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Cleanup of Great Lakes
Pollution from Land Use
Activities—An International
Management Effort

RICHARD R. PARIZEK, Professor of Geology

In late 1972, work began on a comprehensive study of pollu-
tion of the Great Lakes from land use activities. More than
five years later, in July 1978, the final report of the study was
issued. This article outlines the method of approach to this
study and reports some of its results.

The study was the work of the International Reference
Group on Great Lakes Pollution from Land Use Activities
(referred to from here on by its acronym, PLUARG). The
reference group was appointed by the International Joint
Commission (IJC), which is made up of three commissioners
from Canada and three from the United States and was
formed as a result of the Boundary Waters Treaty signed by
the two countries in 1909.

One of the 1JC’s major responsibilities falls into the cate-
gory of “references,” mnvestigations of specific problems—
such as pollution of the Great Lakes—referred to the com-
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Figure 1. Nearshore trophic condition of the Great Lakes as modified from PLUARG

mission by the two governments.

In 1969, studies requested by the IJC on water quality in
Lakes Erte and Ontario (the lower Great Lakes) dem-
onstrated that diffuse land drainage sources of pollutants
were not only signiticant, but also extremely variable, and,

Continued on next page

Liquid-Liquid Extraction—Mixing Oil and

Water to Extract
Metals

K. OSSEO-ASARE
Assistant Professor of Metallurgy

Metallurgical application of liquid-
liquid extraction, popularly known as
solvent extraction or simply SX, dates
back to the 1940s. At that tme, the
teghnique which involves chemically
separating the components of a llqmd
solution, was used to recover uranium
from leach liquors and to separate tis-
sion products.

However, the growth of metallurgi-

, .

A special supplement on the
College of Earth and Mineral
Sciences is bound in this issue.
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Figure 1. Some commercial oxtme extractants. (The
term oxime vefers to the =NOH group.)

cal solvent extraction has been the most
impressive in the last decade."*" This
growth has been closely associated with
the increasing risc ot hvdro-
metallurgy—the treatment ot ores by
wet chemical processes—as an alterna-
uve to traditonal smelting operatons.

The high cost of contl()llmg pollu-
tion from sulfur dioxide is causing sul-
fide ore processors to consider hyvdro-
Continued on page 61

Earthquake Risk in
Eastern Pennsylvania

B. ¥. HOWELL, JR.
Professor of Geophysies

Many persons have expressed surprise
at the occurrence of two earthquakes in
Lancaster County, Pennsylvania, last
year. Actually, there 1s a long history of

carthquakes which have occurred in

eastern Pennsylvania (see table on page
63), and many that have occurred in
New Jersey, Delaware, and as far awav
as South Carolina and Missouri have
been felt in Pennsylvania. Pennsylvania
1s fortunate in that none of these earth-
quakes has been so strong that serious
and extensive damage resulted.

The question occurs, however,
whether with occasional small earth-
quakes there can some day be a large
carthquake. What can we expect? No
definite answer 1s possible until we un-

Continued on page 63




Great Lakes Cleanup—
Continued from first page

therefore, difficult to measure. Sub-
sequent improvements in municipal
waste-water treatment facilities for
pointsources of pollution that had been
mandated by the Great Lakes Water
Quality Agreement (signed by the U.S
and Canaga in 1972) magmfled the re-
lative importance of the land drainage
sources of many pollutants. This made
a clearer definition of the impact of
land use activities and practices on
water quality in the lakes necessary.
The two governments requested the
1JC to investigate pollution of the Great
Lakes system from agriculture, urban
growth, and other land use activides'
and recommend remedial programs.
Thus, PLUARG, consisting of nine
representatives from each country, was
formed.

More than 350 engineers, scientists,
and technicians worked on the specific
tasks and programs formulated by the
reference group,* ? and approximately
$18,000,000 was committed to the
study by the two countries.

(The author of this article was ap-
pointed Pennsylvania's representative
to PLUARG in'late 1972 and served as
the U.S. chairman of Task A which was
responsible for problem assessment,
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management, and control; definition
of research needs; review and assess-
ment of legislative, institutional, and
technical remedial measures and costs;
and development of public consulta-
tion panels and reviews. He presented
testimony before the IJC annual meet-
ingsin 1977 and 1978 and at legal hear-
ings on the PLUARG final report in
1978, having served as U.S. chairman
of the pre-hearing public information
program from July to December 1978.)

The PLUARG study had a threefold
purpose: (1) to determine the causes,
extent, and locality of pollution from
land use activities; (2) to gain an under-
standing of the relative importance of
the various land uses in terms of their
diffuse pollutant loads to the lakes; and
(3) to determine and estimate the cost
of the most practical remedial measures
for decreasing these loads to acceptable
levels.

The study mainly considered ditfuse,
or nonpoint, sources of pollutants, in-
cluding surface runoft from all land
uses and groundwater inflows from the
entire Great Lakes Basin. The atmo-
spheric loads were also evaluated to de-
termine their magnitude.

The terms “diffuse” and “nonpoint”
are used interchangeably in the study.
Pollutants from diffuse sources are
those materials conveyed to the Great
Lakes by natural runoff to tributaries,
ditches, groundwater, or storm sewers,
or as combined sewer overflows. Point
sources, by contrast, are “pipeline” in
nature, such as municipal sewage
treatment plants and industrial waste-
water discharges whether they are dis-
charged directly to the Great Lakes or
to tributaries draining into the lakes.
Point and nonpoint pollutant loads
were both considered when remedial
program recommendations were
worked out.

During the study, supporting techni-
cal papers and reports ot public consul-
tation panels were developed. Pilot
watersheds were studied: tributary and
shoreline loadings were estimated; as-
sessments were made of problems,
management programs, and research
needs; and the legislative and institu-
tional frameworks of the Great Lakes
basin jurisdictions were reviewed.

The Area Studied

All five Great Lakes, their connecting
channels, and the entire Great Lakes
drainage basin, as well as drainage to
the international section of the St.
Lawrence River were considered in the
PLUARG study (Figure I).

The first step was preparation of an
mventory of major and specialized land
uses and practices in the basin. This
provided an information base never be-
tore adequately assembled,* 7 and in-
cluded information on geology, soils,
mineral resources, climate, hydrology,

vegetation, wildlife, waste disposal op-
erations, high-density nonsewered res-
idential areas, recreation lands,
economic and demographic charac-
teristics, and the use of pesticides,
commercial fertilizers, agricultural
manures, and highway salts. Trends in
land use patterns and practices were
also assessed, and projections of
economic and demographic tactors to
1980 and 2020 were niade.> 7
Sixty-one percent of the Great Lakes
basin consists of woodland. Agricul-
tural land, including cropland and pas-
ture, makes up 24 percent of its area:
urban land, including residential,
commercial, and industrial areas,
makes up about three percent; and the
remaining 12 percent consists of recre-
ational lands, wetlands, transportation
corridors, waste disposal sites, extrac-
tive industry sites, and idle lands.
The major jurisdictions involved in
the basin are the federal governments
of Canadaand the U.S., the prov ince of
Ontario, and the states of Illinois, In-
diana, Michigan, Minnesota, New
York, Ohio, Pennsylvania, and Wiscon-
sin. As of 1975, there were approxi-
mately 6,900,000 people living in the
Canadian portion of the basin, and
29,600,000 in the U.S. portion. © A
stgnificant part of the gross national
product of both nations 1s generated in
this area which constitutes the world’s
largest single source of fresh water.

Types and Pathways of Pollutants

Nonpoint- and point-source pollutants
idenufied as part of PLUARG activities
are shown in Table 2. These include
phosphorus, sediments, some indus-
trial organic compounds, previously
used pesticides, and, potentially, some
heavy metals.* Only nonpoint-source
pollutants are derived from land drain-
age.

Unit area loads were used to estimate
the total tributarv loadings of the pol-
lutants to the lakes. These were calcu-
lated by dividing total estimated and
measured pollutant contributions from
a given land area by the size of the land
area.

Two years of monitoring data were
obtained from U.S. and Canadian pilot
watersheds to determine a large

TABLE 1. CONCENTRATIONS OF
LEAD IN GREAT LAKES FISH

No. of Fish Concentration
Lake Analyzed (mg/kg)®
Superior 70 0.012-0.066
Michigan 23 Not Detected-

0.54

Huron 50 0.04-0.10
St. Clair 34 0.47-0.63 "
Erie 49 0.04-0.12 b
Ontario 219 less than 1.0

3the accepted guideline concentration is 10 mg/kg
brange of mean values
Data from several sources cited in PLUARG*







total phosphorus concentration,
chlorophyll concentration, and Secchi
depth (a measure of water quality).

Lakes naturally undergo eutrophica-
tion or a natural aging process which is
a shift from low aquatic plant produc-
tivity to a high productivity. The
poorest water quality (eutrophic to
mesotrophic/eutrophic) results from
heavy loadings of nutrients to the lakes,
especially phosphorus. Bottom waters
tend to be depleted in oxygen, growth
of Cladophora—algae—tends to be ex-
cessive, tastes and odors are a problem
in drinking water, the water has lost
much of its transparency, and the total
clorophyll levels are high.

The poorest water quality appears in
Lakes Ontario and Erie, especially op-
posite major metropolitan areas and in-
tensively farmed tributary watersheds
containing fine-grained soils and drain-
ing into bays. Mesotrophic—inter-
mediate between eutrophic and oligo-
trophic—conditions  characterize
nearly all the remainder of the lakes’
shoreline waters.

Because of the local sediment prob-
lems, Lakes Superior, Huron, and
Michigan are generally oligotrophic—
of the best quality—except in Green,
Saginaw, and southern Georgian Bays,
Lake St. Clair, the Bay of Quinte, and
the south shore, red clay area of Lake
Superior.* Trace elements of lead,
mercury, and arsenic, for example,
may be attached to sediment particles
and be transported from upland areas
to ultimate points of deposition and
long-term (geological) storage within
the lake bottoms. Their concentration
in lake water may be in trace or non-
detectable amounts because of their low
solubility. However, it appears that
some elements can be remobilized by
methylation processes. It has been
found that microorganisms in lake sed-
iments can convert inorganic mercury
into a potent human nerve poison,
methyl mercury.* This appears to be a
common process in aquatic environ-
ments, and recent studies indicate there
is a p0551b111ty that lead, selenium, and
arsenic may also undergo methylation
and, hence, have the potential of being
released from their storage sites. For
this reason, lead contained in lake bot-
tom sediments is regarded as an inplace
contaminant that may become re-
mobilized under changing environ-
mental conditions.

Remedial Programs

The control of diffuse pollutants enter-
ing the Great Lakes will be possible only
after the portions of the watershed that
contribute to water quality problems
have been delineated. Despite the fact
that the lakes are an interconnected sys-
tem, each basin is unique in terms of its
land and lake characteristics, the
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Figure 2. Phosphorus loads for the Great Lakes in
1976, their sources and recommended target loads, as
defined by PLUARG.*

socio-economic characteristics of its
communities, the type and degree of its
pollution, and the physical nature of
individual upland tributary basins.

PLUARG developed criteria for the
identification of potential pollutant-
contributing areas and, within these,
the most hydrologically active areas—
the zones most likely to produce water
pollution from land use activities.

A hydrologically active area is one
within a watershed that produces sig-
nificant amounts of runoff, even dur-
ing relatively minor rainfall and snow-
melt events. Its soils may be poorly
drained and its slopes steep, and the
water table is usually at or near land
surface. Areas with predominantly flat
slopes, such as till plains and emergent
glacial lake plains, typically are poorly
drained and contain fine-textured soils.
When these areas are located near
water courses, surface runoff waters
and entrained pollutants are delivered
very efficiently to streams and lakes just
as they are from more steeply sloping
areas.

PLUARG pilot watershed data
showed, for example, that 15 to 20 per-
cent of the land surface may contribute
up to 90 percent of the total sediment
load from a watershed. Connected im-
pervious surfaces help identify hy-
drologically active areas in urban areas
that, in a general way, correlate with
population density and land use inten-
sity.*

To minimize the costs of implement-

ing blanket remedial measures
throughout the watershed, it was rec-
ommended that technical measures be
applied to the most hydrologically ac-
tive areas. Implementation of remedial
measures on areas adjacent to these
would be(fustlfled to protect the quality
of upland surface water and ground-
water, but not that of the Great Lakes.

PLUARG stressed the importance of
recognizing: (1) the long-term nature
of solutions to most problems of pollu-
tion from land use activities; (2) the
ramifications of these solutions
through most sectors of society; (3) the
involvement of many agencies in the
implementation of the solutions; and
(4) the public consequences of the solu-
tions in such policy areas as food pro-
duction, housing, and public health.*

It was recognized that, as populations
grow and industrial and economic ac-
tivity continues, given current technol-
ogy, pollutant inputs from both point
and nonpoint sources will undoubtedly
continue to grow, and the lakes have a
finite capacity to accept these inputs.*
Therefore, PLUARG recommended
that appropriate pollutant loading
targets g established and long-term
monitoring programs be undertaken to
quantify these loads to insure that the
dilutant and attenuation capacity of the
lakes is not exceeded. Choices for a
combination of both point- and
nonpoint-source control programs are
available, and are part of the environ-
mental management strategy for the
Great Lakes system proposed by
PLUARG.

PLUARG does not favor across-the-
board measures for nonpoint-source
pollution control as was required for
point-source control. Rather, a com-
prehensive strategy for management of
the Great Lakes ecosystem and a
methodology to identify priority areas
to be treated was developed. This
strategy recognized the importance of
developing management plans that in-
clude: (1) a timetable indicating pro-
gram priorities for the implementation
of the PLUARG recommendations;
(2) identification of agencies responsi-
ble for implementation of progams de-
signed to satisfy the recommendations;
(3) formal arrangements to insure
inter- and intra-governmental coopera-
tion; (4) programs through which the
recommendations will be implemented
by federal, state, and provincial levels
of government; (5) sources of fund-
ing; (6) estimated reduction in load-
ings to be achieved; (7) estimated costs
of these reductions; and (8) provisions
for long-term surveillance and public
review.

The PLUARG final report stressed
the need to attack problems on a re-
gional priority basis, and to control
phosphorus, sediment, toxic sub-


















standing of extraction mechanisms is to
be gained. For example, the rate data
for copper extraction by several
commercial oxime reagents indicate
the possible importance of interfacial
rate-limiting reactions.® Under the
sponsorship of the National Science
Foundation, work is currently in prog-
ress in our laboratory here at Penn
State that is aimed at elucidating the
role of intertacial physicochemical
phenomena in metallurgical liquid-
liquid extraction processes.

The interfacial origin of rate-limiting
processes in solvent extraction is not
surprising since the metal ion by itself is
not soluble in the organic phase, and
the organic extractant is generally in-
soluble in the aqueous phase. In order
for the metal ion and the organic ex-
tractant to react, these two species must
meet each other at or near the liquid-
liquid interface.

The extractants used in liquid-liquid
extraction possess hydrophobic-
hydrophilic molecular structures. The
hydrophobic (nonpolar) portions are
either aliphatic or aromatic hydrocar-
bons while the hydrophilic (polar) por-
tions include functional groups such as
-COOH, -OH, =NOH, =POOH,
-SOsH, and =NH. At the organic/
aqueous interface, an extractant
molecule would tend to arrange itself
with its hydrophilic portion directed
toward the aqueous phase and the hy-
drophobic group exposed to the or-
ganic side of the interface. Thus, as a
result of their polar-nonpolar charac-
ter, extractant molecules should be ex-
pected to exhibit (evenif in a more sub-
tle form) some of the characteristics,
such as the lowering of interfacial ten-
sion, of classical surfactant molecules.

Measurements of interfacial tension
have been used to calculate interfacial
concentrations of extractant molecules,
and some of the recent results indicate
that changes in metal extraction rates
obtained by varying diluent composi-
tions can be correlated with changes in
the interfacial adsorption density of ex-
tractant molecules.®

Interfacial effects may be especially
important in mixed extractant systems
involving oxime-type reagents (see
Figure 1) and organic acids such as
phosophoric, carboxylic, and sulfonic
acids. Such reagent combinations are of
both theoretical and practical interest
since they can lead to synergism, i.e.,
extractions far in excess of those attain-
able with either reagent by itself.” Since
the organic acids are generally more
interfacially active than the oximes,
they tend to populate the organic/
aqueous interface in preference to the
oxime molecules. These preferentially
adsorbed acidic extractants can en-
hance reaction rates by acting as phase
transfer catalysts.
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Figure 2. Micellar catalysis in the extraction of nickel
with LIX63-HDNNS mixtures.® The effects of
HDNNS concentration on: A) interfacial tension at the
hexane (10~ moles per liter) LIX63 fwater interface;
B) nickol distribution coefficient, D[=(Ni(org)/ Ni(ag)]

Jfor HDNNS; and C) nickel distribution coefficient for

10 Y moles per liter LIX63-HDNNS mixtures.

The phenomenon of phase transfer
catalysis (PTC) arises from the fact that
two species located respectively in two
immiscible solvents can only react with
great difficulty (if at all) if neither reac-
tant is soluble in its opposite solvent.
The role of the phase transfer catalystis
to transport one of the reactants across
the interface into the opposite bulk
phase where the desired reaction can
then proceed at a more appreciable
rate.

At sufficiently high concentrations,
the salts of the organic acids as well as
the water-wet organic solutions of the
acids themselves form aggregates
known as micelles. These micelles have
a polar core which can solubilize con-
siderable quantities of aqueous solu-
tion. In water-saturated solutions, a
micelle consisting of 17 HDNNS (di-
nonylnaphthalene sulfonic acid)
molecules has a core volume of about
1,650 cubic angstroms and contains as
many as 50 water molecules. These
micelles are capable of catalyzing metal
extraction in mixed extractant systems.
The presence of micellar catalysisin the
LIX63-HDNNS system is illustrated in
Figure 2. Curve A shows the effect of
HDNNS concentration on the
hexane/water interfacial tension. The
change in the slope of this curve at
about 1072 moles per liter represents
the critical micelle concentration
(CMC) which marks the onset of micel-
lization. Extraction of nickel by
HDNNS alone is negligible (Curve B).
In the presence of LIX63, nickel ex-
traction is significant, but only if
HDNNS micelles are also present
(Curve C). The observed synergism in
the LIX63-HDNNS system is related to
the ability of HDNNS micelles to sol-
ubilize both LIX63 molecules (at or
near the bulk organic/micelle interface)
and nickel ions (at or near the micelle/
aqueous core interface).?

If the interfacial region is as impor-
tant as recent evidence suggests, impli-
cations for extraction reagent synthests,
as well as for reagent combinations and
operation of commercial plants, may be
far-reaching. Forty percent of the capi-
tal cost for the world’s largest solvent
extraction plant (Nchanga, Zambia)
came from the inital solvent inven-
tory.! In view of shifting patterns in the
world’s oil supply and the fact that sol-
ventextraction diluents and extractants
are based on petroleum feedstocks, the
need to ensure the most efficient utili-
zation of solvent extraction chemicals
cannot be overemphasized.
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College News Notes

Three Faculty Appointees

Three new faculty members appointed recently
in the college are Dr. Randolph J. Martin, as-
sociate protessor of geophysics; Dr. John F. R.
Mcllveen, associate professor of meteorology;
and Dr. James J. Reuther, assistant professor of
fuel science.

Dr. Martin received his B.S. at Boston College
and his M.S. an Ph.D. at Massachusetts Institute
of Technology. Before coming here, he had been
with the Cooperative Institute for Research in
Environmental Sciences at the University of Col-
orado at Boulder, most recently serving as an
associate professor.

Dr. Mcllveen has a B.Sc. from Queen’s Univer-
sity, Belfast, Northern Ireland, and a Ph.D. from
the Imperial College of London. He came here
from the University of Lancaster in England
where he had been a lecturer in meteorology
since 1971,

Dr. Reuther has a B.A. from the State Univer-
sity College at Oneonta, N.Y., and an M,A. from



the State University of New York at Binghamton.
N.Y., and will receive his Ph.D. in fuel science
from Penn State this month.

Named AIME Honorary Member
Jesse Fo Core, adjunct prolessor of mining en-
gincering. was installed as an honorarv member
ol the Amertcan Institute of Mining, Metallurgi-
cal. and Petroleum Engineers (AIME) at its an-
nual meeting carly this vear in New Orleans, La.

There may be onlv 50 living such AIME mem-
bers at any ume. and Mr. Core was one of four
men honored this vear. He was cited for “his
dedication and concern for the salety of all
people engaged in mining, and his ability to moti-
vate and develop leadersin the mining industry.”

A T938 Penn State mining engineering
graduate, he receinved the University's Distin-
guished Alumnus Award in 1966, Alter being
active in the mining industry for 41 vears, he
retired from UL S. Steel Corporation in 1977 as
statt consultant on coal to the president. He had
served from 1958 to 1976 as vice president tor
coal operations.

Rodgers Writes Book on Italy
Dr. Allan Rodgers, professor of geographv, is the
author of a book. Economic Development in Retro-
spect: The Ttalian Model and Hs Significance for Re-
gional Planning i Market-oriented Economies, pub-
lished recently by Scripta/Wilev, Washington,
D.C. and New York, NUY.

Designed for geographers, regional ccon-
omists, and planners, the book presents a spatial
view of economic development experience in

southern Tralv within the broad framework of

regional growth theory.

Thirty vears of development practice are
examined, using data derived from interviews
with plant managers and government officials as
well as published and unpublished government
statistics, for an analvsis of the growth process in
southern Iraly, an area termed the “Merzo-

E&MS Calendar

Foldersdescribing the following continuing education of ferings
of the College of Earth and Mineral Sciences at Penn State's
University Park Campus may be obtained by writing (Name of
Programi. Keller Bldg., University Park. PA 16802 or by
phoning 814-865-7557.

Underground Mining Analysis, Junc 11-15.
Evaluation of Innovative Mining Equipment
and Systems, June 18-21.

14th Biennial Conference on Carbon, June
25-29.

Particle Size Analysis, July 9-11.

Cooperative Mining Instructor Training, Julv
10-12.

Production Engineering in Underground Coal
Mines, July 11-13.

Mining Professional Engineering Exam Re-
view, July 23-27.

Modern Developments in
Technology, July 23-27.
Trailing Cable Splices for Underground Mines,
July 30-August 1.

Materials Transport in Mining, August 20-22.

Combustion

Diesel Equipment in Underground Mines, Au-
gust 27-29.

Design of Hydrology Aspects of Surface Mines
to Achieve Regulation Compliance, September
10-12.

Cement Manufacturing Technology, September
10-13.

Fuel-efficient Lime Manufacture, Scptember
[3-14.

giorno.” This region, Dr. Rodgers explains, has
long been viewed as a classic example of subna-
tional underdevelopment. and the study is par-
ticularly concerned with the area’s evolving geo-
graphical pattern of industrialization under gov-
ernment planning and subsidization. The south-
ern lalian experience is then compared with the
regional development pracrices in other
market-oriented economies i Western Europe
and Anglo-America.

Dr. Rodgers has published extensively on re-
gional development problems in Italv and the
Soviet Union. This book is the product of more
than three vears of research in Italy that was
supported by the Ttalian Fulbright Commission,
the Guggenheim Foundation, the Cassa per il
Mesrsogiorno, the National Science Foundation,
and the University.

Darken Honored Posthumously

Dr. Lawrence S, Darken, who retired as professor
of mineral sciences in 1977, and died last June,
was honored posthumously atlast winter's annual
meeting of the American Institute of Mining,
Metallurgical, and Petroleum Engineers in New
Orleans, La.

He was awarded the William Hume-Rothery
Award ot the Insttute of Metals Division of The
Metallurgical Society ot ATME. This honor rec-
ognizes outstanding scholarly contributions to
the science of alloys.

Dr. Darken joined the Penn State faculty in
1972 after his retirement from U.S. Steel Corp.

Alumnus Named WVU Dean

Joseph WL Leonard, who has two Penn State
degrees—a B.S. in mining engineering awarded
in 1953 and an M.S. in mineral preparation he

received in 1958 —was recently named dean of’

the College of Mineral and Energy Resources at
West Virginia University.

Head of the WV'U Coal Research Bureau since
1961, he had been acting dean of the college for
the past vear. He is the author ot 10 books and
110 other publications and holds 24 patents. In
1969, he received the Howard N. Eavenson
Award for outstanding contributions to the coal
industry which is given by the American Institute
ot Mining, Metallurgical. and Petroleum En-
gineers.

Gifts to Electrical Laboratory

Two gifts were made recently by companies to the
Mine Electrical Research Laboratory of the De-
partment of Mineral Engincering.

A rectifter was recetved from the Ireland Mine
of Consolidation Coal Company, Washington,
Pennsylvania. Valued at $1,500, it will be used to
supply d-¢ power to a shuttle car thatis being used
in research.

A d-c selective relaving svstem valued at $200
was given by Pemco Corporation, Bluefield, West
Virginia. It will be used in both research and
teaching.

Earthquake Risk—

Continued from first page

derstand better what causes earth-
quakes in this part of the world.

It is widely believed that eastern
United States earthquakes are the re-
sult of minor adjustments of the crust

ol the earth as it drifts westward over
the earth’s deeper interior. Earth-
quakes, according to this theorvy, occur
where there are weaknessesin the rocks
or along the boundaries between prov-
inces of contrasung types of rocks.
Eastern Pennsylvania lies in a diffuse
belt of very minor seismicity running
from Alabama to Canada along the
castern edge of the Appalachians.
Large earthquakes occurred in this belt
in 1755 at sea east of Boston, in 1886
near Charleston, South Carolina, and
in 1929 at sea south of Newfoundland.
A similar earthquake could some day
occur i Pennsvlvania.

The probability of such an earth-
quake in anv given vear is easily pre-
dicted, but with uncertain accuracy. It

PENNSYLVANIA EARTHQUAKES

Mercalli
Date Year Place Intensity
Oct. ? 1728  Philadelphia ?
Dec. 7 1737 Philadelphia ?
Oct. 30 1763 Bucks County ?
Apr. 25 1772 Delaware V. v
Nov. 29 1780 Bucks County ?
Nov. 29 1783 Philadelphia V-V
Nov. 30 1783 Philadelphia v
Mar. 17 1799 Philadelphia ?
Mar. 17 1800 Philadelphia ?
Mar. 29 1800 Philadelphia ?
Nov. 20 1800 Dauphin Co. ?
Nov. 29 1800 Philadelphia v
Nov. 12 180t  Philadelphia ?
Dec. 8 1811 Philadelphia VIi
Mar. 14 1828  Pittsburgh -1V
Nov. 11 1840 Philadelphia v
Nov. 14 1840 Philadelphia v
May 31 1884  Allentown \
Mar. 8 1889 York \
Mar. 9 1889 York ?
May 31 1908 Allentown |
Oct. 29 1934 Erie v
Nov. 5 1934 NW Pa. i

Aug. 26 1936
June 9 1937
July 15 1938
Aug. 28 1938
Apr. 2 1939
Nov. 15 1939
May 28 1940
Oct. 16 1941
Nov. 23 1951
Jan. 7 1954

Mercer County 11
Berks County ?
Blair County Vi
Philadelphia ?
Lancaster Co. ?
Philadelphia ?
Near Harrisburg 7
Centre County ?
Allentown ?
Sinking Springs  V
(many aftershocks)

Sinking Springs  ?
Wilkes-Barre Vil

Jan. 24 1954
Feb. 21 1954

Feb. 23 1954 Wilkes-Barre Vi
Aug. 11 1954  Sinking Springs ?
Sept. 24 1954  Sinking Springs  ?
Jan. 20 1955 Berks County v
Sept. 14 1961 Lehigh Valley Y
Dec. 27 1961 Pa.-N.J. Border V
Sept. 7 1962  Fulton County ?
Oct. 10 1963 Fulton County ?
Feb. 13 1964 Blair County v
May 12 1964 Cornwall |
Dec. 7 1972 Lancaster Co. Y
Feb. 28 1973 NJ & Phila. V-VI
July 16 1978 Lancaster Co. V-V
Oct. 6 1978 Lancaster Co. v

Where intensity is not listed, it was small. Principal
sources: U.S.C.G.S. and Dominion Observatory lists, H.
Landsberg, R. W. Stone and L. Winkler.
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