentrations are not following
the long-term trends and have been increasing toward 1600
ng/m?3 (3 month moving average),

In contrast to the TSP and Pb results, no significant dif-
ference ¢ould be discerned between the concentrations of
vanadium measured at the roof and first floor sites at each
location. Moreover, V concentrations at both elevations had
a significant correlation with r = 0.66 and 0.95 (p <0.1) for
NYU and EML, respectively.

The TSP, Pb, and V data have shown a general decrease in
ambient concentration since 1968, This is also true for Mn at
‘both the rooftop and first floor sites prior to 1976 with the first
floor concentrations normally <25% higher than the rooftop
concentrations (Figure 3). However, for a portion of 1976 and
throughout most of 1978, the NYU first floor level Mn in-
creased to 2,0-2.4 times greater than the rooftop concentration-
{Max. diff. = 25 ng/m?. In addition, for the 1976-78 period,
" “the trends in rooftop and first floor Mn values did not corre-
late. However, when the two previously indicated periods are
omitted, a correlation with significance p <0.01 appears. In
contrast, at EML (1968-70) no statistical difference was ob-
served between the first floor and rooftop Mn concentrations.
This is not apparent in the 3 month mc»vmg average because
of the presence of two extreme excursions in Mn, one recorded
at each elevation. These brief excursions can distort the
moving averages while not affecting paired-t or statistical
correlation tests. No such excursions in the monthly data were
seen for the other elements.

Discussion

For both the rooftop and first floor leével data, it is apparent
that, since 1968, the concentrations of TSP, Pb,and Vand Mn
'have been genetally on the decline. Primarily, this has been
the result of the use of low sulfur (and low ash) oil and the
implementation of various control strategies on incinerators
and automobile lead emissions. In addition, over the entire
period, the concentrations of these materials have been below
those associated with potentlal health effects, although atthe
first floor site TSP is still near the primary air pollution
standard.

Comparison of the weekly average TSP and Pb concen-
trations recorded at the first floor level and the rooftop indi-
cates that the first floor level concentrations are usually
higher. This would be expected since the first floor level
sampler is in closer proximity to the emissions which can be
released directly or indirectly from the automobile or other
ground level sources.

In contrast, there was no significant difference observed
between the weekly average V concentrations measured at the
two elevations for both locations. This is-a consequence of the
V being assaciated with power plants and residential and
commercial boilers which have elevated emission points.

February 1980 Volume 30, No. 2

Under the infuence of the atmospheric mixing processes, the
V containing particles will mix downward and produce a fairly
uniform column, which would lead to the observed pattern

" while ground level sources would yield a more pronounced

vertical gradient. During the period 1968-70, the higher
concentrations of V and TSP abserved at the EML site were
associated ‘with fuels of high sulfur and V content and re-
sulting emissions.

Manganese, however, exhibits two patterns. For the period,
1968-70, no difference was observed in the Mn.concentrations
measured at the rooftop and first floor. This result probably
reflects the fact that Mn was being emitted by coal-fired en-
ergy sources, and the emission would occur at elevated points. -
Tt follows that the Mn distribution would be similar to the
distribution described for V spatially if not temporally.

The 1976-78 sampling for Mn follows a different pattern
than that above. The statistical analyses and visual compar-
isons of the curves indicate that there were significant dif-
ferences between the rooftop and first floor concentrations
which could be a result of increases in emissions from street
level sources. This in fact was the case because of the use of
methyloyclopentadxeny tricarbonyl (MMT) as an octane
booster in no-lead gaSOIme. The resulting combustion prod-
ucts are primarily in the form of Mn3Os.1! Since MMT re-
duced the efficiency of the exhaust catalyst, there was an
initial demand for reduction in its use, with the EPA finally
banning MMT in October 1978. Downward trends in the
street level ambient concentratxons have occurred in Octo-
ber-November 1976, and again in June—July 1978, which seem
to reflect-anticipation of the actual regulatory actions.

After the introduction of no-lead gasoline, the ambient Pb
concentrations continued to decrease, and reached a low value
of approximately 10001200 ng/m3 at the first floor site. The
removal of MMT and its product MnzO, was not a singular
event, as EPA permitted a phase-out period. Almost simul-
taneous with this activity, however, concomitant increases in

" the Pb were observed.

The health effects associated with ambxent Mn are not
clearly defined!? although recent studies have indicated that
effects should only occur at much higher concentrations.!?
Conversely, Pb has been shown to accumulate in lung tissue
when ambient concentrations are >1.8 ug/m!415 (the new
NAAQS is 1.5 ug/m® monthly average). Presently, the Pb
concentrations surpass these values, which indicates that the
Pb increases could possibly, in the short term, result in the
enhancement of a potential health hazard. Additional Pb in-
crements to the air could yield greater risks to children in
urban areas since there is believed to be a narrow margin of
safety associated with current urban blood Pb levels.!® Further
analyses to determine the reasons for the recent increases in
Pb are planned, and hopefully will yield information which

will be beneficial to the understanding of the present con-

centration patterns.
100[: HASL 100~ Medical Center
80 80 ® Roof
L I & Ground
% 60. - 80}
-
£ B
S a0l a0} ,.?,.%
- . N - W N
| ® Raoof 1 AW
20- aGround 20w :
1 i L
0 : S H I.. — pu 1 " ] 3 .
1968 1969 1970 1971 1976 1977 1978 1979
‘Year Year
Figure 3. Rooftop and first tloor (ground) elevation Mn ¢ ions for the

HASL (EML) and NYU Medlical Center Sites as 3 month moving averages.
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- Cdhclusions

The comparison of long-term mufbop versus first floor level
airborne concentrations of various materials has been shown
to be valuable in understanding the sources and dlstnbutlon
TSP

"The comparison has also shown that it is possible to dxscern
long term changes in ambient concentrations of materials at
a first floor level site when there is an alteration in one of the
additives used in gasoline. Since alferations in these and other
source emissions can be significant, prudent exammatxon of
the potential health hazards associated with emissions from
the.combustion of new fuels must be continued.
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