Literature Review

Issue

Journal WPCF Vol. 48 No. 6




water

JUNE 1976

pollution control

Editor
Peter J. Piecuch

“Assoclate Editor
Pamela S. Ward

N Senior Assistant Editor
Samuel J. Hadeed |

Assistant Editor
Andrea S. Heid

Production Editor
Carolyn R. Segree

Editorial Assistants
Bill Rowland, Maureen V. Stotland

Advertising Manager
Philip A. Ridgely

Advertising Production
Barbara S. Hyder

Advertising Assistant

Diane Geitz
Published monthly and copyright © 1976
b!

y
WATER POLLUTION CONTROL FEDERATION

Executive and editorial offices at 2626 Pennsyivania
Ave. N.W., Washington, D.C. 20037 (202) 337-2500, to
which all correspondence should be sent. Known as
Sewage Works Journal until 1850, and Sewage &
Industrial Wastes until 1960. Second class postage paid
at Washington and additional entry points.

Subscription rates: WPCF bers—$6.67, incl
with WPCF membership ($20.00 per year plus member
assoclation dues or $25.00 for general members); non-
members $35.00 per year in U.S., $40.00 elsewhere.
Single issues in current volume $5.00 in U.S., $5.50 eise-
where, except $11.50 for March Part Il and June. Single
issue prices include postage and handling. Write for
information on back issues. Orders under $10.00 must
be prepaid.

Send change of address (5 weeks advance notice)
and claims for missing issues to Manager of Member-
ship and Subscriptions. No claims allowed for (1)
insufficient notice of address change; (2) issues lost in
mail unless claim filed within 60 days of publicatien-er
(3) such reasons as ‘‘missing from files."

Library of Congress card catalogue No. 42419852
indexed by Applied Science & Technology Indgx and
Engineering Index. Microfilm copies available to fegular
subscribers from University Microfilms, Ann Arbor,
Mich. Bulk reprinting of articles prohibited; perrhission
required for single copy reproduction.

The Water Pollution Control Federation assumes.na-

responsibility for opinions or statements of fafts pxa
pressed by contributors, and editorials do notinel s
sarily represent official policy of the organization.
POSTMASTER: Send change of address forms| to
WPCF, 2626 Penna. Ave. N.W., Washington, D.C. 20037.

Vol. 48, No. 6

Editorial
The Literature Review, as readers see it

Nature and analysis of chemical species
Inorganics: M. S. Shuman, W. W.: Fogleman
Water characteristics: M. M. Ghosh, J. A. Olofsson
Organics: E. S. K. Chlan, F. B. DeWalle

Continuous monitoring, automated analysis and
sampling procedures: P. L. Brezonlk, N. E. Carriker

Wastewater treatment

Physical and chemical methods: A. B. Scaramelll,
F. A. DiGlano

Blological filters: R. L. Bunch

Activated sludge: E. D. Schroeder

Lagoons and oxidation ponds: W. J. O'Brien
Detergents: S. K. Baneriji

Anaerobic processes: S. Ghosh, J. R. Conrad, M.
Packer, E. Van Ryzin

Sludge treatment, utilization, and disposal: R. |. Dick
Disinfection: A. W. Hoadley, J. Gould
Wastewater collection: T. Singh, J. S. Bhutani

Water reclamation and reuse: J. N. English, T. M.
Mitchell

General principles, economics, and conferences:
T. J. Tafflemire

Urban runoff and combined sewer overflow: R. Field

Instrumentation and automation of wastewater col-
lection and treatment systems: R. H. Wise, J. F.
Roesler, |. J. Kugelman :

Industrial wastes

Meat, fish and poultry processing wastes: J. H.
Litchfield

Fruit, vegetable, and grain processing wastes: J. L.
Graham, BR._.M. Saderquist

Fermentation hldlﬂgr—wnr, armaceuticals,
com: J. E. Germain, W, L. Stover, E?A. Morrell

“Eapor and allied products: G. W. Gove, . Gellman

grictiilral wistes: W. J. Jewell, D. J. Smith
Tgmpry waste management: J. D. Eye
‘Wtile whstes: R, S. Talbot

Coal--and--coal- mine drainage: J. F. Boyer, V. E.
Gleason

Steel Industry wastes: D. W. Smith
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Meetings

WPCF Member Associations *

Michigan: June 13-16, Boyne Mountaln Boyne
Falls.

New York: June 13-16, Nlagara Hilton, Nlagara
Falls.

Ohio: June 16-18, Columbue Sheraton, Celumbus.
Puerto Rico: July 24-25, Dorado Beach, San Juan.
Pennsylvania: Audust 4-6, Pa. ‘State Universl’ty_.

Alabarha: August 3-September_. 1, Auburn Univer-
sity, Auburn.

Georgia: September 12—15 Hollday Inn, Jeky||
Island.

Kentucky-Termessu September 12-15, Read
House, Chattanooga, Tenn.

Rocky Mountain: September 12—15 The 'Mark-
Llonsquare; Vail, Colo.

South Dakota: September 14—16 Holiday - Inn,
Rapld City.

Alaska: September 16-17, Mt. McKinIey Park,
Falrbanks.

North Dakota: October 13-15, Ramada Inn, Minot.
Florida: October 24-27, Holiday Inn, Tampa.

Oklahoma: October 26-29, Lincoin Plaza, Okla-
homa City.

Nebraska: October 27-29, VI|Ia Inn, Norfolk.

Pacific Northwest: Octog[_ﬂ-ao Olympia Hotel,
Seattle, Wash.

South Carolina:
Columbia.

Indiana: November 8—10 Stouffers Inn, Indian-
apolls. -

North Carolina: November 14-17, Great Smokies
Hilton, Ashville.

November 4-5, Carqllna Inn,

* See the two preceding left-hand pages for full names and
addresses.

Other Meetings

June 23-25

The Canadian Water Resources ‘Assoclation wihl
hold its 28th annual conference at the Constel-
lation Hotel, Toronto, Ont. The theme of this
year's conference Is A Focus on the Great Lakes.
For additional details, contact Canadian Water
Resources Association, 986 Grain Exchange
Bldg., 167 Lombard Ave., Winnipeg, Man. R3B
OV3, Can.

July 14-16

“'Blue-Green Algal Ecology and Management"

will be the subject of a 3-day intensive shert
course that will be given at the Unlversity of Cali-
fornia, Berkeley, under the joint sponsorship of
the College of Engineering and Continuing Edu-
cation in Engineering. . The course Is designed
for water managers, government agency person-
nel, biologists, environmentalists, and others con- .

cerned with finding long-term solutions to the

problems posed by aquatic blue-green algae.

- The course will be divided into three sectlons:

factors controlling seasonal and daily cycles of
planktonic freshwater blue-green algae; the con-
trol and practical uses of blue-green algae; and
ecology and management of blue-green algae in
restricted environments. The course registration
fee is $150; advance enrollment is necessary.
For a descriptive brochure and a registration
form, contact Continuing Education In Engineer-
ing, University of California Extension, 2223 Ful-
ton St., Berkeley, Callf. 94720; (415) 642-4151.

July 19-23

The University of Wisconsin-Extension, Madison,
will present an engineering short course, Water
Distribution Plant Design, at the Wisconsin Cen-
ter. The purpose of the week-long course is to
provide in-depth training for engineers involved
in water distribution system design and perform-
ance. The course should also be of Interest to

(Continued on page 336a)

49th ANNUAL CONFERENCE
r Water Pollution ControI'Federatfon

Minneapolis Convention Center
Minneapolis, Minnesota, October 3-8, 1976
Il Host—Central States Water Pollution Control Association

[3
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Meetings

. _ (Continued from page 334a)

englineers working In Industries In which the de-
sign and performance of pipe flow networks are
major concerns. The course fee Is $350. Con-
tact John T. Quigley, Program Director, Dept. of
Engineering, University of Wisconsin-Extension,
432 N. Lake St., Madison, Wis. 53706; (608) 262-
2084.

July 26-29

The third National Symposium on Urban Hydrol-
ogy, Hydraullcs, and Sediment Control will take
place at the University of Kentucky, Lexington.
Toplcs to be discussed Include quantifying rain-
fall, runoff, and/or sediment production in urban
areas; economic and legal problems assoclated
with runoff and sediment control; techniques for
managing ' urban runoff and/or sediment; and

- case studies of Innovative systems for controlling

urban runoff and sediment. Address all inquiries
to B. J. Barfleld, Agricuitural Engineering Dept.,
University of Kentucky, Lexington, Ky. 40506;
(608) 257-1383.

August 1-6

The Engineering Foundation of the United Engi-
neering Trustees, Inc., will sponsor the 10th con-
ference on Particie Sclence and Engineering In
the Process industries at Frankiin Plerce College,
Rindge, N. H. The conference, previously called
Particulate Matter Systems, is designed for min-
eral engineers, chemical engineers, and others in-
terested In the characterization and treatment
of particles. The six conference sessions will
deal with the following topics: Characterization
of Particles, Rheology of Particle Suspensions,
Process Modeling of Particle Systems, Hetero-
geneous Reactor Systems, Solids-Fluids Separa-
tion, and Solids-Solids Separation. Attendance

will be limited to 100 participants. The confer-."

ence fee Is $195, which covers registration,
double occupancy accommodations, and meals.
Additional Information and registration materials
are avallable from the Engineering Foundation
Conferences, United Engineering Center, 345 E.
47 St., New YorkaN. Y. 10017; (212) 644-7835.

August 23-28

The 1976 International Advanced Course and
Workshop, Thermal Effluent Disposal from Power
Generation, will be held in Dubrovnik, Yugo-
slavia. The faculty will Include lecturers from
several renowned International institutions.
Topics to be considered are waste heat manage-
ment and blological effects, heat exchange at
the water surface, physical concepts and models
of turbulence and stratified flows, and several
others dealing with analytical techniques. For
additional Information, contact either Z. Zarié,
International Centre for Heat and Mass Transfer,
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Box 522, 11000 Belgrade, Yugoslavia; or Kelth
D. Stolzénbach, Ralph M. Parsons Laboratory for
Water Resources and Hydrodynamics, Dept. of
Civil Engineering, Bldg. 48, Massachusetts Insti-
tute of Technology, Cambridge, Mass. 02139.

September 1-3 ,

The 1976 Wood Chemistry m will be
held at Mont Gabriel, P. Q., Can., under, the joint

- sponsorship ‘of the Technical Section of the

Canadian Pulp and Paper Assoclation and the
Chemical Institute of Canada. The symposium
program will emphasize new developments In the

- chemistry of puiping and bleaching, chemical

aspects of pollution control and the environment,
the Influence of chemical modifications on fiber
properties, new developments In the structure
and use of cellulose and lignin, and other aspects
of the latest technological advances In wood
chemistry. Additional - information may be ob-
talned from David H. Paterson, Manager, Tech-
nical Sectlon, Canadian Pulp and Paper Assocla-
tion, 2300 Sun Life Bidg., Montreal, P. Q. H3B
2X9, Can.

September 7-10

A joint meeting of the U. S. Water Resources
Council and the Interstate Conference on Water
Problems will be held at the Buena Vista Hotel,
Biloxi, Miss. The meeting will be attended by
many federal, state, local, regional, Congressional,
and private Iinterest group officials and membérs
interested in water and land resources planning
and management. Contact Jim Fish, Assistant
Secretary-Treasurar, Interstate Conference on
Water Problems, c/o F. Robert Edman and As-
soclates, W-3173 First National Bank Bldg., St.
Paul, Minn. 55101; (612) 224-5705.

‘Call for Papers

The International Conference on Advanced Treat-
ment and Reclamation of Wastewater will take
place in Johannesburg, S. Africa, on June 13-
17, 1977. The meeting will be sponsored by the
International Association on Water Pollution Re-
search. Papers are being solicited In the follow-
ing areas: Basic Studies (physical, chemical,
and blological processes; mass transfer studles;
integrated systems; and quality aspects); Tech-
nology (case studies, design, operation and
training, control, and costs); and Socloeconomic
and Environmental Aspects (public acceptance,
reglonal water management, systems analysis,
legisiation, and pollution control). Authors wish-
ing to present papers should submit 1-page ab-
stracts in English before September 30, 1976. To
obtain additional details and submit abstracts,
write to the Technical Secretary, Reclamation
Conference, National Institute for Water Research,
Box 395, Pretoria 0001, Republic of S. Africa.

.



o~
'

Recent Books

By the Magic of Chemistry: Pipelines for
Progress. Morris M. Cohn, Certain-
teed Products Corp., Pipe & Plastics
Group, Valley Forge, Pa. (1975), 241

"I)'gls book gives new and revealing in-
sights into the contributions of chemistry
to man's progress. It traces the history
of plastic. and its unique role as a man-
made commodity and gives information
on the formulation, manufacture, and
use of plastic sewer pipe.

Economic Analysis of interim Final Ef-
fluent Guidelines for the Organic
Chemicals (Phase li). U.S.
Environmental Protection Agency, Of-
fice of Planning and Evaluation, Wash-
ington, D. C. 20460 (1975), 309 pp.
The purpose of the study is to analyze

the economic _impact that could resuit

from the application of alternative ef-.

fluent limitation guidelines and stan-

dards of performance to be established

under sections 304(b) and 306 of PL 92-
500.

Alaska Natural Gas Transportation Sys-
fems: Draft Environmental impact
Statement. Vols. I-lll, U.S. Federal
Power Commission, Washington, D.C.
20426 (1975).

The draft discusse8 the effects on
man, wildlife, vegetation, soil, water and

air quality, and noise levels arising from -

bringing gas from.the Prudhoe Bay Field
in Alaska and from the MacKenzie Delta
region of Canada to the lower 48 states.

Proeoodlngs of the First International
Symposium on Ozone for Water and
Wastewater Treatment. The Interna-
tional Ozone Institute, 24 Central Ave.,
Waterbury, Conn. 06702 (1975), 910
pp., $40.00.

Technical information, graphics, ana-
lytical data, and discussions cover ozone
chemistry, generating/contacting equip-
ment developments, monitoring/analy-

sis, engineering aspects, and applica-
tions.
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Energy, Agriculture and Waste Manage-
ment. William J. Jewell [Ed.], Ann
Arbor Science Publishers Inc., Box
1425, Ann Arbor, Mich. 48108 (1975), -
540 pp., $22.50.

This volume contains the proceedings
of the 1975 Cornell Agricultural Waste
Management Conference. Three topics
are discussed in detail: energy con-
sumed in food production, technology
and energy costs of pollution control,
and potential for producing .energy from
agricultural wastes.

introduction to Ocean Engineering. Hil-
bert Schenck, Jr. [Ed.], McGraw-Hill
Book Co., 1221 Ave. of the Americas,
New York, N. Y. 10020 (1975), 351 pp.
This text is the first basic book.in the
field of ocean engineering. Written by
nine experts in the field, the book covers
the integration of oceanographic theory,
especially in the chapters on waves, soil
mechanics, underwater acoustics, and
water quality. A special feature of this
text is its inclusion of over 150 problems.

Agricultural Waste Management: Prob-
lems, Processes, and Approaches.
Raymond C. Loehr, Academic Press,
Inc., 111 Fifth Ave., New -York, N. Y.
10003 (1974), 576 pp.

This book places agricultural waste
management in its proper perspective,
underscoring the magnitude of the prob-
lem and developing workable strategies
for agricultural waste management from
the basic principles of sanitary engineer-
ing, soil science, agricultural engineer-
ing, agricultural economics, poultry and
animal sciences, and food and crop sci-
ences.

Stevens Water Resources Data Book,
2nd Ed., Leupold & Stevens, Inc., Box
688, Beaverton, Ore. 97005 (1975), 188
pp., $4.00.

This edition replaces the Stevens Hy-
drographic Data Book, which was last

issued in 1970.

(Continued on page 347a)



“Ourwide experience in
dewatering many
different municipal and
industrial sludges with
Sharples centrifuges has
taught us these important
facts:

About chamlcals

Usuaity the most expensive segment of
the. sludge dewatering operation.
Inefﬂcient centrifugation can result in an
excessive_part of your sludge dewatering
dollar being tied up in polymers. We
design our centrifuges to do most of the
work. So a cake dry -enough for
economical disposal can be produced
with minimal additions of chemicals or -
without-.chemicals:

Aboat dl:posal.

‘Large cost item in the dewatenng
operation. The wetter the cake, the more
wheels you.need for trucking ta landfill.
Or the more fuel you need to incinerate it.
Sharples centrifuges produce a drier
cake. This keeps the cost of disposal at a
minimum.

An important, but small portion of your
sludge dewatering costs. We match
horsepower to the requirement. No .
shortcuts or overdesign:

About maintenance/ supervision.

The exact cost can only be determined

* after the centrifuge has been in operation.
We know that unnecessary downtime is a
result of an underdesigned centrifuge.
Our centrifuges feature rugged
construction and no-compromise desagn—
including stainless steel and the best hard
surfacing available.

Before you firm-up your specs, let us help you determine
the true cost of operation as outlined above. With input
from our data base developed at one of our many

wastewater centrifuge installations. Or by on-site tests.

Your Sharples man can arrange either one. Contact him.

Atlanta GA Cleveland OH
404-252-7942 216-333-4282
So. San Francisco CA ‘Houston TX ';
415-589-8264 713-781-5416
Canada New York NY
416-252-5441 914-428-0900
Chicago IL Philadelphia PA
312-325-6120 215-649-6700

Sharples-Stokes Division
Pennwalt Corporation, 955 Mearns Road
Warminster, Pa. 18974 - 215-672-7700

Recent Books - . ~
(.Co_nfin_ued frbm_ page 344a)

Federalism and Clean Waters: The 1972
Water Pollution Control Act. Harvey
Lieber, Lexington Books, D. C. Heath -
and Co., Lexnngton Mass. (1975), 288
PP.

This volume traces the legislative his-
tory of the 1972 Water Pollution Control
Act Amendments, their initial implemen-
tation by the Environmental Protection
Agency, and the changing responsibili-
ties of state water pollution control pro-
grams. Case histories of five states are
presented.

Water Treatment: Industrial and Munici-
pal. D. C. Brandvold, Vantage Press,
Inc., 516 W.-34th St., New York, N. Y.
10001 (1975), 120 pp., $7.95. -

This book is a practical -manual con-
cerning municipal and industrial water
treatment intended to inform water plant
personnel about a wide variety of tech-
nical systems, problems, and remedies
related to water treatment.

Science & Engineering for Pollution-
Free Systems. David Krofchak and J.
Neil Stone, Ann Arbor Science Pub-
lishers Inc., Box 1425, Ann Arbor,
Mich. 48106 (1975), 332 pp., $16.95.
The authors propose that the efficient

approach to fighting pollution is to “de-

sign the problems out, either directly or
by recycling.” By using case studies
as illustrations, the authors' show how

‘costly abatement programs may some-

times be replaced by process improve-
ments. _
i .
Environmental Phosphorus Handbook.
Edward J. Griffith et al. [Eds.], Wiley-
Interscience, 605 Third Ave., New
York, N. Y. 10016 (1973), 718 pp.
This handbook has been compiled by
four experts, each of whom .selected
papers pertaining to his or her special
area. The book covers a wide range of
topics, including the geochemistry of

(Continued on page 364a)
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New equipment and literature

Glassware. A 16-page catalog supple-
ment that pictures and prices over 250
items of Pyrex laboratory glassware is
now available. Several assortments of
labware are featured at special prices.
Case prices for larger users are in-
cluded. Items covered include beakers,
bottles, disposable glass, flasks, gradu-
ated cylinders, jars, microscope slides,
pipets, and tubes. All glassware is
cross-referenced both by Corning and
Markson numbers. Markson Science,
inc., Box 767, Del Mar, Calif. 82014.

Data table. The F. P. Smith'Wire Cloth
Co. has a new fold-open data table for
designers, engineers, and purchasing
agents requiring -wire cloth, mesh,
screen, and filtering media. The table
shows, by openings per inch, 4 in. open-
ings (coarse) to 250 (fine) mesh, with
both the percentage of open area rela-
tionship and wire diameters. The F. P.
Smith Wire Cloth Co., 10114 Pacific Ave.,
Franklin Park, lil. 60131.

Scale remover. A new liquid scale re-
mover formulated for personnel safety
has been announced by Nalco Chemical
Co.’s process chemicals group. The
product is designed to remove hardness,
scale, rust, and other mineral deposits
with minimum hazard to personnel. The
new cleaner is Nalclean 8930; it allows
preparation of cleaning solutions from
the concentrated product and is non-
flammable. It protects bare metal and
contains a wetting agent to increase de-
posit penetration. Nalco Chemical Co.,
2901 Butterfield Rd., Oak Brook, Iil.
60521.

Brochure. A new 4-page brochure is
now available on conditioning sludge,
including raw wastewater, rags, paper,
chunks of wood, plastics, petrochemi-
cals, and chemical wastes. Drawings
and illustrations are included that show
how the various size Dynamic Sludge
Conditioners from 3 to 12 in. are used.
The brochure shows how the DSC makes

356a Journal WPCF

wastewater and sludge more free-flowing
without the need for an open pit in a
compact, low headroom, pressure-rated,
liquid-tight package. Frankiin Miiler,
inc., 235 Watchung Ave., West Orange,
N.J. 07052.

Bulletin. A new bulletin from Zimpro,
Inc., shows how the combination of
powdered activated carbon regeneration
by wet air oxidation and biophysical
wastewater reclamation can be adapted
to an existing sludge plant. The com-
bination is capable of producing a high
quality product water and can nitrify
and partially denitrify within a single-
stage system. The system can be in-
stalled without multistage construction.
Zimpro, Inc., Military Rd., Rothschild,
Wis. 54474.

Water quality analyzer. Martek Instru-
ments offers the Mark V Water Quality
Analyzer, which is a system for record-
ing multiparameter data—temperature,
conductivity, DO, and pH—in either
fresh or salt water. It features digital
readout, AC/DC operation, and internal
recharging unit, and is accurate to within
+ 1.0 percent. The recorder signal out-
put can be recorded on the Model EDP
Environmental Data Printer, which can
record, accumulate, and subsequently
process data through computers or
other external data processors. O. P.
Zabarsky, Martek Instruments, Inc., 879
W. 16th Sti, Newport Beach, Callf.
92663.

Sludge press. The MRP-36, an ad-
vanced design multiroll sludge press, is
now available from The Permutit Co. It
is a secondary dewatering device de-
signed to produce a concentrated sludge
ranging from 15 to 50 percent dry solids.
It can dewater both wastewater and in-
dustrial waste sludges and features a
stainless steel frame and corrosion-re-
sistant construction. The Permutit Co.,.
E49 Midiand Ave., Paramus, N.J. 07652.

(Continued on page 358a)



New equipment and literature

‘ Continued from page 356a)

Thermocouple alarm. Moore Industries,
nc., announces a dual trip version of
ts Model TCA Thermocouple Alarm Trip,
vhich will accept inputs from any stan-
Jard ISAT.C. type. Thisis atemperature-
stable unit (less than = 0.01 percent/
°F), which includes light-emitting diode
ndicators, 22 turn adjustments, and
sutomatic reference junction compensa-
ion. Moore Industries, Inc., 16650

schoenborn St., Sepulveda, C-’allf. 91343.

“iber glass pumps. Fybroc, Inc., has just
)ubllﬁhed Bulletin 10B1/20B1 on its
3eries 1000 and 2000 Fiber Glass Hori-
zontal ‘Pumps. These pumps are de-
signed for continuous performance in
corrosive service. Capacities are avail-
able to 4,000 gpm. The bulletin de-
scribes the features of the Fybroc series,
including:a pump cross section, specifi-
cations, -and coverage charts for both
series. Fybroc, Inc., 235 Tounship Line
Rd., Hatfield, Pa. 19440

thorature portfolio. EcolSciences, Inc.,
has issued a new portfolio describing
the firm’s specialized services and dis-
ciplines, as well as its major projects.
It discusses preparation of impact state-
ments, assessments, and special studies.
Also described are engineering support
services to other firms involved in infil-
tration-inflow analysis and operation-
maintenance activities. Complete bio-
graphical data on EcolScience’s execu-
tive, management, and project staff are
included. EcolSciences, Inc., Corporate
Office, 129 Park St., N.E., Vienna, Va.
22180.

Report, coastal zones. This report is
sponsored by the Office of Coastal Zone
Management of the National Oceanic
and Atmospheric Administration; it is in-
tended to serve as a technical guide and
reference document for a wide audience.
It deals at length with the requirements
of the Coastal Zone Management Act of
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install than conventional pipe.

1972 and offers a substantial analysis of
the key factors involved .in coastal zone
management programs. Also included
is a bibliography of information on
coastal zone affairs and copies of the
federal rules and regulations under the
Act. Coastal Zone Management Insti-
tute, Box 221, Sandwich; Mass. 02563.

Level monitor. The ST-11A Sensitek is
a noncontact level-measurement instru-
ment developed by Sensor Technology
Co. It is connected with an alarm or
proximity switch and controls the levels
of liquids, slurries, and granular ma-
terials when they reach a predetermined
level. The instrument operates effec-
tively in measuring coal, ore, and sand,
and monitoring wastewater treatment
settling tanks. The ST-11A has a maxi-
mum range of 4 ft and a minimum of 4 in.
Sensor Technology Co., 905 Dexter Ave.
N., Seattle, Wash. 98109.

Sludge and slurry transmitter. National
Sonics Division of Envirotech Corp. has
added the Sensall.Model 4940 Sludge
Density Transmitter to its line of prod-
ucts designed for sludge and slurry den-
sity measurement and control, The
ultrasonic instrument provides a linear
readout of the percentage of solids dis-
played - directly- on a meter. ' The unit
starts and stops pumps when sludge
reaches a preset density. It eliminates
costly pumping and processing of ex-
cess water. National Sonics Div., En-
virotech Corp., 250 Marcus Bivd., Haup-
pauge, N.Y. 11787.

Wastewater pipe. A new line of ex-
truded ABS wastewater pipe from Na-
tional Drain Supplies, Inc., is available
in 3, 4, and 6 in. diam, standard or per-
forated. The ABS pipe is lighter,
stronger, . less expensive, and easier to
Belled
ends on 10-ft lengths permit the use of
simple slip joints with solvent cement.

{Continued on page 362a)



New equipment and Ilterature

(Continued ‘from page 358a)

‘The ABS pipe is IAPMO and UPC ap-
proved for sewer and drain applications.
The .pipe is extruded from virgin acry-
lonitrile butadiene styrine and has a
crush rating of 2,000 Ib for both stan-
dard and perforated versions. National
Drain Supplies, Inc., 12243 Branford St.,
Sun Valley, Calif. 91352.

Automatic sampling systems. A new 20
page catalog details Sigmamotor’s se-
lection of automatic sampling systems.
The introduction outlines the criteria for
selecting such systems. The catalog de-
scribes sampling systems which draw
samples of an adjustable pre-set size at
programmed intervals, which are con-
trolled by a flowmeter, or which deposit
each sample in a separate bottle, as
well. as many other types of systems.
Also included are some examples of
specially-designed units to meet unusual
customer requirements. The catalog in-
cludes the LMS-400 flowmeter which is
portable and battery-operated, as well as
a complete line of accessories. Finally,
the new line of Vacuum Pump sampling
systems which samples liquids contain-
ing SS up to 3 in. diam with fluid ve-
locities up to 1.91 m/sec (6.25 ft/sec) is
presented. High fluid velocity prevents
loss of SS from the sample, and auto-
matic pumps prevent clogging. Over a
dozen different Vacuum Pump sampling
systems are available. Sigmamotor,
Inc., 14 Elizabeth St., Mlddleport N. Y.
14105 "

Filter. The new Star filter removes
solids in single-stage operation or com-
mercially sterilizes water in a two-stage
operation, both of which can be op-
erated by one man. The filter is a 34-
sheet, 24-sq in. machine with 120 sq ft
of filtering area. It delivers over four
times the flow rates of cast waffle-grid
construction filters. These filters obtain
pure drinking water without chlorination
at $0.0t for 300 gal. Using a divider
plate for two-stage operation, the ma-
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ch ne removes bacteria and sohd con-
taminants down to 0.1 micron. Fea-
turing basket strainer and hydraulic
closure, precision-machined plates and

‘frames to assure a pressure-tight seal,
‘and fabrication to insure greater corro-

sion' resistance -and ‘low contamination
levels, the filter is also fabricated in 30,
36, 48, and 60 sq in. sizes. Star Tank &
Filter Corp., 875 Edgewater Rd., Bronx,
N.Y. 10474.

Oily wastes. A brochure released by
the Allied Chemical Corp. discusses the
sources and treatment procedures of
various oily waste products. ' Industrial
applications and case histories for the
various techniques are included, as are
details on how to get aid- for specific
treatment problems. Allied Chemical
Corp., Industrial Chemicals Div., ‘P.0O.
Box 1139R, Morristown, N.J. 07960.

Technical data. FMC’s Pollution Con-
trol Release No. 11 deals with the treat-
ment of photographic wastes with
hydrogen peroxide. - The bulletin sum-
marizes the chemistry involved in oxi-
dizing the wastes, and gives examples
of the use of hydrogen peroxide in re-
ducing the BOD of these wastes. The
compounds dealt with are silver, sodium
thiosulfate, sodium sulfite, formaldehyde,
and hydroquinone. FMC Corp., Box 8,
U.S. Hwy. 1, Princeton, N.J. 08540.

Precipitants gpd coagulants. Factors
involved in choosing the correct precip-
itant or coagulant in a specific waste-
water treatment situation are discussed
in an Allied Chemical Corp. brochure.
The various chemical salts that are ac-
ceptable for precipitants/coagulants are
listed and described. Methods for stor-
ing, handling, judging, and effectively
using these salts are then presented, as
are details on how to obtain technical
service. Allied Chemical Corp., Indus-
trial Chemicals Div., P.O. Box 1139R,
Morristown, N.J. 07960.

(Continued on page 375a)



Recent Books

(Continued from page 347a)

_minerals containing phosphorus, the
origin and fate of organic phosphorus
compounds in aquatic systems, and gas

" chromatography detectors for phos-
phorus and its compounds. Because
of its wide scope, the handbook should
prove useful to research scientists,
oceanographers, limnologists, geolo-
gists, and sanitary engineers.

Concise Chemical and Technical Dic-
tionary. H. Bennett [Ed.], Chemical
Publishing Co., 200 Park Ave. S., New
York, N. Y. 10003 (1974), 1175 pp.,
$35.00.

. -About 75,000 definitions are included
in this dictionary, which covers every
field of scientific and technical develop-
ment. Written for both scientists and
laymen, this volume features an up-to-
date compilation of trade name or pro-
prietary products in the synthetic resin,
plastics, metal, rubber, textile, food,
pharmaceutical, paint, and varnish in-
dustries.

Recycling and Disposal of Solid Wastes:
indusirial, Agricultural, Domestic. T.
F. Yen [Ed.], Ann Arbor Science Pub-
lishers Inc., Box 1425, Ann Arbor,
Mich. 48106 (1974), 372 pp.

This sourcebook contains chapters
by experts in the energy, chemical,
and biological aspects of solid wastes,
polymer-gas reactions, ionene polymers
to flocculate colloids, glass and metal
Lontainer recycling, protein production
from cellulosic wastes, polymers for
stabilizing mineral wastes, leachate for-
mation in sanitary landfills, and animal,
farm, and field wastes.

Wastewater Management: A Guide to
Information Sources. George Tcho-
banoglous, Robert Smith, Ronald
Crites, Gale Research Co., Book
Tower, Detroit, Mich. 48226 (1976),
202 pp., $18.00.
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This selected, annotated bibliography
consolidates: literature in the field of
wastewater management into a useful
information source. It fills the need for
an authoritative guide to the rapidly ex-
panding scope and sophistication of lit-
erature in this area of environmental
study. The areas covered are: engineer-
ing of wastewater collection, treatment,
disposal, and re-use systems; the eco-
nomic analysis of planning of such sys-
tems; and the legislation affecting the
implementation of these systems. Spe-
cialized topics are covered within each
of the major subject areas.

Managing the Water Environment. Neil
A. Swainson (Ed.), University of Brit-
ish Columbia Press, Vancouver 8,
Can. (1976), 266 pp., $15.50.

The six essays in this volume examine
the problems behind the failure to ef-
fectively implement regulations to man-
age the environment. The first two es-
says discuss the political and legal
framework of environmental manage-
ment. The second two discuss the fair
representation of those affected by en-
vironmental decisions. The strategic
options of the water quality manager are
the subject of the final two essays.

Poliuted Groundwater: A Review of the
. Significant Literature. David Keith
Todd and Daniel E. Orren McNulty,
Water Information Genter, Dept. 26, 14
Vanderventer Ave., Port Washington,
N.Y. 11050 (1976), 178 pp., $16.00.
This book is an updated report orig-

inally prepared for the EPA as part of a
contractual study by TEMPO, the Center
for Advanced Studies of GE. It reviews .
literature on man-made groundwater pol-
lution, including causes, occurrences,
procedures for control, and methods for
monitoring. - Thirty specific topics are
covered under the headings of urban
pollution, ‘industrial pollution, agricul-
tural, wells, salt water and surface water
poliution. Current knowledge in the
field is effectively summarized.
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Editorial

The Literature Review, as readers see it

This month the Journal again presents its annual feature,
the Literature Review issue—a comprehensive guide to sig-
nificant developments in the water pollution control field as
reflected in the world's technical literature. The acceptance
that the Literature Review has attained in the past should
speak for itself. However, there are two points relating to its
popularity and usefulness that deserve amplification.

The first point relates to the growth of the Review. Since
1968, the first year in which these literature surveys were
consolidated in the June issue, the growth in pages devoted
to the Review has averaged over 12 percent per year. Part of
the growth resulted from the increasing scope of the Review
—new sections added and old ones expanded—but there is
no doubt that much of the growth has been because of the
increased amount of technical information being published
about the extent of water pollution and the means for its
control. Thus, in one sense, the growth of the Literature
Review can be seen as a rough index of the worldwide con-
cern about environmental problems and the technical ap-
proaches to their solutions.

The second point relates to the value that individual
readers place on the Review. In a readership survey con-
ducted last September among Journal recipients, 79.7 percent
of the respondents indicated that they found the Literature
Review directly useful to them. In addition, another 12.8
percent felt that although it was not of direct use to them,
the Literature Review was a worthwhile service that should
be continued as a regular Journal issue...

This 92 percent vote of confidence should serve as a
tribute to the efforts of the WPCF Research Committee, one
of the largest and most active groups within the Federation.
For the past twelve months or more, this Committee, under
the co-chairmanship of Prof. R. S. Engelbrecht and Prof. F.
G. Pohland, has devoted a considerable amount of its time
on a volunteer basis to compiling and referencing the litera-
ture citations and preparing the text of the Review itself. We
trust that all users of this year's Review appreciate such
dedication, and join us in a vote of thanks to the Committee.

Peter J. Piecuch
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Nature and andlysis of chemical spéciés

Inorganics

M. S. SHuMmaN and W. W. FoGcLEMAN, De-
partment of Environmental Sciences and
Engineering, School of Public Health, Uni-
versity of North Carolina, Chapel Hill,
N. C. ' , .

Two books on water analysis have ap-
peared, one in English by Rodier,’ another
in German by Frier.? Selected methods
for the analysis of first row transition ele-
ments in natural water appeared in a
monograph by Whitney and Risby.® -Cor-
rill et al.* reviewed heavy metals and other
trace metals in the environment. Filby °
discussed general problems in the analysis
of trace metals in the environment. A
review of water analysis by Lienig® cov-
ered dissolved gases, pesticides, humic
acids, polyacrylamide and other organics.
Methods for chemical analysis of fresh
water were described by Stainton and Arm-
strong 7 with emphasis on C, N, P, and Si,
and with recommendations for sampling
techniques and sample storage. The first
volume in a new series on water resources
instrumentation .edited by Krizek and
Mosonyi ¢ discussed measuring and sensing
methods. Analysis of industrial waste-
waters was the subject of a French book
by Bormans.® A handbook by Sittig '
covers detection and monitoring of poten-
tial pollutants in industrial air and water
effluents and has over 1,600 references on
standards, toxicities and methods. Boltz
reviewed recent methods for determina-
tion of the anions of ‘As, B, halogens, N, P,
Se, Te, Si, and also CN-, SCN-, organic
anions, anionic detergents, CO;?", EDTA,
and NTA. -

The contamination and loss of material
accompanying analytical procedures were
discussed by several authors. Lo and
Wai ** noted that loss of Hg at 5 ug/l
occurred by reduction of Hg(II) to ele-
mental Hg and volatilization through poly-
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ethylene containers. Preserving with a
dilute nitric acid-dichromate mixture pre-
vented loss up to 21 days. Marine water
spiked by Dokiya et al.** with inorganic
203Hg showed loss of Hg, but addition of
an acidic cysteine solution preserved the
sample up to 15 days. Sampling procedures

- and storage of open ocean waters for Hg

analysis were discussed by Fitzgerald and
Lyons.** A polyvinyl chloride sampler was
found suitable for collecting samples.
Acidified sea water and also distilled water
samples of Hg stored in polyethylene con-
tainers were found by Bothner and Robert-
son 5 to increase in Hg content whereas
samples stored in Pyrex showed no change.
The gain was attributed to leaching. Lit-
man et al.*® found high rates of adsorption
of Hg onto polyethylene, glass, and Teflon
surfaces at concentrations less than 1 pg/l,
as well as significant loss during digestion,
combustion and lyophilization. Instru-
mental neutron activation analysis was sug-
gested to minimize sample handling and
loss. Randa et al.'” suggested a multiele-
ment standard on filter paper to prevent
loss of Hg during irradiation from aqueous
standards placed in plastic containers.
Selenium at 1 pg/l concentration was
found to be adsorbed on Pyrex, flint and
polyethylene by Shendrickar and West.!®
Benes and Steinnes '? followed the concen-
trations and physicochemical state of 18
trace and major elements in river and lake
water stored in polyethylene bottles. A
considerable fraction of the elements was
lost to container walls over a 30-day period
and the chemical forms of Co, Mn, Fe, and
Cr changed substantially after one wk of
storage. Commonly used and commercially
available: disposable pipette tips were
shown by Sommerfeld et al.*® to leach Zn
and Fe. Johnson et al.** found short term
changes in measured concentrations of in-
organic phosphorus in both frozen and re-
frigerated stream samples and recom-
mended isobutanol extraction to minimize
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these storage problems. Loss of *P and
14C activity during scintillation counting of
aqueous samples was attributed by Weimer
et al.* to precipitation ¢f phosphate and

both precipitation and ' volatilization’ of ‘

carbonate.

An mtercahbrat;orr study by Wayher et
al.®® for fluoride in sea water using elec-
trometric and spectrophotometric methods
indicated that the F:C}‘ ratio for samples at
four locations was 6.71/x 10-° = 0.07 x 10-®
based on 99 percent qonﬁdence limits. An-
other interlaboratory calibration by Eke-
dahl et al* for phosphorus and nitrogen
nutrients resulted in most,of the 75 par-
ticipating laboratories performing with a
20 percent coeflicient of variation. Koroleff
et al.*® reported that Scandanavian labs
carried out parallel analyses on natural
water samples containing Fe, Cu, Mn, and
Zn by atomic absorption with a relative
standard deviation of 5 to 9 percent and a
relative accuracy of one percent. Ward 2¢
discussed ‘problems related to EPA guide-
lines that list several standard methods
manuals as acceptable for water quality
analysis, It was argued that it is important
to know if a method is standard or not.

IsoLATION AND PRECONCENTRATION

Traces of U, Co, and Cd in natural
waters were concentrated by Korkisch and
Goedl ** with an anion exchange resin after
addition of ascorbic acid and xcNs to form
their thiocyanates. Fluorimetry or spectro-
photometry was used for the determina-
tion. In a series of papers, Korkisch et al.>®
used this same principle for analysis of Cu,
Zn, Pb, and Mo in natural waters, forming
chlorocomplexes for Cu, thiocyanate com-
plexes for Zn and Mo, and bromo-complexes
for Pb. Leyden* used an ion exchange
resin prepared from tetraethylene-penta-
mine and toluene diisocyanate to precon-
centrate Cu, Ni, and Zn from about 500 ml
of sea water. The small amount of resin
employed was compressed into a tablet for
determination by x-ray fluorescence. A
similar method by Leyden3 employed
Chelex 100 for concentrating Co, Au, Ni,
Bi, and Cr. Florence and Batley 3* dis-
cussed the use of Chelex-100 for quantita-

-
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tive determination of chelated Zn, Cd, Pb,
and Cu in sea water. With synthetic sea
water and various chelating agents, it was
concluded that the fraction normally re-
ported as chelated metal by this technique
must in fact be metal adsorbed or occluded |
on particulates. An anion exchange pro-
cedure was used by Korkisch and Sorio **
to preconcentrate metals in natural water
after forming their diethylthiocarbamate
complexes. Czuha and Riggs % colleeted
trace metals on a film of acrylic acid-
grafted polypropylene by a 5-min immer-
sion in the sample. A linear relationship
between concentration and x-ray photo-
electron intensity was obtained with this
method for mg/l levels of Pb and Ag.
Ramseyer and Janauer ** used a cation ex-
change resin in the copper form to pre-
concentrate complex Fe cyanides in water.
Elution was with HCI followed by NHj
which released the complexes and sepa-
rated them from other Fe species.
Orthophosphate in waters at levels of
0.5-100 pg P/l was quantitatively absorbed
by anion exchange resins in a method by
Blanchar and Riego ** Pyrophosphate and
tripolyphosphate interfered. Mixed ion ex-
change columns and elution with organic
hydroxy acids at various pH and CI- con-
centrations were used by Miwa et al.*¢ and
Yamabe and Hayashi ® to separate Mn,
Co, Cu, Zn, Cd, and Pb. Chelating groups
such as ethylenediamine and dithiocarba-
mate immobilized on silica gel were used
by Leyden et al.*® % to batch-extract trace
metals from solution for subsequent direct
determination by x-ray fluorescence. - Sini-
baldi and Lederer *° investigated the use
of Sephadex gels for separating the anions,
I-, SCN-, Cr.O:*, and AuCl,~. The prep-
aration and use of thorium phosphate as an
ion exchanger for metal cations was re-
ported by De and Chowdhury 4 A pro-
cedure, for simultaneous preconcentration,
separation, and determination of perman-
ganate, chromate, and vanadate at pg/l
levels in aqueous solutions was developed
by Lin and: Janauer ** using an Fe(II)-
treated ion exchange resin and spectro-
photometry. Uranium in groundwater was
determined ‘to 2 pg/l concentration by
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Hathaway and James*® after extracting

with Chelex 100 and pelletization of the
resin for x-ray fluorescence. The strongly
basic anion-exchange resin, Varion AT-6,
was used by Balint-Ambro ** to isolate As
from alkaline solutions. Cr(VI) in waste-
water containing Fe(IIl), Zn, Cr, Cd, and
50 mg/1 Bop was separated from interfering
ions with Dowex 1-8 by Yamashige et al.**
using sodium sulfite to reduce Cr(VI) to
Cr(III) for elution. A review by Yoshida
~and Ueno *¢ discussed separation of metal
ions by chelating resins. Savvin et al.*’
investigated chelate sorbents based on am-
inopolystyrene and chloromethylated and
amino derivatives of styrenedivinylbenzene
copolymers to selectively concentrate Pt-
group elements. Metal ions were extracted
from aqueous perchlorate solutions into
liquid N,N-disubstituted amides by Fritz
and Orf ¢¢ The extraction of a large num-
ber of metal ions as amide complexes was
shown to be practical. Extraction of Hg
from sediments “‘was studied by Agemian
et al.* using three acid mixtures. A HF-
aqua regia mixture gave highest Hg values.
- A tri-n-octylamine-cyclohexane mixture was
coated on an XAD-2 macroreticular resin
by Topping and MacCrehan * and used to
concentrate Cd from 3000 ml of fresh water
to 10 ml for atomic adsorption.

Froth flotation was used by Sekine 5 to
separate traces of U in sea water for an-
alysis. by neutron activation. Tsai et al.5?
separated *’Cs from sea water by precipi-
tation with Na tetrakis-(p-fluorophenyl)
borate following scavenging with ammo-
nium molybdophosphate. The **'Cs activ-
ity in surface sea water was found to be
0.35 pCi/l. Warshawsky ** used ethylene
diglycol dibutyl ether to coat XAD-2 resin
and form a Au-selective reagent. Harrison
et al.** found that natural waters precon-
centrated by lyophilization lost Hg and I,
but other elements tested were retained.
Livingston et al.*® reviewed procedures for
extracting and concentrating transuranium
elements in sea water and sediments. Silver
filters were employed by Gordon and Sut-
cliffe ¢ for particulate nitrogen and carbon
analysis of sea water. The effects of water
volume and volume filtered on observed
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concentrations were investigated. ' Supa-
tashvili et al.*” concentrated Cu from nat-
ural water in the range 1.5 to 50 ug/l by
coprecipitation with aluminum hydroxide.
Sodium, Cl, and SO,?>- had no effect on the
method, but 200 mg/l of K decreased co-
precipitation by 10 percent. The use of
poly-5-vinyl-8-hydroxyquinoline for trace
metal precipitation was described by Buono
et al*® This reagent precipitated Al, Co,
Cu, Fe, Pb, Mn, Ni, V, and Zn in less than
two min, and did not precipitate alkali
metals. Hayes *® concentrated tritium in
environmental samples by electrolysis for
subsequent counting. Electrolysis was also
used by Hiiro et al.*® to concentrate pg/l
Hg in sea water and by Katalevskii and
Eremenko ®* to deposit heavy metals from
natural waters onto a graphite electrode for
subsequent spectrographic determination.

ELECTROCHEMICAL METHODS

The use of square wave polarography to
detect heavy metal pollutants in water was
discussed by Sturrock and Carter.® ¢
Hanging Hg drop and Hg film disk elec-
trodes were employed and 10-° F metal was
determined in less than 15 min. Piccardi
and Legittimo Cellini * determined 13
metals in wastewater after acid digestion
with d-c polarography. Whitnack ** de-
scribed the use of linear scan voltammetry
to analyze a number of metallic and organic
micropollutants in natural waters, domestic
water supplies and wastewaters. Bond *
compared linear sweep, stripping a-c and
pulse voltammetric methods with a variety
of electrodes and electrode processes. Al-
len ¢7 used voltammetric techniques, princi-
pally anodic stripping, to characterize trace
metal species in aqueous solutions and to
measure metal complex stability constants.
Heinemann et al.®® used a mercury film
electrode and differential pulse anodic
stripping voltammetry with a thin layer
electrochemical cell for analyzing 50 ul
samples. An intermetallic compound be-
tween Li and Cd was studied by Kaplin
et al.®® For stripping voltammetry of Li in
excess Cd, it was suggested that Cd:Li ratio
never exceed 45:1 to avoid interferences.
A computerized electroanalysis system was



discussed in a series of papers by Kryger
et al.”® Automated anodic stripping with
background correction was used to deter-
mine Cu, Pb, Zn, Cd, and Bi in standard
sea water, A manual of controlled-poten-
tial coulometric methods was prepared by
Harrar ™* and contained most of the pub-
lished methods for analysis of inorganic
substances together with procedural details
and interferences. Sensors based on con-
trolled potential coulometry or ampero-
metry for Cl, residual were discussed by
Morrow and Roop ** and by Nakagawa @
Sensors for po in water and wastewater
were given by Agranov et al.,”* by
Kitchen,” and by Pijanowski.”® A com-
parison of a-¢ polarographic methods with
atomic absorption spectroscopy for deter-
mination of Cd, Cu, Pb, and Zn was made
by Beyer and Bond.”” Polarography was
judged competitive with atomic absorp-
tion because it can determine the four
metals simultaneously over a wide concen-
tration range. Additional applications of
voltammetric techniques are listed in Table
I )

IoN SeLEcTIVE ELECTRODES

A book by Koryta*? presented funda-
mentals and applications of ion-selective
electrodes. Membrane potentials and in-
terfacial phenomena were discussed. A
monograph by Covington 2 reviewed the
history, theory, and construction, and ap-
plication of ion-selective electrodes.
Frant !4 reviewed the procedures for mak-
ing low level measurements and discussed
detection limits and the problems and tech-
niques applicable to working at low con-
centrations. Manahan et al.**® used the F-
selective electrode as an example of an
ion-selective electrode used in environ-
mental research and discussed other solid
membrane and liquid ion-exchange elec-
trodes and their uses. Electrodes for con-
tinuous measurement of water quality in
water treatment and water distribution
facilities were discussed by Babcock.!1®

Selectivity, grounding, mechanical configur- -

ations and limits of detection were in-
cluded. New instrumentation for auto-
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matic determination of metals, H* and F-
in rivers, oceans, and wastewaters was de-
scribed by Hirata et al.’* A new F- elec-
trode and a device that keeps the mem-
brane surfaces of metal electrodes repro-
ducible, smooth, and continually renewed
was presented. Feher et al.*® reviewed
the use of precipitate-based silicone rubber
ion-selective electrodes and silicone rubber
based graphite voltammetric electrodes for
continuous analysis, Attention was given
to Cl- monitoring in natural waters and
to CN- monitoring in industrial effluents.
The construction, suitability, stability, re-
producibility and selectivity of ion-selective
electrodes used in continuous measuring
were discussed by Oehme.’** The elec-
trodes were compared with photometric
methods for important ions present in
waters and effluents. Rechnitz **° con-
structed and evaluated a liquid membrane
electrode for CO3* and a solid membrane
electrode for SO,*-. Micro and flow-through
electrodes for a number of ions were also
constructed and tested. Measurements of
NTA in waters and studies of ion associa-
tion were carried out. Divalent ion:chlo-
ride ratios in sea water were determined
by Srna®** in a procedure that involved
dilution of the sample. Artificial sea water
dilutions were used as reference standards.
Zirino '** measured apparent pH of sea
water with a microelectrode and specially
designed cell. The cell was jacketed for
temperature control and had a precision
for routine use at sea of =0.0026 pH units.
Additional applications of ion-gelective
electrodes are listed in Table II.

ATOMIC ABSORPTION SPECTROSCOPY

The subject of atomic spectrometric an-
alysis of heavy metal pollutants in water is
addressed in a book by Burrell®* Both
fresh and marine waters are discussed.
Winefordner 1% reviewed multielement
atomic spectroscopic methods. Compari-
son of methods with respect to inherent
advantages and disadvantages were dis-
cussed. Mercury determination by non-
flame atomic absorption and atomic fluo-
rescence spectrometry was reviewed by
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