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The Great Investigator does it again!

The case of “Who has monitoring instruments

CSLl/ MELOY'

The Super Sleuth claims that the answer to the mystery was
found in this ancient papyrus. Experts question the authenticity
of the final set of symbols (lower right hand corner), but it is a
fact that CSI offers the finest air monitoring instruments in the
world, and here is the proof:

NO, NO,, NO,

CSI 1600—Designated by EPA as a reference method, uses
the proven nitric oxide-ozone chemiluminescent detection
principle. Unexcelled in measuring low level NO . Built-in diag-
nostic display system.

CSI 2100/2200—Battery operated portables with ac adapter/
charger. NO, levels from 10 ppb to 50 ppm. The 2100 covers
the OSHA ranges, and the 2200 covers EPA ranges.

Circle 1 on Reader Service Card.

S0,, H,S
CSI/MELOY SA700—Continuous fluorescence SO, monitor
designated by EPA as an equivalent method in accordance with
40 CFR Part 53 as: EQSA-0580-046 in FR/Vol. 45, No. 94/
May 13, 1980, p 31488. Unique design provides faster re-
sponse, higher sensitivity, lower noise and reduced drift. Cer-
tified ranges of 250, 500 and 1000 ppb.
CSI/MELOY SA285E—Continuous flame photometric ana-
lyzer, fully tested to EPA specs. Low detection limit of 0.5 ppb.
EPA approved ranges from 0—50 ppb to 0~1000 ppb. Can be
equipped with internal span check permeation tube option.
CSI/MELOY SA285H—Most sensitive H,S Monitor built
today. Used in Sour Gas fields and plant atmospheres. Detection
to 0.5 ppb. Circle 2 on Reader Service Card.
51 COLUMBIA SCIENTIFIC
INDUSTRIES CORFORATION

PO. Box 9908/ Austin, TX 78766/TWX 910-874-1304
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S.H. claims the above is
[from the chapter delailing
“Air Snuffing" in Egypt
circa 2600 B.C.*

INTRODUCING
CSI STACK GAS ANALYSIS SYS-
TEM: A NEW, VIRTUALLY MAIN-
TENANCE-FREE, PRECISION
SAMPLING UNIT FOR H S, TS, SO,,
NO, NO,, NO,, CO,, and hydro-
carbons in stack effluents is now avail-
able. Using established design principles,
the DS210 is *‘Compliance Tested” and per-

forms well within EPA Performance Regulations. The
analysis system is performance proven, and the EPA
designated ambient monitors insure full-time operation
at a startup and an annual cost significantly below ex-
isting sampling units and systems. The built-in calibra-
tion system using SRM referenced gasses is in full com-
pliance with EPA recommendations, and calibration is
carried out at stack temperatures and equivalent flow
conditions to eliminate temperature and pressure depen-
dent variables. Circle 3 on Reader Service Card.

MONITORING INSTRUMENTS FOR OZONE AND
HYDROCARBONS

Ask about the EPA designated CSI 2000 (portable) and
CSI/MELOY 0A325-2R and 0A350-2R ozone analyzers.
For Hydrocarbons ask about the CSI/MELOY HC500-2C/-
2D/-2E. CSI also offers a complete line of calibrators for
audit and precision applications and also a complete line
of air supplies.

Circle 4 on Reader Service Card.

*Egyptologists may debate assignation of authorship related to portions of this document.
But there is no question about wha wrote the book on Air Monitoring: CSI/Meloy did it.
¥ '

Cali or write today for more information:
In Texas—512/258-5191
Outside of Texas—TOLL FREE 800/531-5003
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1
Bioregeneration of activated carbon
saturated with phenol. Wayne A.
Chudyk* and Vernon L. Snoeyink
An increase in adsorptive capacity,
resulting from bacterial removal of
material adsorbed on carbon, is shown
to occur in seeded GAC columns.

5
Decomposition of organic matter in
lake sediments. Yoram Avnimelech,*
J. Roger McHenry, and John D.
Ross

The decreases with depth of organic
carbon, nitrogen, and total phosphorus
in sediments from 64 lakes, reservoirs,
and estuaries across the U.S. are ana-
lyzed.

12
Elemental partitioning in ash deposi-
tories and material balances for a coal
burning facility by spark source mass
spectrometry. Robert J. Conzemius,*
Timothy D. Welcomer, and Harry J.
Svec

Enrichment and material balance
are measured for 62 elements in one
lowa and one Colorado coal by using
SSMS as the sole analytical tech-
nique.

18
Physicochemical properties controlling
polychlorinated biphenyl (PCB) con-
centrations in aquatic organisms. Glen
R. Shaw and Des W. Connell*
Uptake and bioaccumulation of
PCB’s by mullet and polychaetes are
influenced by partition behavior and
the adsorption characteristics of the
PCB onto a surface.

23
Retrospective analysis of the response
of Saginaw Bay, Lake Huron, to re-
ductions in phosphorus loadings. Victor
J. Bierman, Jr., David M. Dolan,*
Robert Kasprzyk, and John L. Clark
Loadings to Saginaw Bay from the
Saginaw River for total phosphorus
and dissolved ortho phosphorus were
55% and 72% lower, respectively, in
1980 than in 1974.

31
Fish/sediment concentration ratios for
organic compounds. Michael Stewart
Conner

The concentration ratio of organic
contaminants in fish to the sediments
from their habitat increases with hy-
draulic retention time of the basin.

35
Characterization of individual particles
in the Phoenix urban aerosol using
electron-beam instruments. Jeffrey E.
Post* and Peter R. Buseck

Both qualitative and quantitative
EDS analyses are used to examine
more than 8000 particles, ranging in
size from 0.1 to 30 um.
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Nonreversible sorption of phenolic
compounds by sediment fractions: The
role of sediment organic matter. Peter
J. Isaacson* and Charles R. Frink
The nature of organic matter asso-
ciated with sediment influences the
sorption of compounds that take part
in hydrogen bond interactions.
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Atmospheric reactions of N-nitroso-
dimethylamine and dimethylnitramine.
Ernesto C. Tuazon* William
P. L. Carter, Roger Atkinson, Arthur
M. Winer, and James N. Pitts, Jr.
The rates of reactions of NDMA
and DMN with O3 and OH radicals
are determined along with the pho-
tolysis rate of NDMA in the presence
of excess O;.

55

Adsorptive displacement from activated
carbon: Recovery of 4,4'-dichlorobi-
phenyl. Tiren Gu and Milton
Manes*

Linear isotherms are observed in
both cyclohexane and toluene solvents
when naphthalene is added to these
systems as a displacer.

NOTES

58
X-ray photoemission spectroscopy of
environmental particles. Terrence
Jach* and Cedric J. Powell

The value of XPS in conjunction
with sputter-ion bombardment as a
means of obtaining depth profiles of
small particle samples is presented.

CORRESPONDENCE
61

Comment on “Acid fog.” W. B. Innes
Michael R. Hoffmann

* To whom correspondence should be addressed
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EDITORIAL

Equal protection for all

The environmental and public health communi-
ties welcomed the passage of the 1974 Safe Drinking
Water Act (SDWA) since it authorized the first
mandatory quality standards for all publicly supplied
drinking water in the U.S. It was assumed by many
that development and implementation of quality
standards, monitoring requirements, and other pro-
tective measures provided for by the act would mean
improved drinking water quality for all U.S. con-
sumers. However, extension to all U.S. water con-
sumers of whatever protection compliance with
drinking water standards offers has not happened in
the nearly 10 years of the act’s existence. The reasons
for this are concealed in the mechanics and require-
ments of the act itself.

Congress did not realize just how many small water
systems are operating in the U.S. In 1974 it was
thought that the total number of community systems
was 20 000, whereas today EPA estimates almost
60 000. Well over 90% of these systems serve fewer
than 10 000 people. This inaccurate information was
derived from state estimates and is a reflection of just
how little concern had been extended to the very many
small water supply systems in this country. The au-
thors of the SDWA created a serious problem by de-
signing an approach to standard setting based on
“large and regional systems™ and on the application
of technologies that could be considered “generally
available.” Thus, extension of protection to small
water systems has been crippled by the relative dis-
economies of small scale. Ironically, it was concern
over small-system problems that added substantial
pressure to the passage of the SDWA in the first
place.

The need for quality regulations for small systems
remains as serious as ever even though these systems
are not serving the majority of water consumers. EPA
is aware of 50 reported outbreaks involving 20 000
waterborne disease cases in 1980 alone; the vast ma-
jority of these cases occurred in small systems. Fur-

0013-936X/83/0916-0003A$01.50 © 1983 American Chemical Society

thermore, the growing statistics for noncompliance
with existing regulations show that the majority of
failures continue to occur in small systems, especially
with regard to high fluoride concentrations, arsenic,
selenium, and barium in groundwater systems and,
what is more acutely important for the majority of
noncompliance cases, coliform and turbidity viola-
tions.

Nevertheless, present implementation of the act is
failing to exert sufficient pressure on small systems to
comply with all quality standards, and as presently
constructed there simply is no equity in protection for
all consumers of U.S. drinking water. Present tech-
nology affordable to large systems is equivalent to
outrageous costs for smaller systems. At the regional
workshops on the proposed primary regulations, EPA
received a clear message from professionals in the field
that a cost of $3 per thousand gallons was simply un-
acceptable to small-system operators and con-
sumers.

Thus, a serious need exists for some creative alter-
natives such as appeals to the private sector for the
development of package treatment systems, the cost
of which could be aggregated over large service areas
on a contract basis. In addition, point-of-use treatment
devices and bottled water use have not been given
sufficient consideration. Unfortunately, the amend-
ments to the SDWA presently proposed by Dennis
Eckardt (D-Ohio) in HR-3200 would lock the present
small-system problem into concrete by exempting
small systems that could demonstrate economic stress.
This bill aims to strengthen the SDWA by forcing
more standards and more extensive monitoring, which
may actually aggravate the present dichotomy.

We need instead to find a way to extend the stan-
dards we already have to all water consumers.

KE it
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PCB replacements

Dear Sir: The feature by R. F. Addi-
son, “PCB replacements in dielectric
fluids” (ES&T, October 1983, p.
486A), contains many useful and in-
formative comparisons between vari-
ous candidate materials. However, Dr.
Addison’s attribution of the degrada-
tive action of soils on silicones to pre-
sumed microbial activity requires
correction.

The authors of his cited reference
(Buch, R. R.; Ingebrigtson, D. N.
Environ. Sci. Technol. 1979, 13,
676-79) conclusively established that
it was the clay content of the soils that
was responsible for the observed ca-
talysis. Microbiological degradation of
methylsiloxane polymers has yet to be

B
LETTERS

demonstrated despite attempts to do
S0.

C. L. Frye

Health & Environmental Sciences

Dow Corning Corporation

Midland, Mich. 48640

The Zimmerman Award

Dear Sir: The Central Wisconsin
Section of the American Chemical
Society in conjunction with Zimpro,
Inc., a subsidiary of Sterling Drug,
Inc., is seeking nominations for the
F.J. Zimmerman Award in Environ-
mental Science. The award, consisting
of $1000 and a plaque, is given annu-
ally to an individual whose research
has had a significant impact on envi-
ronmental protection.

Openings in Saudi Arabia

NUS Corporation, Environmental Services Division, is staffing a field team for
environmental activities in Saudi Arabla. Consultants will work within a Saudi
organization to provide technical expertise, management assistance and Saudi

staff training. Five openings are:

Air Quality Monitoring Instrumentation Engineer

BS or MS in related field, 5-10 years experience.

Oversee air quality monitoring instrumentation network - supervise technicians,
develop written procedures, coordinate operations and maintenance and review
quality of data received.

Oil Spill Operations Team Coordinator
BS or MS in related field, 10 years experience.

Provide consultation and coordination of oil spill administration, surveillance, and
clean up activities. Related oil spill and seamanship experience desired.

Oil Spill Engineer
BS in Engineering, 5-10 years experience.

Advise on and coordinate - spill response activities, contingency plans, equip-
ment specifications, equipment procurement, spill surveillance, and staff training.

Marine Ecologist
BS or MS in Marine Ecology, 5-10 years experience

Coordinate and load - marine‘environmental assessment of the oil spill impacted
Saudi waters. Field experience and ability to train staff required.

Liquid Effluent Pollution Engineer

BS or MS in related engineering field, 5-10 years experience.

Review and process license and variance requests; recommend water pollution abate-
ment measures; develop and update standard for water pollution and hazardous wastes.

Extended bachelor status can be anticipated. Compensation commensurate with

The award announcement and pres-
entation will be made at the joint
Great Lakes and Central Regional
Meeting to be held May 23-25, 1984,
in Kalamazoo, Mich. The award re-
cipient will be invited to present an
overview of the scientific contributions
upon which the award is based.

Any scientist residing in the U.S. is
cligible for the award. Nomination
forms are available from L. A. Och-
rymowcyz, Department of Chemistry,
University of Wisconsin—Eau Claire,
Eau Claire, Wis. 54701. Nomination
forms and supporting documents must
be received no later than Feb. I,
1984.

Clarence A. Hoffman
Zimpro, Inc.
Rothschild, Wis. 54474

Correction

With reference to “Freshwater acidi-
fication from atmospheric deposition
of sulfuric acid: A conceptual model™
(ES&T, November 1983, p. 541A),
there is an error in Figure 1. The leg-
ends for the Alk and SO3™ lines on the
figure were reversed. From top to
bottom, the legend should read BCs,
SO3™, and Alk. The correct figure is
shown below.

FIGURE 1
The temporal variation of the concentrations (u.eq/L) of SOF",BCs
and alkalinity (alk) during the seven stages of acidification

Preacid Acid Postacid
depasition deposition deposition

=
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skill and Saudi Arabian competitive levels. Please send your resume, in confidence to:

NUS

CORPORATION

NUS Corporation

Box 06RH, Personnel Dept.
910 Clopper Road
Gaithersburg, MD 20878
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INTERNATIONAL

Concentrations of cadmium, cop-
per, iron, lead, and zinc have de-
creased substantially over the past
decade at Port Kembla Harbour,
Australia. P. J. Moran of the Aus-
tralian Institute of Marine Science
compared recent levels of these
metals with concentrdtions record-
ed at two industrial sites during
1974 and 1978. Port Kembla Har-
bour, 80 km south of Sydney, is
surrounded by a large number of
industrial plants for steel and metal
manufacturing and processing. The
decrease is attributed to the imple-
mentation of water quality control
programs undertaken by these in-
dustries.

Total world energy production re-
mained almost unchanged in 1982,
according to a report prepared by
the Energy Information Adminis-
tration of the Department of Ener-
gy. The world primary energy pro-
duction was 218 quadrillion Btu in
1982, a reduction of 0.8% from the
1981 level. Primary energy is de-
fined as petroleum, natural gas,
coal, and electricity from hydro
and nuclear power. Production of
crude oil and natural gas decreased
in 1982, while coal production and
hydro and nuclear power genera-
tion increased. The four largest en-
ergy producers are the U.S., the
Soviet Union, the People’s Repub-
lic of China, and Saudi Arabia.

WASHINGTON

The EPA has rescinded its 1982 de-
cision not to regulate formaldehyde
as a cancer-causing substance
under section 4(f) of the Toxic
Substances Control Act (TSCA).
As a result, the agency is soliciting
public comment to aid in determin-
ing whether exposure to formalde-
hyde presents a significant health
risk. In February 1982, EPA decid-
ed that formaldehyde did not quali-
| fy for priority consideration under
TSCA. This decision led to a law-
suit filed by the Natural Resources
Defense Council and the American
Public Health Association. These

Exxl
CURRENTS

groups criticized the decision and
the way it was reached (ES&T,
October 1982, p. 543A).

Lavelle: convicted on four counts

A federal jury has found former
EPA official Rita M. Lavelle guilty
of perjury and of obstructing con-
gressional investigations of hazard-
ous waste programs. Lavelle was
the administrator of these pro-
grams at EPA until she was forced
to resign in February of 1983. She
was convicted on four charges and
found not guilty of a fifth charge.
All four charges involved lying
about knowledge that her former
employer, Aerojet-General Corpo-
ration, was one of the dumpers of
hazardous wastes at the Stringfel-
low Acid Pits near Riverside, Calif.
Following the scandal that en-
gulfed the agency in early 1983,
Lavelle was the only EPA official
to be indicted, and she is the only
top official of the Reagan adminis-
tration to be convicted of a crime
committed in performance of offi-
cial duties.

The National Clean Air Coalition
(NCAC) has charged that EPA has
quietly proposed a major rule that
will aggravate the acid rain prob-
lem. According to NCAC, a rule
proposed in the Federal Register in
October would allow nearly 300
power plants and factories built be-
tween 1971 and 1978 to emit

700 000 tons more sulfur dioxide
than is allowed under current regu-
lations. The current rule allows a
maximum emission rate in any 3-h
period of 1.2 Ib of SO,/10° Btu of
coal burned. The proposed relaxa-
tion will allow the averaging period

0013-936X/83/0916-0005A$01.50/0 © 1983 American Chemical Society

to be 30 days instead of 3 h. At
present, the operator must keep the
yearly average at 0.63 Ib/ 106 Btu
to ensure the 3-h average is not ex-
ceeded. Under the proposed rule,
the yearly average can be 0.95 Ib/
106 Btu, a 50% increase.

Scientists, by a 7-to-1 margin, be-
lieve that some form of acid precipi-
tation control program should be
initiated now rather than post-
poned, according to a recent survey
conducted by the National Wildlife
Federation. Questionnaires were
sent to 461 U.S. acid precipitation
researchers. Of these, 96 replied.
Nearly two-thirds of those respond-
ing favor a control program aimed
at protecting all sensitive areas in
the eastern half of the country.
They support this approach over a
strategy aimed at protecting only
the most heavily affected areas.
They also favor sulfur dioxide re-
ductions in the range of 5 to 12
million tons and broad reductions
throughout most of the eastern
states rather than targeted reduc-
tions in only a few source states.

Laboratory standards for testing
pesticides and toxic substances
under the Federal Insecticide, Fun-
gicide, and Rodenticide Act and
the Toxic Substances Control Act
have been set by EPA. These stan-
dards are written to ensure that the
test data submitted to EPA are re-
liable. They are consistent with
testing procedures developed by the
Food and Drug Administration.
Rules for the administration of
testing labs, the control and man-
agement of laboratory test animals,
the documentation of tests, and the
handling of data are included in
these standards.

STATES

A panel appointed by New York
State Governor Cuomo has prepared
a draft report about the Shore-

ham nuclear power plant, a unit
under construction in Suffolk
County, N.Y. The report states

that Suffolk County acted reason-
ably when it decided that no ade-

quate evacuation plan is possible,

Environ. Sci. Technol., Vol. 18, No. 1, 1984  5A



the economic difference between
operation and abandonment of the
plant is small, and the Long Island
Lighting Company, owner of the
plant, does not have the situation
under control. The cost of the plant
is now 1000% over budget. The
panel also questions the ability of
the utility to run the reactor. The
report is not complete, however,
and several members of the panel
disagree with its conclusions. They
are already drafting minority re-

ports.

A Missouri task force recommend-
ed that up to 100 000 yd? of dioxin-
contaminated soil be stored in a
building aboveground until tech-
nology to destroy the material is
developed. The task force said that
Times Beach, Mo., might be a good

‘place to store the material because
about 60% of the dioxin-contami-

- nated soil in the state is located on
the roadways in the town. The
members estimated that soil exca-
vation and storage would cost
about $70/yd3, bringing the total
cost of storing all of Missouri’s
dioxin-contaminated soil to $7 mil-
lion. The state is seeking to have its
33 dioxin-contaminated sites classi-
fied as one site under Superfund.

A new wastewater treatment plant
that uses alternative technology will
be built by the city of Las Cruces,
N.M. This alternative technology,
which has been proven, is eligible
for 85% federal funding. In this
plant, the sludge will be digested
anaerobically by microorganisms
that convert it to harmless materi-
al. The sludge will then be plowed
into the soil to a depth of 3-4 in.,
where it will decompose and pro-
vide nutrients. The methane gas
produced from the sludge during
digestion will be used to run a gen-
erator. This will power a boiler that
‘heats water to keep the sludge at a
temperature at which the micro-
organisms work effectively.

AWARDS

The Regional Scientist of the Year
Award of the U.S. Agricultural Re-
search Service (ARS) was awarded
to Malcolm Thompson, a chemist
with ARS in Beltsville, Md. The
award recognized several agricul-
tural chemicals developed by
Thompson, including one that ster-
ilizes boll weevils by blocking egg
formation in females, thus provid-
ing a “pest population control.”
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SCIENCE

A possible mechanism to explain
how acid rain damages forests has
been suggested by Alfred Haug of
Michigan State University (East
Lansing). Haug conducted experi-
ments which indicate that in-
creased levels of aluminum absorp-
tion by tree roots interfere with the
structure and function of calmodu-
lin, a protein crucial to the regula-
tion of calcium in the root cells. As
the cells deteriorate, the plant be-
gins to die. Scientists theorize that
acid rain elevates the levels of alu-
minum available to plant roots.
Thus, says Haug, acid rain may
contribute to the decline of forests
in the U.S., Canada, and West
Germany. He also points out that
aluminum toxicity in soil may in-
terfere with food production.

An instrument to measure minute
fluctuations (up to 1 ppm) in the lev-
els of oxygen in the atmosphere has
been designed by Pieter Tans and
colleagues at the Lawrence Berke-
ley Laboratory (University of Cali-
fornia). It will be used in an effort
to solve the problem of where the
“missing” carbon dioxide in the
carbon cycle is absorbed. Only
25-40% of the CO, generated by
human activities remains in the at-
mosphere. The remainder is dis-
solved in the oceans or incorporat-
ed into plant tissue. But scientists
have not been able to learn which
sink takes the most CO, out of the
atmosphere. If oxygen levels in the
world rise, it means that the global
mass of green plants is increasing,
Tans said. If oxygen levels drop
significantly, this would indicate
that the global mass of green plants
is decreasing and that the extra
CO, is dissolving in the oceans.

How air pollutants move through an
urban area may become better un-
derstood through the release of
minute quantities of harmless trac-
er gases from two sites in the
Washington, D.C., metropolitan
area. Two air sampling station net-
works—one with 100 stations and
the other with three—will take
samples every 8 h for one year. In
this way, scientists at the National
Oceanic and Atmospheric Admin-
istration will learn how the perfluo-
rocarbon tracers are transported
during all weather situations and
around buildings, how they are dis-
persed, and what effect the urban
“heat island” may have.

Can safe long-term containment of
high-level radioactive waste be
demonstrated (ES& T, September
1983, p. 413A)? Faced with this
question, the Organization for Eco-
nomic Cooperation and Develop-
ment’s Nuclear Energy Agency
(Paris, France) defines direct dem-
onstration as proof that a contain-
ment system can be safely built,
operated, and closed at acceptable
costs and with available technolo-
gy. Indirect demonstration consists
of a convincing evaluation of the
system’s performance and long-
term safety on the basis of predic-
tive analyses, many of them derived
from experimental work confirmed
by a body of technical and scientif-
ic data.

The reauthorization of the Re-
source Conservation and Recovery
Act would require EPA to use an
analytical system that shows what
danger, if any, a landfill poses to
people living or working in the sur-
rounding area. Known as the Pre-
liminary Pollutant Limit Value
(ES&T, July 1980, p. 778), the
method or analytical system should
be capable of using site-specific in-
formation on single and multiple
pathways of exposure from soil, air,
and water and of translating this
information into a health effects
assessment document that non-
scientists can understand.

TECHNOLOGY

Can a scrubber clean air so effi-
ciently that a power plant can be
built in a Class | or “pristine” air
arca? Bechtel Power Corporation
(San Francisco, Calif.) says that
two of its engineers, Bob Sherwin
and Jack Abrams, have found a
way to remove SO; to the extent of
90% with specially treated hydrat-
ed dolomitic lime. They set up the
scrubber to collect fly ash particles
which, in turn, can further remove
SO, to 96%, thus rendering ex-
haust gases clean enough for a
Class [ area. Bechtel explains that
scrubbers normally remove up to
only 80% of a plant’s SO,. This en-
hanced scrubbing capability will be
used at Colstrip, Mont., in a pris-
tine area.

Hazardous landfill leachates and
dump liquors can be degraded by
use of indigenous microflora in ad-
Jacent soil systems. These microbes
are supplemented with an initial
addition of a sewage organism



“seed” and additions of a glucose
nutrient trace species medium,
David Kosson of Rutgers Universi-
ty told the Diamond Jubilee Meet-
ing of the American Institute of
Chemical Engineers (AIChE), held
in Washington, D.C. Next, glucose
is replaced by organic carbon from
pretreated landfill leachate. Load-
ing rates, depths of treatment
zones, nutrient additions, and the
like are controlled. Kosson says
that reductions in organic carbon
of industrial origin have exceeded
90%.

Mercury pollution from industrial
wastes can be removed with chito-
san from prawn shell waste, S.M.S.
Abuthahir Ali of the Central Insti-
tute of Fisheries Technology (Co-
chin, India) told the American In-
stitute of Chemical Engineers.
Ground prawn shell waste in the
100-150-mesh fraction only is
used. Ali says that a strong affinity
for mercury ions on the part of chi-
tosan should make it suitable for
industrial applications.

A new coal-fired fluidized-bed com-
bustion (FBC) system is being com-
missioned at Nykoping, Sweden.
Built by Wormser Engineering,
Inc. (Woburn, Mass.) and Stal
Laval of Sweden, the system, which
burns coal together with SO, -ab-
sorbing limestone, can also use
wood waste. Particulate matter and
fly ash are captured by a fabric fil-
ter. Because the process is cooler
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than most others—flue gas comes
out at 320 °F—little or no NO, is
formed, according to Wormser.
The plant, which is an addition to
an existing facility, is rated at

10 MW thermal and will produce
hot water at 338 °F.

BUSINESS

“I would like to see tougher laws
concerning the export of hazardous
chemicals passed by nations of the
Organization for Economic Coop-
eration and Development
[OECD],” William Brock, U.S. in-
ternational trade representative,
told a Chemical Manufacturers
Association Chemical Forum. The
U.S. has such laws now, and this,
in Brock’s view, puts U.S. chemical
firms at a competitive disadvantage
with firms in other OECD
countries that do not have such
laws, especially when exports to
Third World nations are involved.
A tightening of hazardous chemi-
cal export laws by OECD countries
would, in Brock’s view, restore the
competitive balance.

The development of a hybrid diffu-
sion model to predict and compute
pollutant concentration levels in
the vicinity of tall stacks is the ob-
jective of a contract that Environ-
mental Research and Technology,
Inc. (ERT, Concord, Mass.) re-
ceived from the Electric Power Re-
search Institute (EPRI). A plant in
a flat area of Illinois and one at a
hilly site in Tennessee will be stud-
ied. The model will include state-
of-the-art modules on the planetary
boundary layer, plume rise and dif-
fusion in convective and stable
boundary layers, diffusion in hilly
terrain, and dry deposition. Model
uncertainty will be estimated
through modeling concentration
fluctuations in effluent plumes.

The Environmental Industry Coun-
cil and the Council on Environmen-
tal Quality have awarded environ-
mental protection awards to five
companies. These are Steelcase
Inc. (Grand Rapids, Mich.), for air
pollution control; Homestake Min-
ing Company (Lead, S.D.), for
solid waste management; Miller
Brewing Company (Albany, Ga.),
for water/wastewater pollution
control; Environmental Systems
Corporation (Muskegon, Mich.),
for hazardous waste management;
and Allied Corporation (Metropo-
lis, 111.), for toxic pollution control.

A sixth award for permitting went
to a group consisting of AMAX
Corporation (Golden, Colo.), the
U.S. Forest Service, the Gunnison
County, Colo., Board of Commis-
sioners, and the Colorado Depart-
ment of Natural Resources.

Addison: can’t justify costs

“No one can justify the spending of
billions of dollars on the problem of
acid rain with solutions that cannot
promise success,” said Edward Ad-
dison, president of The Southern
Company (Atlanta, Ga.). He
warned that acid rain legislation
pending in Congress will add a
nonproductive energy cost to the
American economy and thereby
further damage U.S. ability to
compete in foreign markets. Addi-
son suggested that adding higher
energy costs to energy-intensive in-
dustries will drive them offshore.
He added that if there were “‘solid
scientific evidence of danger to
human health, plants and animals,
and lakes and rivers—that a genu-
ine emergency existed—we would
not be arguing about price. But
since we don’t [have solid scientific
evidence], we have to talk about
price.”

Major changes in the Clean Water
Act were recommended by the
American Society of Mechanical
Engineers (ASME). One is a re-
turn to standards based on water
quality, rather than technology-
based standards for conventional
pollutants. Dischargers should not
be required to expend funds for
more equipment unless there would
be material improvement in a
stream’s quality, the society said.
But ASME did call for a continua-
tion of technology-based standards
for toxic pollutants and, indeed,
suggested the development of more
stringent technology standards.
ASME called on EPA to begin a
well-funded research program on

toxic pollutants immediately.
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Forest decline

from air pollution

Scientists are actively puzzling over why
the productivity of several species in some eastern
U.S. forests has been decreasing over the past few decades.
Acid deposition is only one possible answer

There is a strong consensus that
the forests of West Germany are in a
state of serious decline. Since the
mid-seventies, fir and spruce have been
dying back over extensive areas, and in
the past two years, a number of other
species have begun to show signs of
damage. In 1982, West German pro-
vincial forestry offices estimated that
1.4 million acres, or 8% of that coun-
try’s forests, were suffering damage.
By 1983, they increased their estimates
t0 24%.

In the U.S., there is also a growing
consensus that some species in the
high-altitude forests of the East are
declining substantially. During the
past 20-25 years, red spruce in the
high-elevation forests of Vermont,
New York, and New Hampshire have
experienced dramatic dieback and a
substantial reduction in basal area and
density (see ES&T, July 1983, p.
294A).

Scientists in both countries are in-
volved in intensive efforts to ascertain
the cause or causes of these declines.
Ongoing research was discussed at an
October 1983 symposium on air pol-
lution and forest productivity, held in
Washington, D.C., and sponsored by
the Izaak Walton League of America
and Pennsylvania State University.

The dieback of spruce in the
Northeast is relatively well-known. It
was revealed at the symposium, how-
ever, that forests in other areas of the
U.S. may be showing signs of stress
and damage and that species other
than spruce are affected. Samuel B.
McLaughlin of Oak Ridge National
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Laboratory (ORNL) pointed out that
red spruce, shortleaf pine, hickory,
yellow birch, pitch pine, hemlock, and
Fraser fir are declining in East Ten-
nessee. He noted that these declines
together with those in New England
suggest that decreased productivity in
several tree species has been occurring
over a broad scale during the past two
decades.

One commonly held view is that
acid deposition is causing the decline
of forests in both Europe and the U.S.
(ES&T, Junc 1983, p. 246A). At the
symposium, a number of different
opinions about possible causes were
expressed, ranging from drought to
ozone to combinations of pollutants,
including acid deposition, ozone, and
trace metals. Possible causes that were
not subjects of active inquiry were
disease and insects. Most researchers
in the field believe there is little evi-
dence that one of these is the primary
damaging agent.

Changes since 1950

Scientists working in several dif-
ferent areas of the country using a va-
riety of techniques gave evidence for

. definite changes in forests since about

1950. Arthur Johnson of the Univer-
sity of Pennsylvania described an
abrupt shift in the increment size of
red spruce tree rings in cores taken

’a from stands sampled in the Northeast.
Forty percent of the red spruce cores

“showed a rather abrupt shift to ab-
normally narrow rings in the early to
mid-1960’s with no subsequent re-
covery.” About 30-40% of the pitch
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pine cores from stands in southern
New Jersey also showed this effect. He
pointed out that drought may have
played a role in these declines but that
there are very few data that can be
used to answer the question of primary
causation.

Trace-metal analysis of tree rings
was another arca of investigation that
revealed marked changes after 1950.
Charles F. Baces 111, also of ORNL,
and McLaughlin analyzed shortleaf
pine tree rings from three sites in East
Tennessee as a part of the FORAST
project (see box). For the analyses they
used inductively coupled plasma opti-
cal emission spectroscopy, which
measures approximately 30 clements
simultancously. At all three sites, the
rings contained “steadily increasing
concentrations of Al, Cd, Cu, Fe, Mn,
Mo, Ti and Zn over the past 20-25
years.” The rings showed decreasing
growth, which would in itself cause the
metal concentrations 1o go up as long
as the accumulation rate did not de-
cline. But even when corrected for
growth rate, the annual accumulations
of many of these metals were found to
increase over the past few decades.

One interesting aspect of this re-
search is that at the site in the Great
Smoky Mountains National Park, the
concentration of iron in the tree rings
was clevated from 1863 to 1912, and
the rings revealed a simultancous
growth decline. During this same pe-
riod, ores containing iron and copper
sulfide were being smelted 88 km up-
wind. (The smelter opened in 1854 and
reduced its emissions of SO, by 1910
under a Supreme Court order.) After
emissions were controlled, iron con-
centrations in the rings decrcased until
the late 1950s when they began to rise
again. This rescarch suggests that SO,
emissions and the availability of air-
borne trace metals could affect metal
uptake and growth in trees.

Another interesting aspect of Baces
and McLaughlin’s rescarch is that the
trace-metal concentrations of Al, Cd,
Mn, and Zn in the cambial tissucs (the
layer between the rings and the bark)
are currently near levels “that have
been associated with toxic ceffects when
found in above-ground tissues of her-
baceous plants.” The level of trace
metals that is toxic to trees is not
known because most experiments have
been performed on small herbaceous
plants. Baes and Mclaughlin noted
that researchers have not been able to
determine whether the metals are
getting into the trees through the root
structure or the canopy.

Laura E. Conkey of Dartmouth
College used X-ray densitometry to

ascertain variations in wood density. In
experiments on tree cores from Maine,
she noted that the maximum density
curve showed a pronounced change
after 1950 in cores that dated back to
1670. She hypothesized that this
change could be caused by sharply
lower spring temperatures in Maine
but that it could also result from al-
terations in the chemical environment
of the forest.

Richard L. Phipps of the U.S.
Geological Survey (Reston, Va.) also
studied tree rings as a part of the
FORAST project. Although his work
is still in progress, he noted that in the
collections of tree rings that have been
cxamined, the variation in tree growth
at cach site changed significantly in
the way it correlated with climatic
variation.

=

The Forest Responses to Anthropo-
genic Stress (FORAST) project con-
sists of a systematic survey of growth
trends in eastern forests. It involves 12
university and government research
groups, 10 of which are supported by
EPA funding. Increment cores are
being collected and analyzed from
more than 6000 trees at 12 study sites.
With the data obtained from these
cores, it is hoped that the following
questions will be answered: Has a
systematic growth decline occurred?
‘What is the areal extent of the decline?
What trends might be expected under
future pollutant regimes?

o

In particular, he discussed a collec-
tion of cores taken from Signal Knob
near Front Royal, Va. In the pines,
there was a pronounced increase in
growth rate from 1910 to 1950 and an
“cqually pronounced decrease in
growth rate between 1950 and 1980.”
The period when growth started to
decline varied substantially between
trees, but by 1960 all of the pine trees
were showing decline. He postulated
that deposition of sulfur emitted by a
ncarby industrial plant caused the
decreased growth rate. The plant
began operating in the early 1940s.

Nearest neighbor pairs of overstory
trees (trees forming the upper canopy)
were studied by Thomas W. Doyle of
ORNL. He too found that a change
had occurred in the past few decades.
More than 40 pairs of trees were
measured. Up to 1957, in drought
years growth of white oak exceeded

that of tulip poplar. After 1957, tulip
poplar dominated over white oak. The
reason for this change in tree domi-
nance is not known,

Is ozone a cause?

Several of the speakers described
ozone injury to forests in both the
western and the eastern U.S. John M.
Skelly of Pennsylvania State Univer-
sity studied ozone damage in the She-
nandoah National Park (Virginia)
where he found surprisingly high levels
of ozone. From May to September,
concentrations (measured hourly)
ranged from 0.06-0.12 ppm at a site in
the higher clevations. At lower eleva-
tion sites, the average levels were
consistently lower. (The health and
welfare standards for ozone are both
0.12 ppm for 1 h.) Ozone injury was
widespread throughout the park and
could be positively correlated with el-
cvation. The first indicators of vege-
tation effects were reduced ncedle
length and retention and foliar symp-
toms typical of ozone damage on
castern white pine.

Ozone damage in the San Bernar-
dino Mountains of southern California
was discussed by Paul Miller of the
USDA Forest Service (Riverside,
Calif.). Like Skelly, he found that in
rural areas, ozone levels were higher at
mountain locations than at low eleva-
tions. In the mountains, levels ranged
from 0.03-0.04 ppm, which he con-
siders background, t0 0.10-0.12 ppm.
Ponderosa pine were very sensitive to
ozone, followed by, in decreasing order
of sensitivity, Jeffrey pine, white fir,
black oak, incense cedar, and sugar
pinc. Ozone damage resulted in de-
creased photosynthetic activity and
cventually led to weakened trees. The
sites receiving moderate to scvere
ozone doses had mortality rates of
2-3% in some years.

Multiple pollutants

Several of the speakers emphasized
that the cause of forest decline could be
more than one pollutant. McLaughlin
said that “multiple pollutant stress
must be considered since acid rain,
gascous pollutants, and trace element
loading have increased over the same
approximate time span and in the same
geographical regions as has industri-
alization during recent decades.” He
suggested that trees may be responding
bimodally to air pollution. Roots may
be responding positively. Shoots may
be responding negatively. The net re-
sult may be that the whole plant is re-
sponding negatively. If this is true, it
might explain some of the contradic-
tory results obtained from rescarch

Environ. Sci. Technol,, Vol. 18, No. 1, 1984  9A



concerning the effects of air pollution
on trees.

The strongest evidence that tree
decline can be caused by more than
one pollutant was presented by George
H. M. Krause of the Land Institute for
Pollution Control of the Land North-
Rhine Westphalia in West Germany.
He first described how the extent of
forest decline in West Germany “‘has
spread dramatically” in the past two
years. For example, in the autumn of
1980, 62% of the fir trees in the Land
(state) of Baden-Wiirttemberg were
healthy. In the spring of 1982, less than
4% were healthy. In both Bavaria and
the Black Forest, several deciduous
species have recently become af-
fected—beech, sycamore, mountain
ash, and alder. During the past year,
spruce damage has spread to a number
of areas where it was not previously
observed.

For several reasons, the institute has
proposed that forest decline may result
from a combination of ozone and acid
deposition. The trees in a stand that
tend to be most affected are those ex-
posed to light and air. The damage
occurs in forests on many different
types of soils, those with both high and
low buffering capacities. The only
pollutant known to have increased
greatly (~50%) in the past decade is
NO,. This also would have caused
ozone levels to rise during this time.
Ozone is not monitored in most
mountainous areas; however, where it
has been measured, its average level,
though not peak level, is higher than
the average in cities. Preliminary lab-
oratory experiments carried out at the
institute suggest that damage to trees
is not caused by current levels of either
acid deposition or ozone alone but that
it could be caused by a combination of
the two at their current concentrations.
Krause discussed his hypothesis that
ozone causes increased membrane
permeability in the foliage, which in
consequence allows acid rain and acid
fog to leach nutrient cations from the
foliage. This in turn leads to reduced
photosynthesis and reduced assimila-
tion and nutrition of the root system,
and eventually to reduced root growth
and nutrient uptake.

In summary, the symposium pro-
vided no final answers about the cause
of forest decline, but suggested many
avenues of investigation that may yield
clearer results. A number of other
important papers were presented,
which cannot be described in this brief
article. The proceedings of the con-
ference will be published this spring by
the [zaak Walton League.

—Bette Hileman
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Whither
environmental
progress?

Nine out of 10 environmental laws are awaiting
reauthorization

Our environmental laws are not
working well. All of these laws, from
the Clean Air Act of 1970 to the Su-
perfund Act of 1980, were based on
assumptions, none of which have
proven completely correct. On Oct. 25,
in the Foard Lecture to an audience of
several thousand students and faculty
at the University of North Carolina at
Chapel Hill, EPA Administrator
William Ruckelshaus said that these
assumptions were that we knew:

« what the bad pollutants were,

e what adverse health and envi-
ronmental effects they cause and at
what levels,

« how to measure these pollutants,
and

« how to regulate them to accept-

able levels at reasonable costs.
The major flaw in the laws we enacted
was that enforcement responsibility
was left to the states. They didn’t en-
force the laws because they competed
so strongly for industry to locate within
their borders. Thus the solution was to
bring in the federal government to
overlay enforcement on the state gov-
ernments. Now, in 1984, it is clear that
none of our earlier assumptions were
right, at least not completely.

e We recognized some pollutants,
but certainly not all of them.

e Our knowledge of the health ef-
fects of these environmental pollutants,
and of the ones we have discovered
since, is sketchy.

e We have trouble establishing a
safe level for these pollutants in the
environment.

e Early measurement techniques
were primitive. We have now discov-
ered a new set of problems by devel-
oping measurement techniques that
are anything but primitive: We can
measure dioxin in parts per quadril-
lion, but we don’t know what to do
about it after we've found it.

It was probably a reasonable as-
sumption to make that the controls for
all pollutants were available. However,
the costs of controls, especially at the
upper level, are very high, sometimes
even prohibitive.

William Ruckelshaus

Further, it was probably recasonable
to assume that the laws would be
changed once it became apparent to
society that the basic assumptions
underlying them were questionable.
But over the years we have found that
it is nearly impossible to get laws
changed once they have been enacted.
Emotions run so high and the polar-
ization between factions becomes so
wide that it is terribly difficult to ad-
just these laws, even in the light of
scientific and administrative difficul-
ties of an enormous magnitude.

—Stanton Miller
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Independent evaluation
of monitoring data

A proposed numerical approach to choosing an analytical
laboratory could help, but at low contaminant
concentrations, wide differences can be found among even
the most meticulous laboratories

Two principal problems arise in
the quest for reliable, independently
obtained or evaluated monitoring data.
First, there has been no standard, rig-
orous procedure for selecting a labo-
ratory. Second, where trace concen-
trations of contaminants are involved,
the increase of quantitative variability
with decreasing concentration can
bedevil the results of work done by
even the most excellent, reputable
laboratory.

There are a number of reasons why
such data are needed. For example, an
industrial plant’s management may
need a “distinterested party’s” con-
firmation that monitoring results show
the plant is complying with the terms
of its discharge permit issued under the
National Pollution Discharge Elimi-
nation System (NPDES), a principal
provision of the Clean Water Act.
Moreover, such monitoring data and
any confirmation thereof would have
to be obtained by the use of analytical
methods approved by EPA (ES&T,
December 1981, p. 1426). Updated
versions of those methods are expected
to be promulgated later this year in the
Code of Federal Regulations.

On the other hand, a regulatory
body or citizen’s group may be seeking
legally admissible support of an accu-
sation that a plant’s discharges are in
violation of its permit. Or a discharger
might not have the laboratory facilities
to do the required monitoring and
would need to contract this work out.
One can think of many other reasons
applicable not only to water dis-
charges, but to air emissions, landfill
leachates, and other environmental
monitoring requirements.

Point system

A choice of an analytical laboratory
often is made on the basis of casual
recommendations from practitioners,
names on a regulatory agency’s refer-
ence list, or even a search of the phone
book. Choices made on these bases

entail certain risks and uncertainties.

Roy Ball, of the consulting firm
Environmental Resources Manage-
ment-North Central, Inc. (Park
Ridge, I1I.) suggested a methodology
for choosing an analytical laboratory
to a session of the 56th Annual Con-
ference of the Water Pollution Control
Federation (WPCF), held in Atlanta,
Ga., last October. This methodology,
he said, helps to overcome many
uncertainties and risks involved in se-
lecting a laboratory. Although Ball
and his associates applied this method
to choose a laboratory to perform
analyses for metals in water, Ball
maintains that it should work for the

- Laboratory evaluation
~ questionnaire
~ The evaluator seeks answers to 50
questions concerning a candidate
laboratory. Five questions address
general information (organization,
strength of management, and the like);
six consider personnel; 10 deal with
space; three look at analytical methods
and equipment; and 21 examine quality
control. Scores are computed with
weighting factors for the six categories
of 10, 13, 21, 3, 3, and 44 %, respec-
tively. For example, in the quality
 control category, here is how ‘‘inter-
laboratory checks—precision and

accuracy” would be assessed:
Best description
of laboratory
* Laboratory has a well-

organized program to

check the validity of data

it produces. 5
* Incomplete information

is available on precision

and accuracy of the tests

in use. 3
* Laboratory has no plan to

check validity of its data. 1
::w Paper presented to WPCF by Roy

Score
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selection of a laboratory to analyze any
substance.

The first step is the compilation of
a list of candidate laboratories. Labo-
ratories entered on this list would be
those that use methods recommended
by EPA or other federal or state reg-
ulatory agencies. Also important are
such factors as prior firsthand experi-
ence with a laboratory, recommenda-
tion by a university or some other im-
partial authority, accessibility with
respect to sample delivery, turnaround
time, analytical capacity, and, of
course, costs of analysis. From this list,
perhaps five or six laboratories would
be selected for more detailed evalua-
tion.

The next step involves a visit to the
laboratory premises and interviews
with laboratory personnel. This can be
carried out by a technically qualified
person representing the laboratory’s
potential client or by a consultant en-
gaged by the prospective client. This
person’s observations are set forth on
a very detailed questionnaire con-
taining general information as well as
information about personnel, space
and facilities, analytical methods,
laboratory equipment, and quality
controls.

Answers are ranked according to a
point system with a score of “5” de-
noting complete adequacy of equip-
ment, practice, and the like; a ““3” for
some degree of laxity or diminished
adequacy; and a *“1” for poor facilities
or performance. Sometimes, a score of
“1*” may be assigned; the asterisk
indicates that this judgment of *““poor”
must be resolved to the satisfaction of
the evaluator before a final score is
calculated.

Project-specific samples

Of the five or six laboratories visited,
perhaps the two ranking highest on the
interview and questionnaire would be
asked to analyze project-specific
samples. A specially prepared or pur-
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chased reference standard sample is
submitted by the prospective client or
by the consultant to a laboratory for
analysis, along with samples exhibiting
characteristics pertinent to compo-
nents expected to be found. Examples
of analytes could include BODs, pri-
ority pollutants, or other substances.

Ball calls the latter type of sample a
project- -specific sample. He says that
a minimum of four or five such sam-
ples should be analyzed to provide “a
statistically valid basis for determining
the relative performance of laborato-
ries.” The project-specific sample
would be physically blended with the
reference material for some of the
analysis exercises that the candidate
laboratories must carry out at this
stage of the competition.

On the other hand, William Hor-
witz of the U.S. Food and Drug Ad-
ministration (FDA), and one of the
elder statesmen of the Association
of Official Analytical Chemists
(AOAC), advocates a minimum of 30
“data points” (analyses) from any
laboratory comparison exercise. He
notes that this rule is used by AOAC
members for the evaluation of labo-
ratory capabilities. This approach calls
for the number of laboratories being
compared times the number of samples
to equal 30. If there are six candidate
laboratories, each would be required to
analyze five samples; three candidates
would each analyze 10 samples, and so
on.

Indexing

Evaluation of the laboratory’s per-
formance at this stage would be based
on a correlation coefficient for ana-
lytical results. For example, the labo-
ratory coming in with a correlation
coefficient probability of <1% might

Variability of interlaboratory results
increases with decreasing concentration
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be rated “5”; that at 1-5% would be
put at “3”; while that >5% would score
by

The last step in the laboratory se-
lection process is indexing. Ball said
that indexing is perhaps best explained
with an example of the selection pro-
cedure he and his associates actually
used. From the list of candidate labo-
ratories they examined, they found
that six were worth visiting for an on-
site inspection and interviews with
personnel. These laboratories were
designated as A-F. Next, those labo-
ratories scoring less than 80 on the
questionnaire were eliminated; that
left only laboratories A and E in the
running (they scored 82 and 85, re-
spectively).

These two laboratories were then
called upon to analyze reference sam-
ples and reference and project-specific
sample mixtures. Samples were so
prepared that they could not be con-
sidered replicates. Therefore, results
between the two laboratories could not
be expected to agree.

The results themselves were ana-
lyzed statistically through linear re-
gression. That operation obtained
correlation coefficients (r) for the
chemical analyses of the samples. A
rating of “5” was given for r = 0.99;
“3” for r = 0.95 but <0.99; and “1” for
r <0.95. On the basis of the analyses,
laboratory A tallied 77, while labora-
tory E achieved 80. Averaging these
scores with those from the visits and
interviews gave A an index of 80 and E
an index of 83, so E was awarded the
contract.

Ball says that other factors can
come into play in the final choice of
laboratories. Potential conflict of in-
terest is one. Changes in personnel,
management, equipment, and other
areas are another. This is why Ball
recommends close contact with the
laboratory chosen for the award of a
contract, and, if necessary, reevalua-
tion and reselection of a laboratory.

Round-robin tests

Even the most exemplary laborato-
ries probably have little or no control
over the reliability of identification and
quantitation that decreases exponen-
tially as the concentration decreases.
Horwitz estimates that at present “the
practical limit of measurement is in the
low parts-per-billion [ppb],” and gives
aflatoxin contamination of food as an
example. He defined an interlabora-
tory coefficient of variation (CV) as an
expression of interlaboratory precision,
and warned that at a low-ppb level, the
CV for quantitation could be as great
as £30%. It may be much greater at

lower concentrations.

When a discharger of wastewater is
limited by NPDES permit terms to a
daily maximum effluent of 225 ppb for
1,2,4-trichlorobenzene, a priority
pollutant, the compound may be ana-
lyzed by gas chromatography accord-
ing to EPA Method 612 for chlori-
nated hydrocarbons. However, James
Norris of Ciba-Geigy Corporation
(Mclntosh, Ala.), who is also chair-
man of the Environmental Monitoring
Task Group of the Chemical Manu-
facturers Association, pointed out that
an EPA-conducted 20-laboratory
round-robin test using this method has
shown that readings varying from
0-580 ppb can be expected, at the 95%
confidence level, even if the true value
is 225 ppb. This situation could force
a discharger to report violations, and
make him liable to adverse government
action, when the problem may actually
be the lower reliability of quantitation,
brought about by the broad 95% con-
fidence range in the determination of
a given analyte—in this case, 1,2,4-
trichlorobenzene.

Norris gave similar examples of
quantitative variability for other pri-
ority pollutants also analyzed by
EPA-approved methods. He pointed
out that the laboratories participating
in the study were “experienced veter-
ans” whose quality assurance and
control were “unprecedented,” and
that the EPA methods “are good
methods. The problem is that these
good methods are being pushed to the
extremes of analytical applicability
with attempts to quantitate results at
levels that approach limits of detection.
When this is done, great variability in
the numbers generated can always be
expected.” He added that while those
methods would most likely be required
for NPDES permit compliance, “there
have not been any comments or peer
reviews solicited for them by EPA or
any other agency.”

So those who must furnish inde-
pendently evaluated monitoring and
analytical data under the various en-
vironmental laws and regulations and
others who need data assessed by
qualified third parties could encounter
problems in locating reliable labora-
tory facilitics. Moreover, pending
further—perhaps very expensive—
advances in the analytical chemistry
state of the art, data documenting
compliance with low-ppb limitations,
for instance, might be clouded by an-
alytical variability. That could occur
regardless of how unimpeachable the
equipment and performance of the
analyzing laboratory may be.

—Julian Josephson



RECULATORY FOCUS

RCRA reauthorization

Richard M. Dowd

In November 1983, the House of
Representatives voted to reauthorize
the Resource Conservation and Re-
covery Act with a new title, the
“Hazardous Waste Control and En-
forcement Act of 1983” (H.R. 2867).
The House expressed concern about
the distribution and disposal of toxic
pollutants and about methods of con-
trol for reducing long-term environ-
mental and health damage, while still
encouraging recycling and reuse. The
act is rather long; in this review, only
a few sections are discussed.

In H.R. 2867, Congress is seeking
more definitive action by EPA. The
House passed a bill that is far more
specific in many ways than the previ-
ous legislation and far more restrictive
on the disposal of wastes. Clearly, the
intent of this legislation is to substan-
tially reduce, if not eliminate, land
disposal as a way of managing un-
treated hazardous wastes.

One item that has been widely noted
is a change in the exemption for gen-
erators of small volumes of hazardous
wastes. The House reduced the ex-
emption for generators of hazardous
waste from 1000 kg to 100 kg or less
per month. Representative James
Florio (D-N.J.) estimates that an ad-
ditional 4 million metric tons of waste
(a 10% increase in the volume already
regulated) will be covered by this
provision. EPA informally estimates
that the number of regulated genera-
tors could increase from the present
30 000-40 000 to 150 000.

The bill discusses the current prac-
tice of disposing of hazardous wastes
in, on, and under land. As proposed,
the underground injection of hazard-
ous wastes would be forbidden where
they are injected into a geologic for-
mation containing drinking water
supplies (within a quarter mile or
above such a formation). In addition,
specified liquid hazardous wastes and
halogenated organics must be reviewed
within 32 months of the bill’s enact-
ment, to determine whether their dis-
posal via underground injection poses
the risk of damage to human health or
the environment.

H.R. 2867 establishes very stringent
criteria for the EPA administrator to
determine which land disposal tech-
nique may be used for specific wastes.
Certain techniques “. . . must be pro-
tective of human health and the envi-
ronment for as long as the waste re-
mains hazardous, taking into account
the long-term uncertainties associated
with land disposal.. . . the persistence,
toxicity, mobility, and propensity to
bicaccumulate of such hazardous
wastes and their toxic constituents.”

Liquid wastes in landfills

Liquids in landfills also are covered
in detail. Effective six months after
enactment, placing bulk or noncon-
tainerized liquid hazardous wastes in
any landfill would be prohibited.

Within one year, the placement of
any liquids (even if they are not haz-
ardous) in hazardous waste landfills
would be eliminated unless there are
no alternative methods for disposal.
Landfilling of certain liquid hazardous
wastes containing specific concentra-
tions of arsenic, cadmium, chromium,
lead, mercury, nickel, selenium, thal-
lium, PCBs, and halogenated organic
compounds would also be prohibited,
unless the administrator determined
that the prohibition of one or more
methods of land disposal was not re-
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quired to protect human health. If the
administrator failed to determine
whether a disposal method for specific
waste poses health or environmental
risks, that method would automatically
be prohibited.

In addition to those hazardous
wastes not covered by any of the sec-
tions discussed above, the adminis-
trator is to study all of the wastes listed
in 40 CFR 261.31 and 261.32 and
promulgate regulations on their dis-
posal in landfills. He or she must pro-
mulgate regulations for a third of the
listed wastes within 32 months, an
additional third within 42 months, and
the remainder by 52 months after en-
actment of the House bill.

H.R. 2867 also requires the ad-
ministrator to promulgate regulations
for monitoring and controlling air
emissions from hazardous waste stor-
age, treatment, and disposal facilities
as needed.

In this broad context, Congress is
encouraging resource recovery, pro-
duction process changes to reduce the
amount of hazardous wastes generat-
ed, and the use of alternative disposal
techniques, such as incineration and
chemical fixation. This policy is likely
to raise more problems—witness re-
cent public reaction to the siting and
use of incinerators and incinerator
ships to dispose of hazardous wastes.
The stringency of criteria and the
waste-specific determinations required
in H.R. 2867 create the need for a
large volume of information that is not
presently available.

The Senate, of course, has yet to fi-
nalize its own legislation; however, it
is reasonable to believe that the broad
outlines presented by the House bill
are going to be favored in some way.

Richard M. Dowd, PhD, manages the
Washington, D.C., office of Environ-
mental Research & Technology, Inc.
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Health risks from
light-duty diesel vehicles

Low risk of lung cancer from exposure to diesel exhaust is
projected from laboratory and epidemiologic data

Richard G. Cuddihy
William C. Griffith
Roger O. McClellan
Inhalation Toxicology Research
Institute
Lovelace Biomedical and
Environmental Research Institute
Albuquerque, N.M. 87185

Increasing numbers of automobiles
and light-duty trucks are likely to be
equipped with diesel engines in the
future because they have higher fuel
efficiencies than gasoline engines and
because diesel fuel traditionally has
cost less than gasoline. Interest in
diesel engines also was stimulated by
the Federal Corporate Average Fuel
Economy Requirement for 1985 (/).
By then, manufacturers of light-duty
vehicles must attain an overall fleet
average of 27.5 miles per gallon (mpg)
(11.7 km/L) of fuel. Introducing more
fuel-efficient diesel-powered vehicles
is one approach to meeting the fuel
economy average while minimizing the
need to reduce vehicle size.

Current diesel-powered vehicles
emit more visible smoke and odors
than gasoline-powered vehicles, and
this has led to concern about their
possible effects on human health and
the environment. In November 1977,
the EPA issued a precautionary notice
reporting that organic solvent extracts
of diesel exhaust particles were muta-
genic in bacteria cell assays. Because
chemical mutagens and carcinogens
may alter genetic material in cells from
different organisms in similar ways,
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evidence that a chemical causes ge-
netic damage in bacteria is reason for
concern that it may cause cancer in
people. Thus, the EPA and the De-
partment of Energy developed major
research programs to determine the
potential health and environmental
effects of increasing the use of diesel
engines in light-duty vehicles in the
U.S. (2). The EPA also requested that
the National Research Council con-
duct a study of the potential health
effects and the public policy issues re-
lated to diesel vehicle emissions to in-
form government bodies, automotive
industries, and the public about our
current state of knowledge (3).

Future use

Light-duty vehicles include auto-
mobiles and trucks with gross weights
less than 3850 kg (4). Currently, there
are about 130 million light-duty vehi-
cles in the U.S. Of these, about 2% are
powered by diesel engines. Within 20
years, the total number of light-duty
vehicles is expected to reach 165 mil-
lion, but the portion that will have
diesel engines will depend on many
factors. These include the availability
and cost of diesel fuel, government
regulations that may be enacted to
limit their emissions, and customer
satisfaction with diesel vehicle cost,
performance, and maintenance.

Because of past market demands,
petroleum refineries in the U.S. have
generally been designed to produce
gasoline most efficiently. In terms of
fuel volume, the average ratio of gas-
oline to middle-distillate fuel produced

in the U.S. is about 16:10 (5). (The
middle-distillate fraction includes
diesel fuel, kerosene, jet fuel, and
heating oil.) The fuel product ratio
could be reduced to about 7:10 by
producing more diesel fuel, but beyond
this point, production of diesel fuel
becomes less practical because there is
no economical way to use the lighter
by-products from the process. In ad-
dition to this practical limit on diesel
fuel production, increased demands for
the other middle-distillate products in
the future could further raise the price
of diesel fuel relative to gasoline.

Dicsel-powered  vehicles  now
achieve 20-40% more distance per unit
volume of fuel than gasoline-powered
vehicles because of their higher fuel
cfficiencies and because diesel fuel
contains about 15% more energy than
an equal volume of gasoline (6). If
vehicle fuel consumption rates are
corrected for the higher specific energy
content of diesel fuel and only similar
model vehicles are compared, then
diesel vehicles are about 20% more
efficient than equivalent gasoline-
powered vehicles. The gasoline engine
vehicles used for this comparison burn
lead-free gasoline and are equipped
with emission control devices. Between
1965 and 1975, pollution control
technology reduced fuel efficiencies of
gasoline-powered vehicles by about
25% (7). If similar reductions in fuel
efficiency occur with diesel vehicles
when emission controls are added, then
both types of vehicle may operate with
similar efficiencies.

A comparison between regulated

0013-936X/83/0916-0014A$01.50/0  © 1983 American Chemical Society



TABLE 1
Typical vehicle emissions

Grams/km
Nitrogen Carbon
Vehicle type Particles oxides monoxide
Light-duty diesel 0.1-0.4 0.5-2 0.5-3
Light-duty gasoline 0.001-0.004 0.2-1 1-3
Heavy-duty diesel 0.5-4 3-20 5-50
Heavy-duty gasoline 0.004-0.2 1-11 10-200
Diesel engine models
Oldsmobile Cutlass Diesel 0.6 0.7 1
Volkswagen Rabbit Diesel 0.2 0.6 0.4
Oldsmobile D-88 — 1.6 1.4
Mercedes 300-D 0.3 17 1.2
Audi 5000 — 1.9 2.9
Peugot 504D — 1.5 0.8
EPA—1985 0.12 0.6 2
2 Federal test procedures hot start.
Source: Reference 8.
emissions from gasoline- and diesel-
powered vehicles along with proposed TABLE 2

standards for 1985 is given in Table 1.
Diesel vehicles appear likely to have
difficulty mecting the proposed parti-
cle standard, but the EPA may allow
manufacturers to average particle
emission rates over familics of engine
types (9). This could permit future
diesel vehicles to have particle emission
rates similar to thosc of current mod-
els. Because of these regulatory
uncertainties, our discussion of the
potential effects of light-duty diesel-
powered vehicles considers only cur-
rent emission rates. However, the
projected magnitudes of most effects
can be scaled higher or lower in direct
proportion to the pollutant emission
rates that actually occur.

Substantial economic gains could be
achieved by using more diesel engines
in future light-duty vehicles. For ex-
ample, if we could obtain 20% more
fuel efficiency with 20% of our light-
duty vehicle fleet, this would save ap-
proximately 100 million barrels of
crude oil per year—or 2% of the total
amount of petroleum refined in the
U.S. Our assumption that 20% of
light-duty vehicles eventually will be
powered by diesel engines is consistent
with reports prepared by the EPA, the
Department of Transportation (DOT),
and the AMOCO Oil Company (8). It
is also consistent with the amount of
diesel fuel that can casily be produced
in the future.

Vehicle particle emissions

Although substantial cngineering
efforts have been made to reduce diesel

Atmospheric emissions in U.S. during 1977 2

Thousand metric tons/y

hicles are diesels.
Source: References 8, 15.

Nitrogen Carbon
Source Particles oxides monoxide
Stationary
Electric generation 4000 8000 300
Mining and metals 6 000 200 2000
Petroleum supply 80 400 2000
Other industries 2000 6 000 5000
Fires 700 100 5000
Other 1000 3000 11000
Mobile
Light-duty gasoline 680 5000 68 000
7) (800) (5 000)
Light-duty diesel (60) (400) (600)
Heavy-duty gasoline 80 700 13 000
Heavy-duty diesel 160 1500 1300
Tobacco smokers 20 0.2 10

4 Values in parentheses are projected for future years assuming that 20 % of the light-duty v

exhaust particles, they are probably an
innate product of the diesel combus-
tion process. They differ in chemical
composition from particles found in
gasoline engine exhaust because of
differences in the compositions of
diesel fuel and gasoline and in the
combustion processes. In gasoline en-
gines, fuel is usually mixed with air in
the carburetor, and the vaporized fuel
is supplied to the cylinders, com-
pressed. and ignited by a spark. In
diesel engines, fuel droplets are in-
jected dircctly into the cylinders or

adjacent mixing chambers. Injection
begins during the last part of the
compression stroke and continues
through about 20% of the piston
downstroke. The temperature rise re-
sulting from air compression in the
cylinders is sufficient to ignite the fuel
almost immediately.

The composition of particles emitted
by gasoline-powered vehicles has
changed markedly with the transition
from regular to unleaded fuel (4).
Regular gasoline contains about
0.2 g/L of tetraethyl lead. The lead
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vaporizes during combustion, but it
recondenses upon cooling in the ex-
haust train to form chain aggregates of
small microspheres. About 95% of the
lead is exhausted in fine particles that
have aerodynamic diameters <0.5 um
(10). Emissions from gasoline engines
that use catalytic converters and un-
leaded fuel contain <2% of the particle
concentrations found in exhaust from
gasoline engines that use regular fuel.
Exhaust particles from engines pow-
ered by unleaded fuel are also chain
aggregates of smaller microspheres,
but they are composed mainly of car-
bon and trace metal impurities present
in the fuel.

Exhaust particles form in diesel
engines because combustion begins in
the cylinders before the fuel com-
pletely mixes with air (/7). As the fuel
droplets begin to burn, the region
nearest each droplet is oxygen poor
and the region farther away is oxygen
rich. Rapid oxidation probably begins
in the oxygen-rich region and proceeds
inward. Since the fuel droplet is oxy-
gen poor when first heated, it may
pyrolyze and form an inert carbon
‘particle. The particle may be elimi-
nated by further oxidation, or it may
remain and grow by adsorption of
vapor-phase hydrocarbons. Studies
have shown that most particles in the
exhaust are formed late in the com-
bustion cycle and that a portion of the
adsorbed hydrocarbons may originate
from crankcase oil (/2).

Diesel exhaust particles consist of
chain aggregates of carbon micro-
spheres coated with a variety of or-
ganic compounds that comprise
15-65% of the total particle mass. In-
dividual microspheres are about 35 nm
in diameter, and the aggregate parti-
cles have a mean volume diameter of
about 0.16 um. Several hundred or-
ganic compounds have been identified
in solvent extracts of diesel exhaust
particles (/3), some of which have
been shown to initiate skin tumors in
mice when applied in milligram
quantities (/4).

Ambient levels of diesel exhaust

Exhaust from diesel vehicles does
not contain unique atmospheric pol-
lutants, and it is not likely to be the
largest source of regulated pollutants
in the future (Table 2). If 20% of the
light-duty vehicles are diesel-powered,
their emissions of particles, carbon
monoxide, and hydrocarbons are pro-
jected to contribute less than 1% of the
current total emissions of these pollu-
tants in the U.S. For nitrogen oxides,
future diesel vehicle emissions could
amount to 1-2% of the current total
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emissions. Although diesel vehicles are
not a large source of these pollutants,
their emissions generally occur close to
where people live and work. In con-
trast, other large industrial sources
generally emit pollutants from the tops
of tall stacks located away from the
most densely populated centers. For
this reason, the following exposure and
health risk analyses specifically focus
on evaluating the effects of light-duty
diesel-powered vehicles in congested
urban areas.

To predict how ambient concen-
trations of diesel particles may increase
over large urban areas in future years,
we developed a computer simulation
model (&). In this model, the air over
cities was represented by a matrix of
cells. The concentrations of particles
within the cells were increased or de-
creased by the projected local emis-
sions from vehicles, by exchange with
neighboring cells, and by particle de-
position. Traffic density patterns were
changed to simulate higher emissions
in city centers, which were located in
different positions with respect to the
geographic boundaries of a city. The
model output included estimates of
diesel particle concentrations in air at
different points within a city, the
citywide average levels, and the pop-
ulation-weighted average levels.

From the results of these simula-
tions, average population distributions
and vehicle operating conditions were
selected to project future ambient
concentrations of diesel exhaust par-
ticles in different U.S. cities. We as-
sumed that 40% of urban populations
and diesel vehicles would be concen-
trated in city centers occupying 5% of
the total metropolitan areas, that this
population distribution would exist for
one-half of each day and five days per
week, and that populations and diescl
vehicles would be distributed uni-
formly throughout cities at other

times. The projected population-

weighted ambient concentrations using
these assumptions were twice as high
as those calculated when using uni-
form distributions of vchicles and
people, but only one-half as large as
those calculated assuming a more ex-
treme condition—that 70% of the
urban populations would be concen-
trated in city centers during normal
business hours.

This model, together with current
urban area and population density in-
formation and projections of diesel fuel
consumption rates—based on 1975
gasoline consumption rates -was used
to predict future ambient concentra-
tions of diesel exhaust particles in
major U.S. cities (Figure 1). Assuming

the average diesel particle emission
rate will be 0.3 g/km, the mean am-
bient concentration was predicted to be
0.5 pg/m?3, but the most densely pop-
ulated cities could experience levels
between 1 and 5 pug/m’.

To predict future urban ambient
concentrations of gaseous emissions
from light-duty diesel vehicles requires
complex mathematical models that
incorporate photochemical reactions,
detailed weather information, and
complete information about local
pollution sources. These analyses are
costly, and they cannot be performed
for many metropolitan centers because
the necessary pollution models are not
available.

One modeling study representing
the San Francisco Bay area was done
in parallel with this analysis (8). It
indicates that urban concentrations of
diesel-powered-vehicle gaseous pollu-
tants and their photochemical reaction
products are not likely to change sig-
nificantly. This is because diesel- and
gasoline-powered vehicles currently
have similar levels of gaseous emissions
and other large sources of these pol-
lutants are located in major metro-
politan centers. Thus, further urban
modeling studies of photochemical
pollutants were not done for other
cities, and our analyses focused on
human exposures that will occur in
close proximity to congested urban
streets. These exposures will be domi-
nated by nearby vehicle emissions, and
they will be the highest exposures to
diesel vehicle emissions encountered by
the public.

To estimate future ambient levels of
diesel emissions in congested areas, we
used empirical relationships between
measured concentrations of carbon
monoxide and distance from or above
the streets (4). Carbon monoxide
reacts very slowly in urban air.
Therefore, it is a good tracer for vehi-
cle emissions with reaction times in the
atmosphere that are longer than the
period of time that the pollutants re-
main near the site of interest. This
period lasts only a few minutes in most
weather conditions.

The relationships use pollutant
concentration indexes calculated by
dividing the measured ambient levels
of the pollutant at a given location by
its emission rate from all of the vehicles
using the street. The emission rate is
defined as the number of vehicles
passing the location each hour multi-
plied by the emission rate of an average
vehicle. Most of the data used to de-
velop the relationships between am-
bient concentrations of pollutants and
their sources were derived from studies



in St. Louis, San Jose, and Nashville,
FIGURE 1~ . . - where the tallest buildings near the
Projected diesel particle concentrations for U.S. cities sampling sites were only 40 m high.
However, measurements made 1.5 m
above street level in a Manhattan
250 - Median 0.4 street canyon over a 4-y period are only
about 50% higher than the curves ob-
tained for the more shallow street
canyons.
200 - Brief, high ambient concentrations
Mean 0.5 of diesel vehicle exhaust also may
occur in urban parking garages and
other enclosed structures. Mathe-
matical models, such as simple box
models, can be used to calculate these
pollutant levels by taking into account
100 - the volume of a garage, its rate of
ventilation, the number of vehicles
running at one time, and the vehicle
emission rates (4).

Typical ambient concentrations of
diesel and gasoline engine vehicle

emissions in congested urban areas
were calculated for a time when 20%
0 ; ; 7 : of the light-duty vehicles may be diesel

powered (Table 3). Diesel vehicles are
expected to add significantly to the
Population-weighted ambient concentration (..g/m?) ambx;nt level§ of particles, but they are
not likely to increase the levels of ni-

Number of cities

trogen oxides and vapor phase hydro-

carbons by more than 25%. Carbon
FIGURE 2 : :
Model of diesel particle retention monoxide levels in congested urban
areas are not expected to rise because
emissions of this pollutant from diesel
and gasoline engines are similar.

L L

Exposures to diesel exhaust

Concerns about the potential health
effects of exposures to light-duty diesel
vehicle exhaust have focused mainly on
particle emissions. Diesel exhaust
particles are small, and they readily
deposit in the respiratory tract when
inhaled (Figure 2) (/6). Particles that
deposit in the upper airways remain

Photomicrographs of tissues from rats that were chronically exposed to diesel exhaust show the there for Only a brief period of time
accumulation of particles in lung macrophages (a) and in lymph nodes (b). because lhey arera p]d]y cleared from
— Inhaled particles these regions to the _gaslroinleslingl
clearance tract. In contrast, particles that deposit
in the lower pulmonary region may be
Nasopharynx retained for several hundred days after
| Dissociated material inhalation.
—may be retained Particles also are transported to the
ﬁgﬁ;&;‘r‘lé%ﬁgrmi ° | pulmonary lymph nodes by macro-
sites phages where they are retained for a
| | Tracheobronchial <;: —may interact with long time. The fate of organic com-
region tissues in a detoxified, pounds associated with the particles is
Gastro- activated, or unaltered f ial orn bec hes i
intestinal =1 form of special concern ccause t cs¢ com
tract pounds are similar to organic com-
pounds associated with cigarette
<L[—_— smoke, coke oven emissions, and
l<— Pulmonary region Lymph roofing tar vapors, which are known to
’:> Hodes cause lung cancer in humans (2). The
organic compounds may dissociate
Dissociated material from the particles and be transported
to other tissues where they can be

Other sites .
metabolized and excreted or cause

additional damage to health.

Source: McClellan et al (74)
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TABLE 3 .

Projected ambient concentrations of emissions from light-
duty vehicles if 20 % of them are diesel powered 2

Ambient concentration in ug/m3

(annual average)

Nitrogen Carbon Hydro-
Location Particles oxides monoxide  carbons

Typical street canyon 10 100 (20)® 150 40
(2000 vehicles/h)

Manhattan street canyon® 30 230 (45) 250 90
(2000 vehicles/h)

Expressway (10 000 vehicles’/h)
at roadside 35 350 (70) 500 90
at 100 meters 6 60 (10) 100 15

Parking garage 80 400 (70) 2000 800
(8-h average)

U.S. cities 0.5 — — —
(annual average)

*  Rural areas 0.05 - — —

4 Estimates include emissions from both diesel- and gasoline-powered vehicles.
® Values in parentheses are for nitrogen dioxide.
¢ Assumed emissions are for the New York City driving cycle.

Prolonged human exposure to high
levels of atmospheric pollutants has
also been shown to cause changes in
respiratory function and may con-
tribute to long-term development of
respiratory discases other than cancer
(17). Irritant particles and gases pro-
duce toxic effects through chemical
reactions with cells lining the respira-
tory airways. This leads to functional
and morphological alterations of pul-
monary defense mechanisms, causing
increased susceptibility to infection.

Because many different pollutants
arc always present in the atmosphere,
it has not been possible to identify
specific pollutants that may be re-
sponsible for causing damage to
health. The EPA has derived standards
for total suspended particles based on
mass, irrespective of their chemical
composition. This approach assumes
that the total mass of particles can be
used as an index of noncancer risks and
that by controlling emissions of parti-
cles in general, the ambient concen-
trations of toxic compounds that may
be associated with the particles will be
held within appropriate limits. In ad-
dition, nitrogen oxides and sulfur ox-
ides emitted from both diesel- and
gasoline-powered vehicles are toxic
gases that may contribute to health
risks.

Lung cancer risk

To date, inhaled diesel engine ex-
haust has not been shown to cause lung
cancer in humans. The most signifi-
cant cpidemiologic study was done
with London transit workers who were
exposed to dicsel bus exhaust between
1930 and 1974 (/8). Although this
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study did not detect an increasc in lung
cancer risk even in bus garage workers,
the group with the highest exposure,
there were important deficiencics in
the information available for analysis.
The worker groups were highly vari-
able in ethnic composition, and many
workers were born and had lived out-
side of Great Britain; the workers were
not followed up after they left em-
ployment; and smoking historics and
age information were not available.
Harris (/9) analyzed the London
transit worker study statistically to

answer the question: How high could
the lung cancer risks have been in the
exposed workers and yet not have been
detected? Taking the large uncer-
taintics of the original study into ac-
count, Harris cstimated that worker
lifetime risk could have increased by
0.05% for cach year of exposure to
diesel exhaust particles at a level of
1 ug/m? caleulated as an average over
all of the air breathed. This was esti-
mated to be the 95% upper confidence
limit of the increased lung cancer risk.
Thus, people who would be exposed to
an average ambient concentration of
2 ug/m? for 70 y could have their
normal lung cancer risk increased by
as much as 7% (2 pug/m? X 70 y X
0.05%). Because this upper confidence
limit may represent a larger involun-
tary risk than many people would
readily accept. more information is
needed to better define this risk.
Additional perspective can  be
gained by reviewing measured cancer
incidence rates in other groups of
people who have been exposed to sim-
ilar hydrocarbon combustion products.
These include cigarette smokers, coke
oven workers, roofers, and people ex-
posed to ambicent pollution. Their an-
nual lung cancer rates arc shown in
Figure 3 in relation to the calculated
daily average ambicnt concentrations
of particles that they breathe. Groups
of people who inhale higher average
particle concentrations also have
higher lung cancer risks, but smokers
develop fewer cancers per unit con-

FIGURE 3

Measured lung cancer risks in human populations compared to
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10° -
° Coke oven workers
°
g - F o/Roofers
Q
o -
2 — Smokers
o —
&
2 10
[}
= ® Urban nonsmokers
] v
2 Rural nonsmokers
8 1k
g
=] Projections for diesel exhaust
©
2 i ;
c 10 1 Bl 1 J
< 10 102 108 104 10° 108

Average ambient concentration (ug particles/m?)




TABLE 4

Summary of results from short-term mutagenesis and carcinogenesis tests using organic
extracts of particle emission samples

! SHE, Syrian hamster embryo.

Slopes of the reported dose-effect relationships 2
Diesel Cig Coke oven Roofing tar
Assay Caterpillar Oldsmobile  Volkswagen Nissan (Mustang) smoke emissions vapors
Ames mutagenesis (20)
TA98 +MA® 0.6 3 3 14 3 1 3 1
-MA 0.7 6 4 12 1 0 2 0
TA100 +MA 1 2 4 9 2 “NAC 3 4
-MA 2 2 6 13 2 0 3 0
Mouse lymphoma cell (21)
+MA 0.08 1 2 3 2 0.5 10 30
—MA 0.2 0.7 3 4 0.4 0.5 0.9 0.4
Balb C/3T3 mutagenesis (22)
+MA 0.2 0.5 NA 2 4 NA NA 2
—MA 0.2 0.5 NA 1 4 NA 8 3
CHO mutagenesis (23)° 0 0 0.01 0.03 0.01 0 0.02 0
(24) NA 0.2 NA NA 0.6¢ 0.06 6 6
SCE in CHO cells (27)°
+MA 0 0.02 0.03 0.07 NA 0.02 0.05 0.2
-MA 0.01 0.02 0.07 0.3 0.8 0.1 0.4 0.1
SHE viral enhancement (23)" 0.04 0.06 0.1 0.6 0.2 0.5 0.7 2
Skin tumor initiation (25) 0 0.3 0.2 0.6 0.2 NA 2 0.4
2 The slope is the cell mutation or transformation freqt per unit ¢ on of extract applied or, for skin tumor initiation, the number of papillomas
per mouse at 1 mg of dose.
b ndi hether or not boli ion was used for the assay.
¢ Results not available.
9 Chevrolet Citation.

@ SCE, sister chromatid exchange; CHO, Chinese hamster ovary cells.

centration of particles breathed than
all of the other groups. This is consis-
tent with the hypothesis that exposure
to polycyclic aromatic hydrocarbons
(PAHs) is a major factor increasing
lung cancer risk because chemical
analyses have shown that cigarette
smoke condensate contains only about
1-10% of the levels of many PAHs
found in urban soot, gasoline engine
exhaust, and diesel engine exhaust
(8).

For the past several years, EPA has
supported a major research program
to compare the mutagenic and carci-
nogenic potencies of organic extracts
of diesel and gasoline engine exhaust
particles, cigarette smoke condensate,
roofing tar vapors, and coke oven
emissions (2). Many biological test
systems were used, including muta-
genesis assays with bacteria and
mammalian cells, DNA damage as-
says with hamster ovary cells, and
carcinogenesis assays using hamster
embryo cells and mouse skin painting.
Results from these different assays
indicate that in comparison with the
other combustion products, extracts of
diesel exhaust particles could be more,
less, or equally potent in causing ge-
netic transformations (Table 4).
Rather than reflecting the total cancer
risk, the relative carcinogenic potencics

derived from the results of individual
test systems seemed to depend more on
the unique sensitivities of each test to
specific chemical compounds (26).
Thus, it is difficult to know how to
combine the varied results of these
studies and derive appropriate nu-
merical values to express the relative
carcinogenic potencies of these com-
bustion products. The fact that diesel
particle extracts do not appear to be
significantly more potent than the
other mixtures may be the most im-
portant finding.

Also, it may not be necessary to
arguce that diesel particles are some-
what more or less potent than the other
products on the basis of the short-term
bioassay results because the actual
exposures of people to these substances
range over several orders of magni-
tude. Smokers inhale hundreds of
grams of cigarette smoke each year;
coke oven workers and roofers inhale
a few grams of emissions each year;
but people exposed to diesel particles
will inhale only milligram amounts
annually. For diesel exhaust to repre-
sent a similar hazard to people as the
other combustion products, diesel
particles would have to be several or-
ders of magnitude more potent in
causing lung cancer. This is clearly not
the case.

For this analysis, we assumed that
lung cancer risk from exposure to
diesel exhaust is not likely to result in
more than 0.1 lung cancer deaths each
year in a population of 100 000 people
per ug/m? of particles breathed over
their lifetimes. This level of risk is
represented by the solid upper line in
Figure 3. Albert et al. used results of
the short-term bioassay studies with
the different combustion products to
mathematically derive a lifetime can-
cer risk of 0.3 X 10~ per ug/m3 av-
erage ambient concentration of parti-
cles breathed (27). If the average
lifespan in a population is 70 y, then
this risk would be equivalent to 0.05
lung cancer deaths each year per
100 000 people per ug/m? average
concentration of particles breathed.
This level of risk is indicated by the
blue line in Figure 3.

In a second analysis of the short-
term bioassay information, Harris
(19) derived a lung cancer risk factor
about twice that indicated by Albert et
al. (27). Harris used a relative risk
model suggesting that the increased
risk for members of a population would
be proportional to the lung cancer risk
that they would incur without being
exposed to diesel exhaust. This implies
that the increased lung cancer risk
would be much more likely to affect
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smokers and other people who already
have a high risk of developing lung
cancer. About 110 000 lung cancer
deaths now occur each year in the
U.S., and about 90% of these occur in
smokers. Therefore, the risk model
used by Harris would predict that
about 90% of the increased risk from
exposure to diesel engine exhaust
would also occur in smokers.

Using the lung cancer risk factor
described above (0.1 cancer deaths per
year in a population of 100 000 per
ug/m?3 average concentration of par-
ticles) and the projected ambient levels
of particles in urban areas (Table 3),
we calculated the potential lung cancer
risks from future light-duty diesel-
powered vehicles (Table 5). The cur-
rent average annual lung cancer risk
for nonsmokers is about 7 per 100 000
people; for smokers, it is about 80 per
100 000. Results of the analysis de-
scribed here indicate that about 200
additional lung cancer deaths might
occur in the U.S. each year if 20% of
the light-duty vehicles were diesels.
Most of this increased risk is expected
to be incurred by people living near
congested expressways or working
near congested urban streets. Uncer-
tainties in these calculations are dis-
cussed in detail elsewhere (8).

Respiratory functional diseases

Health specialists often use linear
mathematical relationships to estimate
cancer risk from exposures to different
levels of chemicals or physical agents.
These relationships are used to esti-
mate risk, even at very low exposure
levels, although the validity of the es-
timates at low levels of exposure can-
not be proven. For noncancer health
effects, such as changes in respiratory
function and decreased resistance to
infection, damage to the respiratory
system may not be apparent below
threshold exposure levels, but it may
increase sharply above those levels.
The National Ambient Air Quality
Standards are thought to represent
exposure levels that are below health
effects thresholds for different atmo-
spheric pollutants (/7).

Because diesel-powered vehicles are
not the only sources of particles, ni-
trogen dioxide, and other pollutants in
urban air, we cannot estimate their
noncancer health risks independently.
By themselves, diesel vehicles are not
expected to cause levels of pollutants
in urban areas that would exceed air
quality standards. But combined with
pollutants from other sources, the total
could exceed air quality standards and
contribute to development of long-
term damage to respiratory health. A
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TABLE 5
Projected lung cancer risk from diesel vehicle exhaust
Particle Added annual
exposure lung cancer
Population (ug/m?) risk 2
Resident of major U.S. city 0.05-5 0.005-0.5
Urban resident living 100 m from expressway 0.06-6 0.006-0.6
Worker on urban expressway 4-35 0.4-3.5
Worker in urban street canyon 1-30 0.1-3

@ Cancers per 100 000 people.

primary concern is for the increased
frequency of respiratory symptoms
and decreased pulmonary function
observed in children exposed to >200
ug/m?3 of particles and sulfur dioxide.
These levels have also decreased lung
function in adults (/7). Chronic ex-
posure to NO; >30-100 ug/m? has
also been observed to increase respi-
ratory illness and may cause small
changes in pulmonary function in
children under two years of age (28);
it also has been reported to cause in-
creased respiratory symptoms in chil-
dren between the ages of six and 11.

Currently, the primary air quality
standard for total suspended particles
is 75 pug/m3 for the annual average
and 260 ug/m? for the highest daily
average. If future particle emissions
from light-duty diesels average
0.3 g/km, then ambient concentrations
of these exhaust particles in congested
urban areas could reach 35 ug/m*—a
30-80% increase over current levels in
these areas. Future air quality stan-
dards may be based on size-selective
particle sampling that would include
only respirable particles smaller than
10 um in aerodynamic diameter (/7).
In this event, diesel particles will con-
tribute a larger share of the samples
than if all particle sizes were collected
because diesel particles are smaller
than 1 um in diameter.

The current air quality standard for
nitrogen dioxide is 100 ug/m3. The
mean annual concentration in urban
areas of the U.S. between 1977 and
1979 was 50 pg/m?3, but 5% of the re-
porting sites, mainly congested urban
areas, exceeded 100 ug/m? (28). Ni-
trogen dioxide emissions from gaso-
line-powered vehicles have been re-
duced in recent years, mainly with
exhaust gas recirculation and catalytic
converters. Current model diesel-
powered vehicles emit levels of nitro-
gen oxides similar to those of gaso-
line-powered vehicles manufactured in
the mid-1970s, but twice as much as
those of current models of similar size.
Therefore, increasing our use of diesel

vehicles in the future may not alter am-
bient concentrations of nitrogen dioxide.

Other potential effects

A complete assessment of the po-
tential effects of light-duty diesel-
powered vehicles requires consider-
ation of several topics that have not yet
been addressed. First, diesel exhaust
has a distinctive odor that many people
find unpleasant. Based on the results
of odor tests (29) and projections of
future concentrations of diesel exhaust
at congested urban sites, Forrest et al.
concluded that diesel exhaust would
not, on the average, lead to a signifi-
cant deterioration of these atmo-
spheres (4). However, it is likely that
some people who are very close to
congested traffic areas with higher-
than-average numbers of diesel vehi-
cles may find the odors unpleasant or
even unbearable over short periods of
time. This will be similar to the expe-
rience that people encounter in passing
directly through the exhaust plume of
diesel vehicles.

Second, diesel exhaust will add to
the total ambient concentrations of
particles in urban and rural areas. This
may reduce visibility and increase
soiling. The effect is expected to be
small in most areas, but near express-
ways and in urban street canyons,
diesel exhaust particles may comprise
30% or more of the total particulate
pollution and contribute a propor-
tionate amount to nearby urban soil-
ing. The potential for this requires
further evaluation.

Third, increased use of diesel-pow-
ered vehicles may affect overall high-
way safety (30). Use of diesel engines
provides a means of obtaining im-
proved fuel economy without reducing
vehicle size. When involved in colli-
sions, passengers in larger vehicles
have been noted to experience fewer
serious injuries and deaths than pas-
sengers in smaller vehicles. Although
this may lead to improved safety for
passengers in large vehicles, it may
lead to higher risks for passengers in



small vehicles. Also, diesel fuel is less
combustible than gasoline and might
decrease the risk of fire. Because of
such offsetting safety factors, it is still
uncertain whether increased use of
diesel-powered vehicles will alter the
overall risk to motorists.

Summary and conclusions

Particle emissions from diesel-
powered vehicles are significantly
higher than those from gasoline-pow-
ered vehicles that use unleaded fuel.
There are two concerns related to in-
haling high concentrations of particles.
First, they may cause respiratory
functional changes and increased
susceptibility to infections because of
their toxic properties. Second, they
may increase our risk of developing
respiratory tract cancers because they
contain mutagenic and carcinogenic
chemical compounds.

Because concentrations of particles
from diesel vehicles will not exceed
about 40 pg/m?, even in very con-
gested urban areas, they should not by
themselves cause symptoms of respi-
ratory disease. However, combined
with particle emissions from other
sources, diesel vehicles could contrib-
ute substantially to the total particu-
late pollution levels in urban areas. In
consequence, ambient levels in these
areas may then exceed air quality
standards, and cause a concomittant
rise in respiratory disorders.

Lung cancer risks from inhaling
diesel exhaust particles were estimated
by comparing their carcinogenic
potencies with other substances that
have been shown to cause cancer in
humans. We estimate that the ex-
pected levels of exposure in congested
urban areas could increase a person’s
lung cancer risk by a few percent, but
that the overwhelming cause of lung
cancer in a population will continue to
be cigarette smoking. Overall, diesel-
powered vehicles are expected to cause
less than about 200 lung cancers per
year in the U.S. population. However,
the information currently available is
insufficient to exclude the possibility
that no lung cancer cases can be at-
tributed to the emissions from light-
duty diesel vehicles.
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PCB contamination in and
around New Bedford, Mass.

Although higher levels exist elsewhere in North America,
the cumulative exposure involving aquatic life and
humans in this locality is said to be unique

Grant Weaver
Department of Public Utilities
City of Norwich
Norwich, Conn. 06360

As home port to those vessels that
ply the rich offshore waters of Georges
Bank, New Bedford is the largest rev-
enue-producing fishing port on the
U.S. Atlantic seaboard. Bounded by
the Acushnet River cstuary, New
Bedford Harbor, and Buzzards Bay,
this community of 100000 has
weathered wave after wave of chang-
ing economic fortunes—first as the
world’s largest whaling port and later
as a major textile center.

Since the end of World War I1, the
city has struggled to broaden its cco-
nomic base through the development
of an industrial park as well as other
incentives designed to encourage the
movement of new industry to the area.
Two of the mainstays of New Bed-
ford’s recently diversified economy are
electronic capacitor manufacturers
located in old textile mill houses sit-
uated on the banks of the Acushnet
River estuary.

The past use of polychlorinated bi-
phenyls (PCBs) in southeastern Mas-
sachusetts by these capacitor manu-
facturers has left a lasting impact on
New Bedford’s vibrant port. PCBs are
industrial chemical compounds that
were commercially manufactured and
marketed in the U.S. from 1929 to
1977. The Monsanto Corporation of
St. Louis, Mo., the former industrial
producer of PCBs in the U.S., mar-
keted PCB blends and mixtures under
the trade name Aroclor. The total na-
tional production of PCBs during the
approximately 50 years of their man-
ufacture is believed to have totaled
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600 million kg.

The chemically stable, nonflam-
mable nature of PCBs. together with
their high boiling point, low solubility,
and nonconductive nature makes these
chemical compounds nearly ideal for
many industrial applications, including
capacitors and transformers. Unfor-
tunately, these same propertics cause
PCBs to persist in the environment and
bioconcentrate, creating potential
hazards to affected biota.

The four-digit number following the
trade name Aroclor was used to char-
acterize the blend of polychlorinated
biphenyls. Except for Aroclor 1016,
which was not named according to
protocol, the first two digits were as-
signed to represent 12 carbon atoms
(thercby identifying the biphenyl
structure) while the final two digits
were used to represent the approxi-
mate percentage of chlorine by weight
in the PCB blend.

The physical characteristics of
PCBs vary according to the mixture.
As the chlorine content increascs, the
Aroclors change from a colorless oil, to
a sticky resin, to a white powder, and
their persistence in the environment
generally increases.

Even very small concentrations of
PCBs can be detrimental. The U.S.
EPA has recommended a marine
water quality standard of 0.03 ppb to
protect marine life. Marine and
freshwater organisms have been found
to concentrate PCBs in their bodies to
levels 100 000 to one million times or
higher than those levels present in
ambient waters.

The U.S. Food and Drug Adminis-
tration (FDA) has established regu-
latory limits for PCBs in various foods
(Table 1). The limit for fish and
shellfish is 5 ppm wet weight in the
cdible portions of these foodstuffs.

0013-936X/83/0916-0022A$01.50/0

(Biotic concentrations are given as wet
weight; all other solid-phase data are
reported as dry weight. Solid fraction
PCB concentrations of mg/l. are
considered cquivalent to ppm.)

At this time there are no federal
standards for PCBs in drinking water
or ambient air. The Occupational
Safety and Health Administration
(OSHA) has sct a workplace standard
of 1 mg/m?' for Aroclor 1254, The
National Institute for Occupational
Safety and Health (NIOSH) recom-
mended a more stringent workplace
standard of 1 pg/m?' total PCBs:
however, the OSHA standard remains
in cffect.

Wastewater discharges of PCBs are
regulated by EPA in accordance with
Code of Federal Regulations, 40 CFR
129.105. This regulation is imple-
mented through the National Pollution
Discharge  Elimination  System
(NPDES) permitting program. PCBs
are severely lmited in discharges from
clectrical capacitor manufacturers.

Localized PCB spills have contam-
inated surface sediments in a number
of widespread locations across North
America. A number of sites including
the Hudson River (N.Y.), Lake
Michigan's Waukegan Harbor (111.).
and the municipal wastewater treat-
ment facility in Bloomington. Ind..
have been contaminated by PCBs.
Nonctheless, the recently completed
Remedial Action Master Plan states
that New Bedford “is one of the most
extensive cases of environmental con-
tamination by polychlorinated bi-
phenyls. ... Although the con-
centration of PCBs in water. sediment.
and air has occasionally been found to
exist elsewhere at levels greater than
that obscrved in the New Bedford
arca. the cumulative environmental
exposure affecting New  Bedford's
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biota (including portions of the human
population) is said to be unique.

Other contaminated areas

Hudson River. The most widely
publicized PCB contamination of an
American waterway—more than
250 000 kg were discharged over 25
years from two capacitor manufac-
turing plants—is that which exists in
New York State’s Hudson River near
Fort Edward. In 1975, PCB levels in
some fish were found to exceed the
FDA’s tolerance level of S ppm. As a
result, the New York State Depart-
ment of Environmental Conservation
(NYSDEC), with the advice of the
Department of Health, instituted a ban
on fishing in the upper Hudson River
from the Troy Dam to Fort Edward. In
the lower Hudson River, commercial
fishing was restricted, and recreational
fishermen were advised to restrict fish
consumption to one meal per week
(American eel excluded).

In 1976, after lengthy hearings, the
state and the General Electric Com-
pany, the principal PCB discharger,
sharing the responsibility, agreed to
seek ways to remove PCBs from the
river. The two parties established a
$7-million fund for research and en-
gineering studies, which were carried
out by consultants, universities, and
federal and state agencies in one of the
most comprehensive investigations of
a hazardous waste problem ever un-
dertaken in the U.S. These studies
found that the PCB-contaminated
sediments in the upper Hudson River
act as a source to the entire down-
stream river system. According to
1979 U.S. Geological Survey readings
at the Troy Dam, approximately 3200
kg of the chemical moved downstream
of the dam annually.

Much of the Hudson’s contamina-
tion is concentrated in a relatively
small area. Forty “hot spots™ have
been located by the NYSDEC in the
upper reach where PCB concentration
is equal to or greater than 50 ppm.
Removal of these hot spots from the
river would greatly reduce the amount
of PCBs available to the ecosystem,
according to the study.

Waukegan, Ill. Another docu-
mented case of the contamination of a
navigable waterway by PCBs exists in
Lake Michigan’s Waukegan Harbor.
The area of contamination encom-
passes a 15-hectare (ha) shipping port,
an adjacent upland industrial arca, and
a lengthly drainage ditch. PCB con-
centrations up to 250 000 ppm, or 25%
by weight, have been observed in areas
of upland and submerged sediments in
the vicinity of the Outboard Marine
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Corporation’s Johnson Motors facility.
Fish containing PCBs at levels ex-
ceeding 100 ppm have been captured
within the harbor, while immediately
outside Waukegan Harbor fish exhibit
PCB levels characteristic of Lake
Michigan fish (averaging, and occa-
sionally exceeding, 2-5 ppm).
Bloomington, Ind. PCB contami-
nation of the city’s Winston Thomas
wastewater treatment plant has re-
sulted in the stockpiling of six years’
accumulation of residual sludges
amounting to approximately 25 000
m? of material with a PCB concen-
tration averaging 100-300 ppm.

New Bedford PCBs

Contamination of New Bedford
Harbor was first documented in 1976
when EPA conducted a New England
PCB survey and found elevated levels
of the material in various harbor lo-
cations. Testing revealed that two in-
dustrial operations were discharging
wastewaters containing PCBs. Both
the direct discharge of contaminated
waters to the Acushnet River estuary
and PCB contamination of the New

Bedford municipal wastewater treat-
ment facility were identified.

Since this initial survey of the New
Bedford area, a much better, although
not yet complete, understanding of the
extent of PCB contamination has been
gained. The direct discharge of
PCB-contaminated wastewater from
all industrial operations has been sig-
nificantly reduced. The discharge of
PCBs from the city wastewater treat-
ment plant, however, remains signifi-
cant. Recent studies have documented
that 90-300 kg of PCBs continue to be
discharged annually in this manner.

The sediments underlying the entire
440-ha New Bedford Harbor contain
elevated levels of PCBs. Concentra-
tions range from a few parts per mil-
lion to well over 100 000 ppm. Portions
of Buzzards Bay are also contaminated
with concentrations occasionally ex-
ceeding 50 ppm. The water column in
New Bedford Harbor has been found
to contain PCBs in the parts-per-bil-
lion range, well in excess of EPA’s
0.001-ppb guideline. (Liquid fraction
PCB concentrations of ug/L are con-
sidered equivalent to ppb.) EPA, ac-
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. seafood industry resulted in the courts

FEETTABLE, 317 e 1 5 : ]
FDA limits on PCB concentrations in foodstuffs
Foodstuff PCB limit (mg/L wet weight)
Fish and shellfish 5.0 (edible portion)
Milk and manufactured dairy products 1.5 (fat basis)
Poultry i 3.0 (fatbasis)
Red meat 3.0 (fat basis)—action level
Eggs 0.3
Infant and junior foods 0.2
Paper food package in direct contact ~ 10.0—action level
with foodstuff
Animal feed components of animal 2.0
origin
Feed for food-producing animals 0.2 (except concentrates, supplements,
. and premixes)
4FDA ded lowering this 10 2.0 mg/L in 1977; however, challenges by the

y stay on any g

knowledging this contamination, has
placed New Bedford Harbor on the
expanded Superfund listing of the
nation’s most imminently hazardous
sites.

Closed fishing grounds

Widespread contamination of the
Acushnet River estuary and environs
has resulted in the accumulation of
PCBs in many marine species. Thou-
sands of hectares have been closed to
the harvesting of shellfish, finfish, and
lobsters because of PCB contamina-
tion.

The fisheries closure established by
the Massachusetts Department of
Public Health on Sept. 25, 1979, is
divided into three areas as shown in
Figure 1. Area 1, New Bedford Har-
bor, is closed to the taking of all finfish,
shellfish, and lobsters. Area 2 is closed
to the harvesting of lobster and bot-
tom-feeding finfish (eel, scup, floun-
der, and tautog). Area 3 is closed to the
taking of lobsters. Since the FDA has
determined that the affected fishery
resources are not marketed as inter-
state products, the enforcement of
these closures is entrusted to the
Massachusetts Division of Law En-
forcement.

Although the median PCB levels in
five finfish species have been found to
exceed the 5-ppm standard (see Table
2), lobster contamination concerns
area residents the most. The closing of
the bountiful lobstering grounds of
Buzzards Bay has resulted in lawsuits
being filed against both the Com-
monwealth of Massachusetts and the
former manufacturers of PCB-im-
pregnated capacitors. These lawsuits
call on the industries to remedy the
pollution and on the state to reopen the
prized lobstering gounds.

24A  Environ. Sci. Technol., Vol. 18, No. 1, 1984

Of 183 lobsters collected from
Areas 1, 2, and 3 between 1976 and
1980, a median PCB concentration of
4.9 ppm was found in edible tissues.
The mean value was 8.7 ppm, the
maximum was 84 ppm, and the mini-
mum was 0.1 ppm. Subsequently,
lobster data have been compiled only
for Area 3. In this, the most seaward
portion of the closure area, the fol-
lowing results were observed: Of the 66
lobsters sampled from April to De-
cember 1982, the highest value ob-
served was 8.8 ppm; the lowest re-
corded was 0.7 ppm. The median was
found to be 4.1 ppm and the mean 4.4
ppm. In 1982, in the interest of econ-
omy, two lobsters were collected per
sampling station and analyzed as
composites. Therefore, the PCB con-
centrations reported above for these 66
lobsters are defined by 33 sampling
results.

Industrial properties

Two areas known to contain sub-
stantial quantities of PCB wastes are
the industrial properties of the capac-
itor manufacturers. Landfilling at
these sites has taken place in recent
years, and some of the materials used
as fill were apparently contaminated
with PCBs. Even today, capacitors
containing concentrations of PCBs in
the thousands of parts per million litter
the New Bedford Harbor foreshore
behind one factory. Upland sediments
in the vicinity of another contain up to
99 000 ppm PCB:s.

Other sites in New Bedford may
contain substantial quantities of PCBs.
One suspected area to the north is
Sullivan’s Ledge (Figure 1). Located
near the municipal landfill, this site is
now a vacant lot owned by the city of
New Bedford, and was, until recently,

to be developed into a commuter
parking lot. Sullivan’s Ledge was filled
when the city used the area as a
dumpsite for brush, rubble, and de-
molition and industrial wastes.

Waste oils containing PCBs were
used by New Bedford and possibly
other area public works departments
in the oiling of local roadways. In
summary, past activities in New Bed-
ford have resulted in the presence of
PCBs in diverse areas throughout the
community.

The few New Bedford area residents
who have been studied have been
found to contain elevated levels of
PCBs in their blood. Recently, two
small-scale epidemiology studies were
conducted by the Massachusetts De-
partment of Public Health, Harvard’s
School of Public Health, and the
Centers for Disease Control in Atlan-
ta, Ga. Consumers of large quantities
of fish and occupationally exposed in-
dividuals were selected for study. The
results of these studies indicate that the
51 residents tested possessed blood
serum PCB concentrations ranging
from 2 to 343 ppb (mcasured as Aro-
clor 1260). The mean concentration of
Aroclor 1260 observed was 36 ppb,
and the median was 15 ppb.

Industrial PCB practices

PCBs were used in the manufacture
of electronic capacitors during the
years 1947-78 in buildings presently
occupied by Aerovox Inc., a subsidiary
of R.T.E. Corp. (Figpre 1). Capacitors
were produced for a wide range of
electrical applications ranging from
ballasts used in fluorescent light fix-
tures to components used in atomic
research. Their size ranged from ap-
proximately 15 cm? to nearly | m3.

PCB Aroclor 1242 was purchased
from Monsanto for use in capacitor
manufacture until 1972 when Aroclor
1016 completely replaced Aroclor
1242 as the impregnation fluid. Lesser
quantities of Aroclors 1254 and 1252
were also used by Aerovox. At the
peak of production, Aerovox used ap-
proximately 500 000 kg/y of PCBs.
All use of PCBs stopped in 1978 when
dioctyl phthalate (DOP) was substi-
tuted in the manufacture of capaci-
tors.

To determine the extent, if any, of
PCB contamination of Aerovox’s
sanitary waste discharges, the Mas-
sachusetts Department of Environ-
mental Quality Engineering (DEQE)
retrieved two wastewater grab samples
in 1981. No PCBs were found. In
1976, when PCBs were still being used,
EPA sampling detected PCB levels
ranging from 73 to 400 ppb in the



wastewater.

Open channels parallel the northern
and southern exterior walls of the
factory, terminating at the Acushnet
River. At one time, the troughs con-
veyed cooling waters. Today, a
closed-cycle cooling system has elim-
inated the need for anything other than
an occasional discharge. An EPA
sampling effort in June 1981 led to the
detection of the presence of contami-
nation in the sediments in the bottom
of the external troughs. After the
findings of 40-22 000 ppm were re-
ported to the company, Aerovox re-
moved the contaminated sediments
and disposed of them in accordance
with state and federal laws.

All analyzed soil and sediment
samples collected on the Aerovox
property have been found to contain
elevated levels of PCBs. Soils inside the
chain link fence surrounding the
property contain up to 24 000 ppm.
Seaward of the fence, sediment sam-
pling revealed levels of 190-190 000
ppm. These values were found in up-
land, intertidal, and subtidal sediment
samples collected from a widespread
area of several hectares.

NIOSH performed an extensive in-
dustrial hygiene survey of the Aero-
vox facility in March 1977 when PCBs
were still being used in the manufac-
ture of capacitors. As part of this sur-
vey both “personal” and “area’ air
samples were collected throughout the
facility and analyzed for PCB content.
Results indicated that the 29 personal
and 25 area air samples that had been
collected and analyzed for PCBs
ranged from 0.17 to 1.26 mg/m?. At-

mospheric sampling has begun only
recently.

Cornell-Dubilier Electronics Cor-
poration (Figure 1) is also engaged in
the manufacture and sale of capacitors
for use in consumer products. Cor-
nell-Dubilier is a wholly owned sub-
sidiary of Federal Pacific Electric
which is, in turn, wholly owned by
Reliance Electronics, itself a wholly
owned subsidiary of Exxon. Located
across New Bedford from Aerovox,
Cornell-Dubilier manufactured PCB-
impregnated capacitors from 1941 to
1977.

Most of the capacitators manufac-
tured prior to mid-1977 contained
PCBs. A relatively small number,
however, were produced using mineral
oil and no PCBs. Aroclor 1016 was in
use from 1971 to 1977; Aroclor 1242
was used prior to 1971. From 1971 to
1975, Cornell-Dubilier used over 1.4
million kg of Aroclor 1016 and ap-
proximately 10000 kg of Aroclor
1254. PCB-containing capacitors are
no longer manufactured.

Industrial wastewaters are dis-
charged to the municipal wastewater
treatment plant via sanitary sewers. A
direct discharge of process water via a
city storm sewer is received by the
Acushnet River estuary. Cornell-
Dubilier’s direct discharge permit,
NPDES No. MA0003930, allows
limited discharges of PCBs to Buz-
zards Bay. Monitoring conducted by
the corporation and by the Massa-
chusetts Division of Water Pollution
Control (DWPC) reveals that less than
250 g/y of PCBs are discharged in this
manner. Although EPA sampling in

TABLE 2
PCB concentrations in New Bedford area finfish (1978-80)
PCB concentration (mg/L wet
weight, edible portion)
) Number
Species Mean Median Range . Sampled

American eel 131 24 11-730 32

- Cunner 38 e 20-57 2
Summer flounder 9.3 74 0.2-22 10
Windowpane 8.8 55 3.1-143 30
Winter flounder 6.4 6.8 0-22 44
Silver hake 35 — 0.7-6.4 2
Scup 21 2.3 0-11.4 50
Bluefish 2.1 0.3 0.2-18.5 11
Tautog 17 0.9 0.1-11.0 17
Striped bass 1.2 0.9 0.1-3.0 8
Fourspot flounder 0.8 — — 1
Butterfish 0.5 0.5 <0.1-0.9 4
Black sea bass 0.4 — — 1
Dogfish 0.2 — — 1
Red hake <0.1 — - 1

1976 found up to 110 ppb PCBs in this
discharge, the PCB concentration is
1510w t%cnerally maintained at or below

Cornell-Dubilier’s discharge to the
municipal sewer system has proven
somewhat difficult to monitor. The
presence of combined sewer overflows
in the municipal collection system al-
lows seawater to enter during high tide,
confusing sampling efforts. Nonethe-
less, EPA sampling in 1976 located one
discharge containing up to 2900 ppb
PCBs. Three grab samples taken by
the Commonwealth of Massachusetts
in 1981 indicate that the wastewater in
the municipal sewer line downstream
of the factory contained as much as
118 ppb. Sediments removed from the
city of New Bedford sewer at this lo-
cation were recently found to contain
660 ppm PCBs.

Soils collected from the factory
grounds during a June 1981 EPA in-
spection contained from 4400 to
99 000 ppm. A playground area im-
mediately west of Cornell-Dubilier was
filled with dredge spoils during the
construction of a nearby hurricane
barrier in the mid-1960s. Sediment
samples taken by the state in 1981 re-
vealed that the soils contain PCBs at
concentrations consistently below 5
ppm, and the playground has remained
open. September 1978 air monitoring
conducted at several sites in New
Bedford showed atmospheric PCB
levels in the vicinity of Cornell-Du-
bilier to be 767-862 ng/m3.

Sewage treatment plant

Located at the southern terminus of
Clark’s Point, the New Bedford
wastewater treatment plant (Figure 1)
discharges a daily average of 108 L
(26.5 million gal) of primary treated
wastewater to Buzzards Bay. Influent
and effluent PCB concentrations are
typically in the range of 1-6 ppb, and
no decrease in PCB level is evident
following treatment. Recent monitor-
ing by the city’s consultant and the
Commonwealth of Massachusetts re-
veals that the facility releases from 90
to 300 kg/y of PCBs.

Wastewater entering the facility
passes through coarse screens to re-
move bottles, cans, sticks, and rags.
These screenings are raked, collected,
and transported to the municipal
landfill for disposal. The wastewater
next flows through a grit chamber
where gravel and coarse sand are re-
moved. This grit is also trucked to the
city landfill for disposal. Following
this, the wastewater is pumped to
sedimentation tanks where settling of
the heavier solids occurs. The liquid
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effluent from these tanks is chlorinated
and discharged to Buzzards Bay via a
1000-m-long outfall pipe.

The sludge that settles to the bottom
of these basins is thickened and
pumped to centrifuges for dewatering.
The dewatered sludge is incinerated on
the premises in a multiple-hearth in-
cinerator, and the residual ash is taken
to the municipal landfill where it is
dumped with the screenings and grit.

Even though the reduction of PCBs
in the wastewater as it passes through
the treatment facility is too small to be
accurately quantified, wastewater re-
siduals have been found to contain el-
evated levels of PCBs. During the past
two years of sampling, the concentra-
tion in the sludge has generally fluc-
tuated between 0.5 and 20 ppm. Levels
in ash, however, are typically less than
0.1 ppm.

In 1977, EPA contracted with an
environmental consultant to study the
atmospheric release of PCBs during
sludge incineration. The consultant
concluded that approximately 50% of
the PCBs fed into the New Bedford
incinerator were destroyed during
combustion. Other EPA sampling ef-
forts found atmospheric PCB levels in
the area of the incinerator to range
from 13 to 240 ng/m? during March
1977 and January 1978.

Although the level of contamination
is generally below EPA hazardous
waste criteria, wastewater, sludges,
and other residuals contain PCB levels
much higher than those encountered
at most municipal treatment facilities.
For example, a 1974 survey of 33 Ca-
nadian wastewater treatment plant
effluents revealed values typically in
the range of a 0.1-ppb detection limit.
Local, state, and federal entities are
presently allocating funds to design
and implement changes to improve the
New Bedford treatment facility.

The wastewater collection system
contains approximately 30 combined
sewer overflows, and these overflows
may, during periods of wet weather,
release PCB-contaminated wastewa-
ters. Monitoring of these sewer over-
flows for PCBs in future studies will
lead to a better understanding of this
situation. An evaluation of industrial
discharges and the level of industrial
pretreatment needed to protect the
municipal facilitics and the waters of
Buzzards Bay will also be undertaken
in the near future by the city’s con-
sultant.

New Bedford landfill

The New Bedford municipal landfill
has been used as a repository for do-
mestic, commercial, and industrial
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wastes since the early 1920s. The
landfill includes 16 ha of marshland,
10 of which (as of 1978) were filled
with refuse and cover material. The
geology of the area consists of a layer
of freshwater peat varying from 2 to
3 m thick, underlain by a thin layer of
silty fine sand. Under this are layers of
stratified silts and clayey silts with thin
layers of silty clay. These sand and silt
layers vary from 2 to 11 m in depth.

Originally operated as an open
dump, the site is now maintained as a
sanitary landfill in accordance with
state and federal requirements. For
decades, reject capacitors and other
PCB-contaminated wastes, including
sludges, ash, and grit from the scwage
treatment plant, were disposed of at
this site; over 200 000 kg of PCBs have
been deposited in the municipal land-
fill. Before 1972, Aroclor 1242 was the
predominant PCB material disposed.
From 1972 to 1978, Aroclor 1016 re-
placed Aroclor 1242 as the PCB most
commonly used in the local production
of capacitors, and presumably in the
waste products disposed of at the
landfill.

Monitoring for PCBs has not re-
vealed the presence of any significant
groundwater contamination problems
in the area of the landfill. The release
of PCBs to the atmosphere may,
however, be significant. Data compiled
by EPA in 1978 revealed that the
summertime atmospheric level of
PCBs exceeded the NIOSH recom-
mended workplace exposure limit of
1 ug,/m3. No atmospheric monitoring
has been conducted since 1978; air
sampling of the area will be conducted
in the near future. Lately there has
been some concern over the placement
of monitoring wells at the landfill, and
the results of the 1978 groundwater
leachate study are now being reas-
sessed.

Widespread contamination

In addition to the direct discharges
of PCB-containing wastewaters from
the municipal wastewater treatment
facility and by the capacitor manu-
facturers, other as yet unidentified
discharges of PCB-contaminated
fluids may be entering New Bedford
Harbor and Buzzards Bay. Numerous
combined sewer overflows and storm
sewer outfalls discharge into the estu-
ary. Itis very likely that during storms
PCBs are discharged from those sewer
overflows immediately downstream
from the capacitor manufacturers.
Other combined sewer overflows may
contribute to the PCB contamination;
however, no information has been
gathered on PCB levels in any storm or

combined sewer discharges.

Urban storm drains in the com-
munities of New Bedford, Acushnet,
and Fairhaven may carry measurable
levels of PCBs into the harbor. The
source of PCBs, if present, could be
atmospheric fallout or residual PCBs
remaining on the roadways from what
is believed to have been a common
practice in the past—the oiling of
municipal streets with PCB-contami-
nated waste oils. Urban runoff from
industrial propertics may contain
PCBs as may runoff from railroad
sidings where PCBs were transferred
from rail cars to tank trucks for deliv-
ery to the factorics.

A site in northern New Bedford
known as Sullivan’s Ledge may con-
tain large quantitics of PCBs. Origi-
nally Sullivan’s Ledge was operated as
a quarry. Later, after it filled with
water, it became a popular neighbor-
hood swimming hole.

Today, this approximately S-ha site
is completely filled to a nearly level
grade. Rubble, brush, and other de-
molition materials are cvident. A
brook flows along the southern and
castern boundarics of the property,
through a municipal golf course and
into the Appongansett Swamp in the
vicinity of the New Bedford municipal
landfill.

Although it is not presently used as
a dumpsite, in years past the city of
New Bedford used Sullivan’s Ledge as
an industrial dump. Rubber tires were
the primary waste product disposed of,
but industrial waste oils, sludges, and
other materials were also disposed of
there. According to landfill operators
and one local official, PCBs were de-
posited at the site. Random piles of
clectronic capacitors are evident at
various locations at Sullivan’s Ledge
today. The quantity of PCBs disposed
of is unknown but may be substantial.
EPA has identified this arca as a Su-
perfund site and is currently exploring
the extent of contamination.

Only two PCB samples have been
collected at Sullivan’s Ledge. No de-
tectable level of PCB was identified in
the onc water sample obtained from
the brook adjoining the property in
1978. A grab sample of the sediment
underlying this brook was found to
contain 0.288 ppm PCBs. No air
monitoring has been conducted to
date; however, EPA plans to establish
an atmospheric sampling station at
Sullivan’s Ledge in the near future.

In the mid-1970s, a report docu-
menting the historical solid waste
disposal practices in New Bedford,
Acushnet, Fairhaven, and Dartmouth
was prepared. In addition to the New



Bedford municipal landfill and Sulli-
van's Ledge, several sites were dis-
cussed. Any number of these locales
may contain PCBs. Although there
exists no evidence to support the belief
that area scrap dealers may have in-
advertently contaminated their prop-
erties by accepting PCB-containing
materials for metal recycling, this sit-
uation was found to exist in the upper
Hudson River Valley. Thus, arcas
adjacent to the capacitor manufac-
turers that received fill while these
companies were using PCBs should be
considered contaminated until shown
otherwise. Sediments dredged from
New Bedford Harbor anytime during
the past 30-40 yecars possibly con-
tained PCBs.

Pollution abatement

Before concluding this report on
PCB contamination in New Bedford,
itis appropriate to list those abatement
procedures that have been imple-
mented. By 1972 both Acrovox and
Cornell-Dubilier ceased using Aroclor
1242 and substituted Aroclor 1016,
which was considered much less
harmful environmentally. Whether
Aroclor 1016 is more or less hazardous
is now a matter of scientific debate, but
at the time of its introduction, the
lower percentage of chlorine in 1016
was believed to render it relatively in-
nocuous. In 1978, all use of PCBs at
the New Bedford capacitor manufac-
turing facilities ceased.

Early in 1982, both capacitor man-
ufacturers rcached agreements with
EPA and the Massachusetts DEQE in
which the companies accepted the final
obligation of implementing limited
cleanup measures. The corporations
have cleaned and replaced contami-
nated sewer pipes, installed monitoring
wells, and applicd asphaltic coverings
over all exposed soils on their proper-
ties. In addition, cleanup efforts, such
as sediment removal and containment,
have been performed.

New Bedford’s wastewater treat-
ment plant is currently operating well
below its design efficiency. Suspended
solids and biochemical oxygen demand
(BODs) removal efficiencies often
approach zero, and NPDES discharge
permit levels are exceeded on a daily
basis. City administrators applied for
a waiver of the secondary wastewater
treatment requirement in accordance
with Section 301(h) of the Clean
Water Act. The application was made
in 1978 and denied by EPA in 1982.
The city must now embark on the
construction of a secondary, or bio-
logical, wastewater treatment facility
to supplement the existing primary

treatment plant.

The fate of the extensive harbor
contamination is unknown. A state-
funded study prepared in 1981 con-
cluded that 90% of the PCBs could be
dredged from the harbor at a cost of
$140 million. New findings regarding
the extent of the harbor contamination
will undoubtedly surface as EPA’s
Superfund study progresses, and these
findings will, in all probability, change
this figure.
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tures timers, pipettors, balances, cells,
and other items pertinent to all facets
of laboratory operation. Lux Scientific
Instrument 154

Uranium analysis. Application Note
48 tells how to determine uranium as
UO,2*. The key is ion chromatogra-
phy. Applications can be in mining,
wastewater analysis, and nuclear
power. Dionex 155

Air sampling. Brochure, “Air Sam-
pling Equipment & Supplics,” lists the
firm's product line with emphasis on
the detection of toxic substances in
ambient air. Gilian Instrument 156

FGD system upgrading. Environmental
improvement folder has brochures
explaining how to upgrade the per-
formance of flue gas desulfurization
(FGD) systems and clectrostatic pre-
cipitators and how to reduce operating
costs. Babcock & Wilcox 157

Breathing apparatus. Mark 2 SCBA
information brochure describes self-
contained breathing apparatus, which
provides respiratory protection in
hazardous environments. Survivair
158

CO monitor. Brochure describes car-
bon monoxide monitor, Model 8000,

for monitoring this pollutant in situ.
Ranges can be 0-400, 0-1000, or
0-2000 ppm CO, with 1% repeatabil-
ity and 3% or £20 ppm accuracy.
L.and Combustion 159

Groundwater protection. Brochure
cxplains practical approaches to
groundwater protection, such as slurry
walls, soil stabilization, and hazardous
waste control, and describes the com-
pany’s scrvices in that field. More-
trench American 160

Environmental consulting. Brochure
lists services of this analytical and
consulting firm, stressing the “total
program” approach to problems and
issues and the company’s 13 years of
experience. Controls for Environ-
mental Pollution 161

Acid stream neutralization. Brochure
explains why magnesium hydroxide
has advantages over lime, soda ash,
and sodium hydroxide for acid waste
stream neutralization. Dow Chemical
US.A. 162

Groundwater contaminant removal.
Brochure tells how to remove volatile
organic compounds such as vinyl
chloride, trichlorocthylene, and tet-
rachlorocthylene, from groundwater.
Two methods are compared. Hydro
Group 163

Air filters. Brochure 12-103 discusses
the use of the High-Capacity Absolute
2000 product line, which has guaran-
teed cfficiency levels of 99.97-99.99%,
is leak-free, and is designed to run at
2000 cfm. Cambridge Filter 164

Environmental equipment. Brochure
describes lines of environmental
equipment such as that for wastewater
handling, coal preparation, oil-water
scparation, and mineral processing.
WEMCO 165

Companies interested in a listing in this
department should send their releases
directly to Environmental Science &
Technology, Attn: Literature, 1155
16th St., N.W., Washington, D.C.
20036

The reasons are simple. Dionex lon
Chromatography provides selective,
accurate analysis of anions such as
chloride, phosphate, nitrate and sulfate,
from ppb to high ppm concentrations.
And it does it in as little as 10 minutes,
with minimal or no sample preparation.

For precisely these same reasons,
Dionex systems are also used in over
150 power plant facilities to monitor
anions, cations, and organic acids in
process steam
and plant feed-
water in order to
prevent stress
cracking, corro-
sion and equip-
ment failure.

Find out
more. Circle the
reader service
number and
we'll send you
our application
notes, Determi-
nation of Anions
in Acid Rain and —
lon Chromatog-
raphy_in Energy
and Power
Production.

For faster
response, call
or write Dionex
Corporation,
1228 Titan Way,
Sunnyvale, CA 94086.
(408) 737-0700.

Minutes

ANIONS IN ACID RAIN

*Environmental Protection Agency
document number EPA 600/4-82-042
A&B

CIRCLE 5 ON READER SERVICE CARD
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Water purifier

Stainless steel germicidal unit uses
ultraviolet light to purify water. It is
designed to withstand pressure and
flow of more than 100 gal/min.
ULTRA-HYD 101

Disposable glove bag

Laminated models are suitable for
anacrobic studies. They are made of
Saranex, a tri-layer film of polyethyl-
enc and Saran. The material has one
one-hundredth the permeability to O,
and one-fifticth the permeability to
H>O vapor exhibited by plain poly-
cthylene, but it is not as transparent as
standard polyethylene film. I’R 102

Peristaltic pump

High-capacity unit has heavy-duty
construction with a stainless steel en-
closure. The pump body is made from
high-strength polycarbonate. The
solid-state, 30-min percent timer, with
0-99% adjustment, permits volumes
from 12 to 100 gal/d with standard
hose. Optional hoses are available that
will allow pumping rates from 8.4 to
200 gal/d. Rola-Chem 103

Autoanalyzer accessories

A line of disposable accessories is
available for many automatic analyzer
systems. Included are sample cups,
precision-molded cuvettes, sampling
tips, and reagent boats. Sarstedt 104

Need more information about any
items? If so, just circle the appropriate
numbers on one of the reader service
cards bound into this issue and mail in
the card. No stamp is necessary.
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X-ray fluorescence analysis system

Integrated XRF system is designed for
a broad range of applications. It in-
cludes a multiple-sample chamber, a
built-in 256K memory analyzer, a
30-mm? X-ray detector, a 30-kV Rh
target X-ray tube, dual 5'-in. floppy
disks, a control/display terminal, a
detachable keyboard, and complete
XRF software based on a CP/M-86
operating system. Tracor Xray 105

Micropipetting dispenser

Multisample system includes two glass
syringe barrels that give the unit a
range of 0 to 2.0 mL with £1% accu-
racy. It dispenses from a remote-dis-
pensing check valve, and adjustable,
positive, micrometric plunger stops
permit calibration with high repro-
ducibility. Sample has contact with
only glass, stainless steel, and latex.
ULTEC 106

Monitors for dust fall and SO,

Passive systems are available to mon-
itor both SO, and dust fall or cither of
these alone. Monitoring stations
comply with ASTM Methods D2010
(for SO,) and D1739 (for dust fall).
Lead peroxide candle absorbs SO, to
form lcad sulfate. This provides the
concentrations of SO, at different lo-
cations and times or notes major
changes in levels in a particular arca.
Andersen Samplers 107

Solvent delivery system

System has a flow range from
10 wLL/min to S mL/min, which makes
the instrument suitable for microbore
liquid chromatography (LC), fast LC,
and conventional HPLC. It is not
necessary to change pump heads or
clectronics to operate at microbore
flow rates. Accuracy of £0.1% of set-

ting is made possible by the pump’s
miniaturized check valve design and
quartz frequency-synchronized pump
drive. Kratos Analytical Instruments

108

Cylinder for gas blending

Unit provides a means of preparing a
variety of gas mixes from component
gas cylinders. Component concentra-
tions can range from parts per million
to pereent levels. A vernier scale allows
the user to read the 10 000-mL ca-
pacity of the cylinder directly in
10-mL increments. A pressurc gauge
with a center zero ensures all gases are
added at exact atmospheric pressure.
Tracor Atlas 109

Signal memory recorder

Instrument collects and analyzes
transient waveforms. The 2 16-chan-
nel unit is modularly expandable with
cach channcl having from 16 64K
words of nonmultiplexed memory.
Sampling may be done at 1, 2, or 10
MHz with resolution of 8, 10, or 12
bits available. SOLTEC 110

Disposable filter funnels

Presterilized analytical filter funnels
have recoverable membranes. The
47-mm units are made of cither poly-
propylene with a nylon filter or aque-
ous polystyrene with a ccllulose
membrane. The nylon recoverable
membranes have pore sizes, grid-white
0.45 pm or plain 0.2 um; the cellulose
membranes have pore sizes, grid-white
0.45 um and 0.7 um, and plain 0.2 um.
Micron Separations 111

Companies interested in a listing in this
department should send their releases
directly to Environmental Science &
Technology, Attn: Products, 1155
16th St., N.W., Washington, D.C.
20036
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. COMPLETE ENVIRONMENTAL SERVICES:
% Environmental impact assessments .
Siearns-Rog(!z sion, air quality & water quality monitoring . . . Dis

persion estimates .
Meteorological field studies & consulting services

Pollutant emis

. Ecological consulting
Contact

Clayton Environmental
Consultants, Inc.

® Emission and Ambient Air @ Industrial Hygiene Surveys

ENVIRONMENTAL SCIENCES DIVISION P. 0. Box 5888 « R e + GOS, HPLG, Py A
(303) 758-1122 Denver, Colorado 80217 Management and SEM/EDS
. ineering Design © Environmental Audits
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Department of Health Services is compiling a LS Southfield MI 48075 Edison, NJ  Edison, NJ
list of private companies and public agencies (313) 424-8860 Windsor, Ontario

which conduct air contaminant measure-
ments in nonindustrial indoor environments
(e.g. residences, offices, schools, public
buildings). If your laboratory routinely mea-
sures one or more indoor contaminants (e.g
asbestos, formaldehyde, organics, radon,
C0. NO;) and would like to be included in this
listing, please request further information
from: Dr. Ken Sexton, Indoor Air Quality Pro-
gram, Air & Industrial Hygiene Laboratory,
California Department of Health Services,
2151 Berkeley Way, Berkeley, CA 94704

Ground Water
Assoclates, Inc.
Consulting Geologists and Hydrologists

® Quantitative and qu-m-un ground
water evaluations
. Iron removal by VVREOOX process

PO Box
WEsIevaP Omo 43081 Cranford, New Jersey
614/882-3 Arlington, Massachusettes

« Environmental Impact Assessmenl
» Geotechnical and Envir
Engineering
« Meteorology and Air Quality Monitoring
« Water Pollution Control Engineering
« Modelling and Numerical Analyses
« Permitting and Licensing Consultation
« Solid and Hazardous Waste Management

San Francisco « Denver « Chicago
Cincinnati « Atlanta
Offices in Principal Cities
Throughout the World

A Technical Service of Marsh & McLennan

CONSULTING GROUND-WATER GEOLOGISTS
ROUX ASSOCIATES

* RCRA Monitoring

e Superfund Response

* Site Evaluation

* Aquifer Clean-Up

« Resource Development

50 NORTH NEW YORK AVENUE
PO BOX 266. HUNTINGTON. NEW YORK 11743 516 673-4921

Albany, New York 518/7838102

'-- DUNN GEOSCIENCE
=1

Harrisburg, Pennsylvania 717/761 6710
212/772.0651
716/884 1500

New York, New York
Buffalo, New York

GEOLOGIC AND HYDROLOGIC CONSULTANTS
e Ground Water As: nt & Supply
® Solid & Hazardous Wi Site Studies

The Professionals

ENTROPY =~

Environmentalists Inc

Leaders in Source Testing, Continuous Monitor
Certification, and Hazardous Waste Testing

PO Box 12291 Research Triangle Park. NC 27709
In NC 919-781-3550 Outside NC 1-800- ENTROPY

USE THE
CONSULTANTS’
DIRECTORY

RESEARCH

* Toxic Substances

® Hazardous Wastes

* Environmental Impact
Assessment

e Air & Water Quality

¢ Government Regulations

* Pesticides

Consulting and Research for
Government and Industry

Environmental Resource Center

301/384-7200

(MAIN |
— 1893 —

Complete Environmental
and Engineering Services

THE C.T. MAIN CORPORATION

OFFICES WORLDWIDE

CORPORATE HEADQUARTERS

PRUDENTIAL CENTER, BOSTON, MA 02199
617-262-3200

% Scott Enwronmental
Technology. Inc.

The Air Pollution Specialists
« Research and Consulting e
« Source Emissions Testing e
» Control Device Efficiency «
« Continuous Source Monitoring
* Ambient Monitoring
* Fuel Additive & Automotive Testing ®

Route 611, Plumsteadville, PA 18949
215 — 766-8861

2600 Cajon B|vd.,San Bemardino, CA 92411
— 887-2571

1290 Combevmere St.,

313 — 589

Trog M| 48084

ENVIRODYNE

ENGINEERS

a consulting engineering and sciences firm

e environmental engineering
analytical chemistry
prionty pollutant analyses
environmental momitoring and assessment
hazardous waste monitoring
hazardous waste management
 transportation engineering
® energy engineering
® construction management
12161 Lackiand Road
St Lowss, Missour: 63141
1314) 4346960

Baltimore / Chicago / Knoxville / New York

—

- pwirologic dam

HEALTH AND ENVIRONMENTAL
DATA-ANALYSIS AND RISK-ASSESSMENT
* PESTICIDES
 HAZARDOUS WASTES
« TOXIC SUBSTANCES IN

THE WORKPLACE, AIR,
WATER AND SOIL

SERVICE TO « Government « Industry «
« Consultants « Attorneys « Individuals

/0. BOX 1438 « PORTLA