Patterns
of Pollution

in

Basin

n the last day of 1985,

New York City’s North

River Wastewater Treat-

ment Plant officially

opened. The city’s 13th

sewage plant, North River began treat-

ing 145 million gallons of (previously

untreated) waste water per day when the

primary system became fully opera-

tional in spring 1986. When Red Hook,

the 14th plant, opens in 1987 to process

45 million gallons of sewage each day,

fully 100 percent of the city’s daily 1.6

billion gallons of waste water will re-
ceive at least primary treatment.

Eliminating the addition of 190 mil-

lion gallons per day of raw sewage into

New York Harbor is one example of the

slow but steady progress being made in

14

By Robert U. Ayres and Samuel R. Rod

cleaning up the rivers and coastal waters
of the Hudson-Raritan basin (see Figure
1 on page 16). But with this progress
arise many practical and policy-relevant
questions concerning the anticipated
benefits for the basin of physical and in-
stitutional actions, past and ongoing.
When can we expect to see measura-
ble changes in the ambient levels of vari-
ous pollutants in the river and estuary?
What changes should we expect to see in
the health of the estuarine ecosystem,
and how quickly should the changes be-
come apparent? In particular, can we
expect recovery in important sports and
commercial fish stocks in the river?
There is a growing data base on cur-
rent pollution sources, environmental
transport pathways, bio-uptake and

concentration processes, and toxic ef-
fects. It is therefore possible to charac-
terize the state of the Hudson-Raritan
basin fairly well from about 1970 on-
ward. The National Oceanic and At-
mospheric Administration, for exam-
ple, has sponsored general overview
projects to estimate the levels and
sources of major pollutants from 1975
to 1980."

Basin History

Despite the recent attention to the
region, historical information that is
crucial to answering the preceding ques-
tions is still scarce. Polluting activities
occur over decades. Furthermore, large
natural systems generally respond
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Hudson River and Manhattan, 1895.

slowly to these perturbing influences
and they recover slowly. Thus it is im-
portant to estimate the historical load-
ings into the basin of numerous toxic
and nutrient pollutants resulting pri-
marily from human activities. Better
estimates of natural background levels
are also needed.

Without historical background data
it remains uncertain whether long-term
population changes in commercial fish
stocks are caused by changes in patterns
of fishing (or overfishing), dredging and
other physical disturbances, eutrophi-
cation, or toxic waste disposal. In view
of the problem’s complexity, it is partic-
ularly hard to attribute specific conse-
quences to contaminants only recently
monitored, like metals and pesticides.

For example, nearly all of the current
loading into the Hudson River of some
discontinued chlorinated pesticides
(notably DDT) and polychlorinated bi-
phenyls (PCBs) comes from past pro-
duction, use, and disposal. Intensive
chlorinated pesticide applications began
replacing metal-based pesticide use in
the late 1940s; PCBs were used and rou-
tinely discharged in large quantities in
the region by the early 1950s. For heavy
metals as well, a large portion of present
river loadings apparently results from
past activities and environmental accu-
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mulations of various kinds. Significant
use of arsenic, cadmium, chromium,
copper, lead, mercury, silver, and zinc
began in the Hudson-Raritan basin be-
fore 1900.

Unfortunately, systematic studies of
concentrations of trace contaminants in
the Hudson-Raritan basin did not ap-
pear until around 1964. At that time
New York University began a survey of
radionuclides, and later expanded it to

.NEW YORK HISTORICAL SOCIETY

local dissolved oxygen concentrations
decreased from almost 70 percent satu-
ration in 1909 to below 40 percent in the
late 1930s. Since then concentrations
have been slowly increasing and reached
about 70 percent saturation in 1983.°
Total and fecal coliform concentrations
in New York Harbor increased from
1950 to 1960, leveled off until 1973, and
then decreased. The use of chlorine to
disinfect effluent in all New York City
plants by 1973 is cited by DEP to be
“correlating well with the observed
improvements in the sanitary quality of
the receiving waters.””

However, apart from a few measures
such as those related directly to sewage
treatment, no other data are to be found
in administrative archives to reconstruct
past, or historical, pollution loads and
effects. Only recently has in-depth re-
search on historical pollution in the
Hudson-Raritan basin begun. There are

Reconstructing an

Environmental History

include trace metals and pesticides.*
The New York City Department of En-
vironmental Protection (DEP) began
measurements of the metals on the U.S.
Environmental Protection Agency’s
““priority pollutant’’ list only in 1973.}
Better estimates can be made of
the historical fluctuations in sanitary
treatment-related water quality meas-
ures such as the total and fecal coliform
(bacteria) and the dissolved oxygen con-
centrations. DEP has records that show

two lines of approach. First, there is in-
creasing activity in field collection and
radionuclide dating of sediment cores—
a kind of natural archive of environ-
mental sinks. These cores offer the only
widely distributed historical record of
actual pollutant deposition. Second,
there is some complementary investiga-
tion into the original sources of the his-
torical pollutant loads that have left
their traces in the basin’s sediments (see
box on page 19). The relationships be-

15



FIGURE 1. Hudson-Raritan drainage basin.
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Note: Indicated are former PCB entry points at Hudson Falls and Fort Edward, sampling locations,
and other landmarks. Western Long Island is not formally part of the basin but is included in the
analysis as it drains inte New York Harbor.
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tween pollution sources and sinks
(cores) will be an increasingly important
topic for research in the coming years.

A first systematic and quantitative
look at the complex and changing net-
work of pollution sources and transport
paths in the Hudson-Raritan basin since
1880 was completed last year.® The pur-
pose of the study was to provide data
concerning the long-term relationships
between commercial fish stocks and
human activities in estuarine waters.’
Relying solely on recent empirical data
was known to be inadequate, since fish
populations respond to pollution trends
on time scales of several decades.

The major contaminants studied fell
into three categories of materials
thought to pose the greatest present
threat to the ecosystem or to humans:

® heavy metals—arsenic, cadmium,
chromium, copper, mercury, lead,
silver, and zinc;

e pesticides and herbicides—DDT,
TDE, aldrin, lindane, chlordane, diel-
drin, endosulfan, endrin, heptachlor,
methoxychlor, and toxaphene; and

e other critical pollutants—PCBs,
polynuclear aromatic hydrocarbons, oil
and nitrogen, phosphorus, and total
organic carbon.

The pilot historical pollution study
was broken down into categories of
pollutant sources and receptors (see
Figure 2 on page 17), chosen, in large
part, on the basis of the availability and
reliability of the supporting quantitative
data. The flows of materials from
sources to the surface waters of the
Hudson-Raritan basin were calculated
by using the materials-balance method-
ology described in the box. For land
uses, historical documentation resolved
the region into four broad categories
(see Figure 3 on page 39):

e developed land (urban and subur-
ban, industrial, commercial, and resi-
dential) with separate sewage and
storm-water conveyance;

ROBERT U. AYRES is a professor in the De-
partment of Engineering and Public Policy
at Carnegie-Mellon University in Pittsburgh,
Pennsylvania. SAMUEL R. ROD is a doctoral
candidate in the department.
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® developed land with combined
sewage and storm-water conveyance;

e agricultural land (all crops and cul-
tivation methods); and

* undeveloped land.

Pollutant Loadings

The pilot studv using the mass-
balance technique has generated a pic-
ture of the types and amounts of pollut-
ants that reach the Hudson-Raritan
basin. The origins of pesticide pollu-
tion, although the amounts are difficult
to quantify, are generally clear. River
loadings come almost entirely from
run-off of recent applications and of
undegraded residues of past applica-
tions (see Table 1 on page 18). PCB
loadings come from two basic sources:
nonpoint sources (sewage and run-off)
and specific known industrial sources
(see Table 2).

Historical patterns of metal emis-
sions and run-off present a more com-
plex picture because of the multiplicity
of uses, sources, disposal methods, and
transport pathways. Actual river load-
ings of metals from run-off are typically
smaller than the mass of emissions from
the primary sources (see Tables 3 and
4 on page 20). This is because a signifi-
cant portion of the emitted contami-
nants is permanently retained on land.
Exceptions, such as high cadmium and
copper run-off, occur where large na-
tural sources of metals exist or where
particularly large past environmental
accumulations (slag-heaps and landfills,
for example) contribute to the pollution
load through leaching.

The histories of mercury and lead re-
leases into the Hudson-Raritan basin
provide instructive examples of the dif-
ferent source characteristics to be found
among many toxic poliutants, Mercury
and lead, both highly toxic metals, are
judged by environmental scientists to be
“high-priority” pollutants.® They are
also, at the moment, the only two met-
als that have been analyzed from Hud-
son basin sediment cores dated as far
back as the 1800s. This direct environ-
mental evidence is valuable in validating
the metals’ reconstructed emission and
run-off trends.

Environment, Vol. 28, No. 4

Mercury

The approximately 60 metric tons of
mercury emitted into the basin in 1980
came from sources in three major cate-
gories: intermediate industrial uses, bio-
cide applications, and consumer end
uses (see Figure 4 on page 40). Present
industrial releases are mainly from
losses of unrecycled catalysts and rea-
gents; final consumer-related emissions
are mostly from mercury in discarded
hearing-aid and watch batteries,
switches, and other electrical or
electronic equipment (see Table 5 on
page 41).

Widespread use of mercury-based
fungicides for agricultural purposes
began in the 1930s, peaked in 1956, and
dropped sharply after 1968 as the
dangers of mercury in the environment
became apparent. Mercury was used as
an antifouling agent in marine paint, as
an antisliming agent in the paper indus-
try, and as a fungicide for seed grain in
the 1940s and 1950s. Interestingly, a
cluster of small firms in northern New
Jersey accounted for close to 60 percent
of mercury-based national fungicide
sales in the 1960s.” Before World War
II direct consumer uses were more sig-
nificant. Mercury was used in mirrors,

FIGURE 2. Anthropogenic emission and transport of pollutants.
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fuels, and residual oil.

Metallurgical operations include iron and steel foundries; copper, lead, zing, and other
nonferrous metal primary and secondary refiners and smelters.

Fossil-fuel combustion includes all heat and power burning of coal, petroleum distillate

Consumer end uses include all end uses by consumers as distinguished from interme-
diate uses (emissions) in industrial processes.

Industrial sources include all losses from industrial plants and processes other than
metallurgical operations and the burning of fossil fuels for heat or power. Also, indus-
trial emissions refer only to pollutants released from the point of production, not those
embodied as trace residues in final products. Chemical uses embodied in final products
ultimately are released into the environment through the consumption of the products,
and are therefore included in the end-use category.
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Environmental
Analyst

Job Order No.: 6566071

Conducts research studies to develop
theories or methods of abating or control-
ling sources of environmental pollutants,
utilizing knowledge of principles and con-
cepts of various scientific and engineer-
ing disciplines: Determines data collec-
tion methods to be employed in research
projects and surveys. Plans and develops
research models, using knowledge of
mathematical, statistical, and physical
science concepts and approaches. lden-
tifies and analyzes sources of pollution to
determine their effects. Collects and syn-
thesizes data derived from pollution
emission measurements, atmospheric
monitering, meteorological and minera-
logical information, and soil or water
samples. Prepares graphs, charts, and
statistical models from synthesized data,
using knowledge of mathematical, statis-
tical, and engineering analysis tech-
niques. Analyzes data to assess pollution
problems, establishes standards and' de-
velop for control of pollution.

Strong background in the use of ad-
vanced technology analytical tools and
techniques for chemical analysis.

Masters of Science in Environmental
Science. 40 hours per week, 8 a.m. - b
p.m., $22,217.00 per year.

Contact Louisiana Department of Em-
ployment Security, 1102 East Georgia
Street, Ruston, LA 71270.
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The __ 3V
American Hiking
Society...

To explore, enjoy and
preserve America’s trails

The American Hiking Society
1701 18th Street, N.W.
Washington, D.C. 20009

YES! I wish to lend my support to the preserva-
tion of America’s trails. Please enroll me as a
member of The American Hiking Society:

[} Life $500 (] Contributing $100
I Family $25 ] Foreign $25

[ Individual $15 ] Student $10

[ Senior Citizen $10

Dues & Contributions are Tax-Deductible

Total amount enclosed $

Name

Address___

TABLE 1
ESTIMATED PESTICIDE LOADING INTO THE HUDSON-RARITAN
BASIN (metric tons per year)

CHLOR- DIEL- HEPTA- TOXA-
YEAR DDT LINDANE ALDRIN DANE DRIN ENDRIN CHLOR PHENE
1980 1.9 0.08 0.001 2.8 0.005 0.001 0.025 0.020
1976 2.4 0.21 0.006 5.6 0.021 0.005 0.023 0.041
1971 3.5 0.28 0.010 8.5 0.030 0.007 0.026 0.050
1966 4.6 0.50 0.014 6.2 0.064 0.010 0.025 0.052
1964 4.7 0.64 0.010 5.6 0.066 0.010 0.023 0.054
1960 5.0° 1.20 0.006 5.1 0.078 0.012 0.022 0.053
1955 3.4 2.00 0.003 4.4 0.067 0.011 0.019 0.053
1950 2.5 1.70 0.001 3.1 0.003 0.004 0.014 0.037
1945 1.1 0.10 = 0.2 - — — —

3peak occurred in 1957 when forests were sprayed to control gypsy moths.

RNy .=
ESTIMATED PCB LOADING INTO THE
HUDSON-RARITAN BASIN (metric tons per year)

SOURCES
SEWAGE AND
YEAR INDUSTRIAL® RUN-OFF TOTAL
1980 1.0 1.5 2.5
1975 7.4 2.9 10.3
1973® 15.0 4.0 19.0
1970 1.8 5.0 6.8
1960 1.8 2.0 3.8
1950 1.8 1.0 2.8
1940 0 0.5 0.5

3Loading came from two electrical manufacturing plants {production losses)
plus scouring of sediments behind Fort Edward Dam.

bpask occurred when Fort Edward Dam was removed.

L o o i e

medicines (some taken orally), ther- electrolysis. Several mercury-cell chlo-
mometers, antiseptics, and as a preserv-  rine plants were located in northern
ative for felt hats. The antibacterial  New Jersey."

treatment of fur or wool with mercuric Compared with mercury emissions
nitrate left the products with 2 percent from consumer and manufacturer uses,
to 3 percent mercury by weight. One-  mercury emissions from coal combus-
third of the mercury volatilized during  tion and various metallurgical opera-
the finishing of the hats; the remainder  tions were minor. Mercury is a trace
slowly dissipated to the air during the element in bituminous coal, which pro-

life of the hat." vided most of the power for industry,
Until after World War 11 mercury  railroads, and residential heating, and
fulminate was extensively used as a det-  virtually all of the electricity for the

onator for explosives. Beginning in the ~ Hudson-Raritan basin between 1880
1950s the major single use of mercury  and 1950. By the 1950s the efficiency of
was in the manufacture of chlorine by  electrostatic precipitators for smoke
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A Method for Reconstructing the
History of Pollution Emissions

he method for piecing together his-

torical patterns of pollution releases
takes advantage of the available data
that are most complete. Since very few
direct measurements were made in the
past (pollutants of current interest were
usually unintended and unmonitored by-
products of other activities), documen-
tary evidence of releases is drawn mainly
from the records of economic activity.
The available data are integrated into a
“routing’’ network for the flow of each
pollutant, from raw materials through
processing (with accompanying material
losses), shipment of products, consump-
tion, and finally to waste disposal.

Throughout the material cycle, the
principle of conservation of mass is ex-
plicitly adhered to, so that the overall
method is referred to as a mass-balance
approach, balancing at each step
amounts put into the system with
amounts taken out.! Mass balancing
helps to resolve or at least minimize the
discrepancies that crop up while quanti-
fying the complex movements of pollu-
tants. Gaps in historical data, if they are
relatively few, can be inferred from
known values in the immediately sur-
rounding network. The process is much
like reconstructing a fossil skeleton,
even though it may be missing a few
bones.

In the pilot historical study of the
Hudson region, the level of geographic
resolution is fairly coarse. The break-
down of the material cycles (qualitative)
is generally limited by the availability
and reliability of the mass-balance
(quantitative) data. For instance, ‘‘con-
sumer end uses’ of chemicals (in Figure
2 on page 17) could be subdivided into
smaller subcategories.

he generalized procedures used to

estimate certain chemical emissions
into a river basin are straightforward.
The total U.S. consumption of a chemi-
cal for a particular end use is multiplied
by the fraction used by the state. The re-
sulting state allocation is then multiplied
by the fraction of the state population
living in the river basin. Multiplying the
basin allocation by an emission coeffi-
cient for each end use and summing over

all end uses yields the total consumer-
related emission of the chemical in the
river basin.

A similar scheme applies to pollutants
released through the burning of fuels.
The total U.S. consumption of a fuel is
multiplied by the fraction of fuel used by
the state. The state fuel consumption is
multiplied by the fraction of the state
population in the river basin and by an
emission factor for the pollutant of in-
terest. The result is the total combustion-
related emission of a pollutant in the
river basin for a given fuel.

Some key consumption data are avail-
able only at the national level although
some consumption patterns are re-
gional. This is particularly critical in esti-
mating the emissions of pollutants asso-
ciated with agriculture. The U.S. use of
an agricultural chemical is multiplied by
the fraction used by the region and by
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the U.S. use of the chemical by crop.
The results are the chemical uses per
crop in the region, assuming uniform
planting, infestation, and other pat-
terns. These quantities are divided by the
acreages of the various crops in the re-
gion to vield chemical use per acre per
crop in the region. These values are then
multiplied by the acreages of crops in the
river basin and summed to yield the total
agricultural use of the chemical in the
river basin.

Once released from the various

sources, pollutants that do not
enter surface waters directly are dispersed
and deposited on land. Both the emis-
sion coefficients® needed for source cal-
culations and the transport coefficients
needed to quantify pollutant dispersion
in the environment can be found in nu-
merous published sources.

Pollutants on land, from both human
activities and natural sources, are eroded
and mobilized (transported) and finally
enter the basin’s surface waters as indi-
rect run-off. Several environmental
transport models are available to des-
cribe these processes. The pilot historical
study used the Level 1 screening version
of the U.S. Department of Agriculture’s
Surface Water Management Model.?

Pollutant run-off rates vary greatly
with the particular use of land, so that
changes in land use over time strongly
influence pollutant loading from non-
point sources into the rivers. For exam-
ple, roughly 25 percent of the solids dis-
lodged from some cultivated fields during
storms actually reach the river, while for
urban areas (largely paved) the run-off
rate is frequently higher than 90 percent.

NOTES

1. R. U. Ayres, Resources, Environment and
Economics: Applications of the Muarerials/Energy
Balance Principle (New York: John Wiley & Sons,
1978).

2. Mass of pollutant released per unit mass of
waste water, flue gas, or other effluent.

3. ). P. Heany, W. C. Huber, and S. J. Nix,
Storm Water Management Model: Level I, Screen-
ing Procedures, Technical Report EPA-600/
2-76-275 (Washington, D.C.: Environmental Pro-
tection Agency, 1976).

Environment,
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ESTIMATED ANTHROPOGENIC EMISSIONS OF METALS IN THE
HUDSON-RARITAN BASIN (metric tons per year)

AR- CAD- CHRO- MER-

YEAR SENIC MIUM MIUM COPPER LEAD CURY SILVER ZINC

1980 680 50 880 1,100 9,600 60 60 7,800
1970 1,100 120 1,500 1,300 14,000 110 50 10,300
1960 960 100 1,700 1,000 12,500 60 40 8,800
1950 1,100 90 1,600 1,200 12,400 70 40 9,300
1840 1,700 80 1,600 1,400 12,200 70 20 8,600
1930 1,300 50 540 670 7,800 60 10 7,400
1920 830 60 660 890 9,700 50 10 5,800
1900 250 30 700 730 1,700 30 5 1,800
1880 60 10 160 240 50 30 1 540

BT R P = e R e e e e L L )
ESTIMATED LOADING OF METALS INTO THE SURFACE WATERS
OF THE HUDSON-RARITAN BASIN (metric tons per year)

AR- CAD- CHRO- MER-
YEAR SENIC MIUM® MIUM COPPER® LEAD CURY SILVER ZINC
1980 280 60 430 1,500 2,500 b 4.0 3,600
1970 440 140 750 1,700 3,500 9 3.3 4,700
1960 380 110 770 1,300 3,000 5 2.5 3,800
1960 420 93 660 1,600 2,800 5 2.3 3,800
1940 600 83 680 1,700 2,700 5 1.1 3,500
1930 850 47 210 740 1,600 4 0.7 2,700
1920 230 48 220 820 1,600 3 0.5 1,800
1900 64 18 210 610 250 2 0.2 490
1880 15 6 52 210 10 2 0.1 160

ACadmium and copper river loadings from run-off exceed their anthropogenic emissions in recent
times. Their usage and disposal patterns over time point to some leaching from past disposal sites.
For copper there is also a significant contribution from erosion of natural copper in soil.

NOTE FOR TABLES 1-4: The river loadings for pollutants are summed over all land-use categories
{see Figure 3) in the Hudson-Raritan basin, The river inputs are calculated as the metric tons of pol-
lutant per hectare per centimeter of rainfall for each land use in a given year, multiplied by the area
in hectares for that land use and by the annual rainfall. The release rates from the different land-use
types actually vary dramatically. For metals, developed land with combined sewage and storm-
water conveyance has a run-off rate about four times greater than the run-off rate of developed
land with separate sewage and storm-water conveyance, about ten times greater than that of culti-
vated land, and roughly one hundred times greater than that of undeveloped land.

control had climbed above 90 percent,
eliminating much of the coal-related
mercury pollution.

Lead

Lead emissions reveal a different pat-
tern over time (see Figure 5 on page 40
and Table 5). By far the biggest single
source of lead in the environment since
World War 11 has been the use of tetra-
ethyl lead as an additive in automotive
gasoline, a use that actually began on a
small scale in the 1920s. Environmental

20

regulations begun in the mid-1970s have
had a clear effect on lowering lead emis-
sions from gasoline and other sources.

Before World War II lead found its
way into the environment primarily as
an ingredient in exterior paints. (Red
lead is still widely used in anticorrosion
paint for iron and steel.) As paint ages
and weathers, the lead is released into
the environment. The larger tonnages
of metallic lead—used in automobile
batteries, pipes, foils, soldering, sound-
proofing, and radiation shielding—did

not actually result in significant losses to
the environment except in secondary re-
COVETY Processes.

In 1899 two refineriecs—Balbach
Metals in Newark, New Jersey, and
American Smelting and Refining Com-
pany (ASARCO) in Perth Amboy, New
Jersey—accounted for 32.5 percent of
the total of 222,000 metric tons of re-
fined lead in the United States. Other
Hudson-Raritan basin facilities also re-
fined silver and lead, and some engaged
in primary smelting as well. These and
other metallurgical operations began
closing or leaving the region in the 1930s
and 1940s. The Balbach plant closed in
the 1920s, but the ASARCO lead refin-
ery operated until 1961. These refineries
produced significant emissions of lead.
Secondary lead recovery is still carried
out in a number of small plants in the
industrial areas of northern New Jersey
and Staten Island.

Core Comparisons

The pilot historical analysis traces the
routes of pollutants from their sources
to surface waters. There have been
other recent advances in techniques to
assess pollutants in sediment cores
taken from river beds, harbor floors,
marshes, and wetlands. Such sediment
cores have provided the only long-term
historical record of pollutant deposition
in the Hudson-Raritan basin. The trick
is to find locations where the sediment
records are undistorted by natural
scouring, by deposition of large
amounts of coarse debris, by channel
dredging, or by numerous other types
of disturbing conditions.

Researchers at the Lamont-Doherty
Geological Observatory of Columbia
University in the late 1970s performed
what appears to be the first reliable core
dating in the Hudson basin. They used
radionuclide analysis of atmospheric
fallout from nuclear weapons testing
and of effluents from the Indian Point
nuclear power plant (located on the
Hudson River about 40 miles north of
Manhattan)."”” At sampling sites with
favorable conditions, the radioactive
tracers can pinpoint sediment deposi-

(continued on page 39)
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In balancing the pros and cons of in-
stituting controls, it seems to me that
the issue now boils down to one of
values more than to information that
science can provide. Those who believe
that the pride in practicing good stew-
ardship of the environment is worth the
monetary costs can demonstrate the
reality of adverse environmental ef-
fects. Those who insist that more needs
to be known before controls are insti-
tuted do so because they are willing to
take risks with the future environment
in order to avoid near-term economic
costs. The understanding we have
achieved about surface-water acidifica-
tion has taken 20 years, and details are
still lacking on some key questions. It is
unlikely that there will be a clear con-
sensus on the questions concerning ter-
restrial systems in the next 5 or perhaps
even 10 years. The clear consensus,
however, is that waiting for more
answers from scientific investigations
will be accompanied by demonstrable
environmental costs.

NOTES

. E. Robinson, ““Natural Emission Sources,” in A.
P. Altshuller and R. A. Linthurst, eds., The Acidic
Deposition Phenomenon and Its Effects. Critical
Assessment Review Papers, vol. |, Atmospheric Sci-
ences (Washington, D.C.: Environmental Protection
Agency, 1984).

2, U.S. National Research Council, Acid Deposition:
Atmospheric Processes in Eastern North America
(Washington, D.C.: National Academy Press, 1983).
3. LS. National Research Council, Acid Deposition:
Long-Term Trends (Washington, D.C.: National Aca-
demy Press, 1986). Copies are available from National
Academy Press, 2101 Constitution Avenue, N.W.,
Washington, D.C. 20418.

4. The model used followed the work of F. Mosteller
and J. W, Tukey, Data Analysis and Regression: A Sec-
ond Course in Statistics (Reading, Mass.: Addison-
Wesley, 1977).

5. U.S. Environmental Protection Agency, Compila-
tion of Air Pollutant Emission Factors, AP-42, 3rd ed.
(NTIS PB-275525), Supplements 1-7 and 8-14 (Spring-
field, Va.: National Technical Information Service,
1977).

6. The first four bulleted items represent the language
of the report, the last two are paraphrases by the author.
7. U.S. National Research Council, note 2 above.
8. U.S. National Research Council, Acid Deposition:
Processes of Lake Acidification (Washington, D.C.:
National Academy Press, 1984).

9. ). R. Kramer and A. Tessier, “‘Acidification
of Aquatic Systems: A Critique of Chemical Ap-
proaches,”  Environmental Science & Technology
16(1982):606A-615A.

10. U.S. National Research Council, note 2 above,
287-289.
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Patterns of Pollution
fcontinued from page 20)

tion for approximately each year since
1954, the first year there was measur-
able fallout. The record is very useful to
mark the changes in deposition of chlo-
rinated hydrocarbon pesticides, which
became popular just before the 1950s.
However, even longer sediment his-
tories are needed to trace pollution from
heavy metals, major uses of which in
some cases go back to colonial times.

Recent radionuclide dating work
using naturally occurring lead 210 (with
a half-life of 22.3 years) appears to be
able to extend the time horizon for core
dating back before 1800." With this ap-
proach, cores have so far been dated
from two marshes along the Hudson
River (about river mile points 100 and
120)."

Although very few dated cores from
the Hudson-Raritan basin exist today,

those that have been dated and analyzed
for toxic pollutants reveal tantalizing
clues about past pollution. By assessing
pollutant deposition in an environmen-
tal receptor, or sink, they complement
the historical analysis of pollution
sources.

Three pollutant examples are pre-
sented here. The first (see Figure 6 on
page 42) compares the historical input
of PCBs into the Hudson-Raritan basin
with PCB concentrations in two cores
taken from the central Hudson basin
(river mile points 52 and 89)." As of yet
there is no method for relating—with a
high degree of confidence—the yearly
amount of a substance released into the
river to the substance’s concentrations
in sediments. Hence the comparison is
limited to a qualitative look at the his-
torical trends of PCB release from the
source to the receptor.

The major historical sources of PCBs
in the lower Hudson were two General
Electric Company capacitor plants,

FIGURE 3. Land use in the Hudson-Raritan basin.

3,600
3,400 4 i
3,200
3,000 |

G

2,800 1
2,600 T

A E
S

2,400+
2,200}
2,000 |

ke B
e

PR

1,800+

Area
(thousands of hectares)

1,600 4

T
e

1.400 1
1,200 +

e

1,000 +
8001
600}
4001
2004

&

e e

i
Gl b
i

R
B

£
i
i

ERERERE R

0

S e e

G e B
O e e
o
St
i
A

o

i i

i
T =
i

A e

B B e e b e D S
A
G e G R e B e i (i i

R

2 &

i

4
=
.

R e e S i R R i R N S R S R e

G

EEE e e
- - -
el e e

W

Developed with separate sewage and storm-water

conveyance

Developed with combined sewage and storm-water

conveyance

w P

-
0
w
=]
0
5
(=]
Ed
©
o
(=]
-
©
D
o
ol
©
~
=}
-k
0
-]

0

Agricultural
Undeveloped

<
®
[T
]

39



Emissions

Emissions
{metric tons)

{metric tons)

FIGURE 4. Annual mercury emissions in the Hudson-Raritan

basin,

1880-1980.
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both upstream from Albany and well
upstream from the core locations. Until
1973 most of the PCBs released were
trapped in sediments behind the dam at
Fort Edward, New York, between the
General Electric plants and the core
sites. In 1973 that dam was removed, re-
sulting in a large inadvertent release of
PCBs downstream. The benchmark
year of 1973 revealed such a clear PCB
peak on all records that it can be used as
the reference point to normalize the
curves for earlier and later years.

From 1960 to 1977 (the year the sam-
ple cores were taken) the profiles of
both estimated releases and sediment
deposition coincide, giving at least a
qualitative feeling of confidence in the
validity of the methods involved. At this
time it is impossible to say why emis-
sions of PCBs before 1960 do not seem
to show up in the downstream sedi-
ments. Are releases from early periods
overestimated? Were the early river in-
puts held up behind the Fort Edward
dam? More research is needed to re-
solve these questions.

As well, estimates of historical mer-
cury and lead run-off have been com-
pared with estimates of mercury and
lead deposition taken from the same
core (from Tivoli marsh at river mile
100)'"® that has been dated back to the
early 1800s (see Figures 7 and 8 on pages
42 and 43). The year 1980 was selected
as the benchmark for normalizing the
plots because sharp coincident peaks do
not exist in the metals data. Having nor-
malized the two curves at 1980, the re-
mainder of the historical profiles seem
to match fairly well, given that the
single core used could be susceptible to
local effects while the run-off estimates
are averaged over the entire Hudson-
Raritan basin.

A Whole-Basin Perspective

Reliable information on past as well
as present pollution is essential for
understanding long-term environmen-
tal trends and for establishing techni-
cally sound policy for resource manage-
ment in the Hudson-Raritan basin. The
historical data are needed because sig-
nificant fractions of current river loads

May 1986



of many contaminants are actually de-
layed releases from past production,
use, and disposal activities. It is clear
that historical studies are important in
identifying long-term relationships be-
tween human activities and conditions
in the ecosystem. However, the rele-
vance of the historical materials-
balance approach to questions of river
policy may need more discussion.

Many studies have already been per-
formed on specific ecological niches in
the Hudson-Raritan basin. The bulk of
the work, though, has been on a micro-
scale and has relied on large numbers of
field measurements. While these studies
are vital to understanding the complex
relationships and mechanisms operat-
ing in the basin, they are conducted on a
scale inappropriate for answering
broader policy questions for the region
as a whole. A different and more aggre-
gated level of resolution is appropriate
for research addressing regional policy
issues."”

As examples, two recent studies have
scrutinized pollution run-off from local
urban and suburban watersheds at a
resolution of a few hectares.'® As com-
prehensive as these studies were, they
could not stand alone in terms of assess-
ing pollutant loadings into New York
Harbor because they neglected to con-
sider the effects of several of the rele-
vant sources, including the entire upper
Hudson River and the drainage basins
in New Jersey.

The historical materials-balance
method is tailored to a whole-basin per-
spective; it is designed to help address
broad policy questions." Supporting
data (weather and point discharges, for
example) for historical work and the
level of detail of mass transport models
are averaged on a whole-basin scale as
well. But although basinwide policy-
making employs macroscale models
and data averaging, most of the param-
eters in the macroanalysis are likely to
be derived from the microscale studies.
Erosion, aerosol dispersion and deposi-
tion, averaged rainfall values, and other
data are all derived from studies of
small areas. Thus the large-scale analy-
sis depends on fine-scale data and
models.

Environment, Vol. 28, No. 4

TABLE 5 |
MAJOR USES OF METALS, 1880-1980

METAL 1880s-1920s 1930s-1950s 1960s-1980s
ARSENIC Biocides Biocides Biocides
agricultural® agricultural nonagricultural
nonagricultural® nonagricultural agricultural
Glass and ceramics
CADMIUM Paint and pigment Plating® Plating
Paint and pigment Batteries
Alloys Paint and pigment
Photography and Plastic stabilizer
lithography
CHROMIUM Paint and pigment Paint and pigment Alloys and miscella-
Leather tanning Plating neous metallic uses
Tanning Paint and pigment
Alloys Plating
Tanning
Qil-drilling mud
Wood preservative
COPPER Metallic uses: All metallic uses All metallic uses
architectural Biocides Biocides
brass and alloys agricultural agricultural
plumbing Catalysts Industrial fungicide
electrical Paint and pigment Antifoul paint
Biocides Wood preservative
agricultural Catalysts
LEAD Metallic uses: All metallic uses All metallic uses
architectural Batteries Batteries
plumbing Paint and pigment Gasoline additive
soldering Gasoline additive Paint and pigment
Paint and pigment Biocides
Batteries
MERCURY Medical? Batteries Electrolytic chlorine
Biocides Medical products
nonagricultural Electrical instru- Antimildew and
Electrical instru- ments marine paint
ments Catalysts Batteries
Paint and pigment Biocides Electrical instru-
Wool and felt anti- agricultural ments
bacterial agent nonagricultural Medical and dental
Batteries Dental alloys uses
Mirrors Catalysts
SILVER Silverware Silverware Photography
Jewelry Jewelry Electrical equipment
Coinage Photography Silverware, coins, and
Photography Coinage jewelry
Electrical equipment  Soldering and brazing
Soldering and Catalysts
brazing Batteries
Mirrors
ZINC Galvanizing Galvanizing Metallic uses

Metallic uses
Paint and pigment
Catalysts

Brass and alloys

Metallic uses
Paint and pigment
Rubber vulcanizing
Rayon processing

Galvanizing
Paint and pigment
Process chemical:
rubber
floor covering
textiles
photocopying
Motor oil additive

Note: Uses are listed in order of decreasing amounts (metric tons per year) consumed during the

time period.

2Biocides (agricultural): Agricultural insecticides, herbicides, and fungicides

bgiocides {nenagricultural): Pesticides for all nonagricultural applications excluding medical uses
“Plating: Electroplating and related protective cover processes
YMedical: Medical, dental, and pharmaceutical uses
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RCRA and the Rivers

As one example of a regional policy
issue, the results of the pilot Hudson-
Raritan basin historical study can be ap-
plied to predict some effects of soon-to-
be implemented environmental laws.
The Hazardous and Solid Waste Con-
-gressional Amendments of 1984 (also
known as the Resource Conservation
and Recovery Act, or RCRA, reauthor-
ization) will become law in September
1986. The new small-quantity generator
rules will have widespread economic
impacts on small businesses—from dry
cleaners to motor freight terminals—in
the Hudson-Raritan basin.* Those gen-
erating over 100 kilograms but less than
1,000 kilograms per month of any of
the RCRA-listed hazardous materials
will be subject to the reporting, ship-
ping, and manifesting requirements
now applied only to larger generators.

Will the new rules lead to significant
improvements in the condition of the
Hudson-Raritan basin and the health of
its marine and human inhabitants? We
can infer from basinwide historical evi-
dence that for many specific pollutants
the answer is yes. But for a few contam-
inants, such as PCBs and persistent pes-
ticides, the new rules will not lead to sig-
nificant improvements because their
principal sources are not addressed by
the regulations.

Levels of nearly all important pollut-
ants have declined in New York Harbor
under the environmental laws of the
1970s.% The large generators of wastes
appear to have been regulated about as
far as is practical considering costs ver-
sus benefits. The next step in reducing
pollution under the new laws may have
to emphasize regulating the end uses of
various pollutants. As shown by the
materials-balance analysis, such uses
are now the major sources of many crit-
ical contaminants.

For the metals arsenic, chromium,
mercury, lead, silver, and zinc, dissipa-
tive consumer end uses are now the
dominant sources of river inputs. In ad-
dition, for cadmium and copper partic-
ularly and for the other metals to a
lesser extent, natural metal sources and
remobilization (from possible leaching

a2

FIGURE 6. Comparison of historical Hudson-Raritan river loading
with sediment concentration: PCBs.
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and erosion of old disposal sites) of
historical wastes may contribute large
fractions into the river; these sources
also remain unregulated.

For currently used pesticides, the new
RCRA rules will probably lead to some

environmental improvements, but for
pesticides applied in the past, residues
of which contribute to current pollutant
loads, the rules will have no effect.
River loadings of persistent chlorinated
pesticides can be seen to be decreasing,
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concentration: Lead.

FIGURE 8. Comparison of Hudson-Raritan river loading with sediment
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and will continue to decline. This is not,
however, a result of the latest round of
regulations. It is essentially attributable
to outright bans on most uses of these
pesticides in the 1960s and early 1970s.
For certain other stable (metals) or per-
sistent (PCBs) contaminants, a signifi-
cant reservoir of potentially leachable
material remains in slag-heaps or dump
sites from past production, use, and dis-
posal. In such cases visible improve-
ments in the ecosystem from any new
remedial actions may be slow to appear.

The historical materials-balance
studies that have been performed so far
reveal new insights about the complex
network between old pollution sources
and the ultimate fate of the contami-
nants released into the Hudson-Raritan
basin. The high copper loadings, for in-
stance, appear to be derived from bulk
disposal of refinery slag. Current and
historical source identification and
emissions estimates, when compared
with recent DEP measurements of cop-
per concentrations in local water col-
umns and sediments, point to areas

Environment, Vol. 28, No. 4

around Staten Island and in the Upper
East River as likely locations of as yet
unidentified copper smelting and refin-
ing slag-sites.

Still, more quantitative studies of
long-term releases from present and
past nonpoint sources are needed to fill
in the tentatively sketched networks of
pollution release and transport. Some
new analytical tools are now in hand to
make the job easier.
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