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Water chemistry tests reviewed...see page 4

Thanks to PRAISE for 11 years of service

For eleven years, the Pacific site offers a vast amount of aquaculture information,
Regional Aquaculture Information including a news section, the latest aquatic health infor-
Service for Education (PRAISE) mation, legislative updates, listings of Pacific vendors,
has been working to fulfill its motto, employmentopportunities, upcoming conferences, agray
“to get the right information to the literature bibliography, and internet links to a variety of

right place at the right time.” As related Web sites—including
PRAISE begins its twelfth year, the CTSA’s. You can also request a
service will continue to provide free information to a di- literature search directly from the
verse group of users on a wide range of marine scien Web site.
topics. \ 'ﬂ‘_. A recent addition to PRAISE
Since 1988, CTSA has provided a portion of the = allows the University of Hawaii
funding for PRAISE, an aquaculture workstation oper: community to conduct their own

ated and managed by the staff of Hamilton Library at thASFA searches at no charge by accessing the Cam-
University of Hawaii. The service subscribes to a numbdoridge Scientific Abstracts Web site through the library at
of databases, including Aquatic Science and Fisheriddtp://www.hawaii.edu/scirefFor those who do not
Abstracts (ASFA), Agricola, and Biological Abstracts.use the UH ITS as their internet service provider,
These databases list articles on aquaculture topics froRRAISE has two remote sites on Oahu; one atthe CTSA
hundreds of scientific journals. The PRAISE staff perAdministrative Offices at the Oceanic Institute, and
forms literature searches on request using these aadother at the Cooperative Extension Service office in
other databases. Search results argVahiawa.

A _ provided in the form of a listing of You don’t have to be a computer wizard to take
citations and abstracts. Dependingadvantage of the PRAISE service. Search requests will

f_ — on the nature of the search and thebe filled even if they arrive via mail, fax, phone, or walk-

{ & 3.:'51 number of citations found, results in. Contact Kristen Anderson, PRAISE coordinator at:

"y may be returned via postal mail,

email, fax, or computer disk. (All University of Hawail

computer files are in ASCII format.) \\ g?irgrlll::cénall_r:zr?'reychnolo Dent
The last eleven years have seen many advanc /’ 2550 The Mall gy Dept.
the services provided by PRAISE. Fromits implemen. -
\" Honolulu, Hawaii 96822

tion in 1990 of CD-ROM-based searches, to the launc
of its own Web site in 1995, PRAISE continues to work
to provide accessto timely scientific information. Every-
one from aquaculture farmers to researchers to college
students has benefited from the service. Whether it's information on guppies or gouramis,

Internet users can access a variety of information athrimp or sponges, PRAISE has been working for more
PRAISE’'s home page dittp://lama.kcc.hawaii.edu/ than a decade to provide valuable and timely scientific
praise. Records indicate that users from around thénformation to the aquaculture community in the Pacific
world access the site nearly 6,000 times each month. TiRegion—and beyond.
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NADA coordinator WIM New committee

launches Web site sEEEE members

Obtaining the latest infor- Since their appointment in January 1999, the newest
S mation on approvals for new members of the CTSA Industry Advisory Council and
o | I - animal drugs that have appli- the Technical Committee have been busy with their new
| | cations in aquaculture just got responsibilities. Whether attending the annual commit-
easier thanks to the launch of tee meetings or reviewing proposals, their diverse back-
the National New Animal Drug grounds and wide range of expertise have already con-
Applications (NADA) Coordinator Web site &ttp://  tributed greatly to the CTSA program. CTSA welcomes
ag.ansc.purdue.edu/aquanic/jsa/Aquadrugs.htmits new members and looks forward to working with them
Since 1995, CTSA has provided a portion of the annualuring their three-year term.

funding needed to conduct the NADA project. New Industry Advisory Council Members

The site, which is located at the Joint Subcommittee, Michael Bauerlein, Special Project Coordinator

on Aquaculture’s homepage, was established by the g, 5, Aquaculture Development & Training Center
USDA to provide information on the goals, objectives, , Dr. Paul Bienfang, Senior Vice President

background, current position, international activities, and CEATECH USA Inc. (Hawaii)

progress reports of the National NADA Coordinator. Rebecca Bishop-Yuen, Co-owner

The site also provides a convenient email link to contact Palaau Prawn and Shr'imp Company (Hawaii)
NADA coordinator Rosalie Schnick with questions or
input regarding project activities.

A recent tour of the site revealed a wealth of infor-
mation, much of it found in SchnickBourth Annual
Report of ActivitiesStatus updates were included for Dr. Todd Lorenz, Scientific Director
along list of various drug applications such as amoxicillin, Cyanotech (Hawaii)

Chloramine-T, formalin, hydrogen peroxide, and many Toshiuki Rudolph, Chief Magistrate
others. Additional activity highlights included reports on

several workshops attended by Schnick. A bibliography
of Schnick’s publications, manuscripts, special reportsNew Technical Committee Members
and presentations is also provided. * Dr. Brad Argue, Geneticist

The overall goal of the National NADA Coordina- ~ The Oceanic Institute (Hawaii)
tor project is to coordinate activities for investigational * Dr. Albert Tacon, Nutritionist
new animal drug exemptions (INADs) and new animal The Oceanic Institute (Hawaii)
drug applications (NADAS) to expedite approval for the
use of various drugs in aguaculture. <

* Yimnang Golbuu, Researcher
Palau Community College

* Robert Kern, Owner
Tropical Ponds of Hawaii

Kukuoro Municipal Government (FSM)
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In May, CTSA received the USDA “stamp of approval” Centerfor Tropicaland

on its Year 12 Plan of Work. The USDA commented SUIE BEE A TR
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Extension agent provides
free assistance to region

Since 1989,
CTSA has pro-
vided funding for
an aquaculture ex-
tension specialist
for the U.S.-Affili-

(808) 259-8395, or by email at

aclegg@teligentmail.com
Ellis is currently working on a

publication (with an accompanying

video) that has already generated
lot of interest. CTSA Publication

ated Pacific Is- Number 137,Soft Coral Culture
lands. Manual,will be available in Novem-

Simon Ellis, the extension spe- ber.
cialist since January 1997, has pro-  In addition to developing a vari-
vided helpful, free assistance to manyety of aquaculture publications, Ellis
island residents on a wide variety of also supports the region with site vis
aquaculture ventures. His serviceits to as many islands as possible¢
region includes the Federated StatedHis upcoming travel schedule (sub
of Micronesia, American Samoa, the ject to change) follows:
Commonwealth of the Northern
Mariana Islands, the Republic of the August 30 - September 11
Marshall Islands, and the Republic Majuro & Jaluit, RMI
of Belau. September 21 - 24

Ellis has recently published a Pohnpei, FSM (pearl
CTSA Aquafarmer Information oyster shellcraft workshop)
Sheet with valuable tips for those in- September 27 - October 8
terested in culturing giant clams. Saipan and Rota, CNMI
CTSA Publication Number 139, October 25 - November 6
Lagoon Farming of Giant Clams American Samoa
(Bivalvia: Tridacnidae)provides
important details on the steps needed  Ellis can be contacted by phon
to become a successful clam farmer.(691) 320-2728, fax (691) 320-2726
The publication can be downloaded email Sellis@mail.fy or by writ-
in Adobe Acrobat format from the ing him at:
CTSA home page athttp:// College of Micronesia
library.kcc.hawaii.edu/CTSAOr Land Grant Program

.1.

0

you may request a copy while sup- P.O. Box 1179
plies last by contacting Alcian Clegg Kolonia, Pohnpei
at the CTSA Administrative Center FM 96941

COMING
SOON. . .

¢ Ornamens,,
t L

November 16-19, 1999
Hilton Waikoloa Village
Kailua-Kona, Hawalii

For information
visit the Sea Grant Web site at
www.soest.hawaii.edu/SEAGRANT
or contact Hawaii Sea Grant at
(808) 956-7031
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University of Hawaii Sea Grant Program
Hawaii Aquaculture Development Program
California Sea Grant Program
Florida Sea Grant Program
National Sea Grant Program Office
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Selecting products for water chemistry
testing for your aquaculture operation

By Dee Montgomery, Hawaii State Aquaculture Development Program
and James Brock, D.V.M., Hawaii State Aquaculture Development Program

This article was written as part of the work completed for the project “Disease Management for Hawaiian
Aquaculture,” which is funded by the Center for Tropical and Subtropical Aquaculture under a grant from
the U.S. Department of Agriculture Cooperative State Research, Education and Extension Service.

The maintenance of good water quality is importantvater chemistry factor and the reagent chemicals imbed-
for every person who raises aquatic animals—from thded on a plastic strip. For the color disc the chemical
large-scale aquaculture producer to the home hobbyiseaction between water factors and the reagents occurs
Test kits orinstruments are essential because the cultuiiisia test vial and the resulting color change is compared
needs to understand the quality of the environmentisually against a standard. Both the strip and the color
surrounding their aquatic animals. Tests must be pedisc technology are based on a color change viewed with
formed in order to measure the concentration of varioutie naked eye. The color meter applies a light-sensitive
water chemistry parameters. sensor to measure the chemical reaction in a test vial

To a large extent, which water chemistry parametecontaining the chemical reagents and water sample. The
to measure depends on the features of the water systemeasurement result is read from a digital display.

For example, the periodic measurement of ammonia,

nitrite, nitrate, and pH are important for closed or semiMeasurement sensitivity

closed recirculating water systems that rely on biological The sensitivity required for the measurement is the
filtration for the processing of the metabolic wastemost important element to consider when selecting a
(ammonia) excreted by the aquatic animals. On the otherater chemistry test method. The evaluation of a test
hand, culturists who use tap water may need to check tipeoduct cannot occur without prior knowledge of the

chlorine concentration before filling their tanks. detection sensitivity appropriate for the application. Table

There are a variety of chemical tests and instrumeritreports the analysis sensitivity results for the three test
systems currently available to culturists for the measurgroducts for each of the four chemical factors. A detailed
ment of water chemistry parameters. The detectiodescription and analysis of the results for each chemical
sensitivity needed, costs, and time required are seveifalctor follows.
elements to consider when deciding on the type of kit o
instrument appropriate for a given situation. An estimatgTable 1. A comparison of the sensitivity of
of the number of tests to be carried out will also influencg detection in mg/L for three test systems
the choice of the measurement system.

-

Test Total Nitrite /

The followingAquatipsreviews several criteria that | system Chlorine [, 1 monia [ Nitrate pH
can be applied to the evaluation of water chemistry tept— )
products. Four chemistry factors (chlorine, total ammg}-St"Ps 0.5 NA 0.15/1 1
nia, nitrite/nitrate, and pH) and three test systems (strlpsCOIOr Disc - - 00L/1 -

color discs, and a color meter) made by the same
manufacturers were selected to use as examples. |[Color

The test strip technology relies on a visible colof Meter
change that results from a chemical reaction between the A test for this chemistry factor is not available for this system.

0.01 0.01 0.01/1 NA?
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Chlorine
Chlorine does not occur naturally in water, but issensitivity for most culture applications. In this case, the
often added to drinking water to kill harmful microorgan-concentration of NEis then determined using tables that
isms. The use of tap water poses a potential chlorinenvert total ammonia to NHa calculation of the
health risk to aquatic animals because chlorine is highlgmmonia, pH, and temperature data). Culturists should
toxic to gill breathing aquatic animals, even at concentrdsecome familiar with these conversion tables, which are
tions as low as 0.1 mg/L. Indeed, for warmwater aquatiavailable in most water quality textbooks.
organisms, the safe level for long-term exposure is0.001 Both the color disc and the color meter systems have
mg/L for total chlorine. For warmwater fish, the five dayminimum detection sensitivities of at least 0.1 mg/L and
LC,, concentration is 0.09 to 0.3 mg/L (Anon., 1976).are therefore suitable for measuringammonia concentra-
Newly spawned eggs of warmwater fish may be moréons for warmwater freshwater fish health.
sensitive to chlorine than older life stages. Even for short
periods, exposure of fish to chlorine at a concentrationitrite/Nitrate
above 0.5 mg/L is detrimental and probably lethal for  Nitrite is anintermediate and nitrate the final product
many species. in the biological nitrification of ammonia. Nitrite is mod-
Because chlorine is toxic to aquatic species even atately toxic to gill breathing aquatic animals mainly due
low concentrations, a sensitive analysis system is needed.its affinity to bind to hemoglobin to form methemoglo-
Of the three test systems evaluated, only the color metbinemia which blocks the transport of oxygen in the
provides adequate sensitivity (0.01 mg/L) for chlorineblood. Nitrite below 0.1 mg/L is probably safe for pro-
measurement for aquatic animal health. As a generidnged exposure in warmwater freshwater fish. In com-
safety guideline, culturists should hold and aerate taparison, nitrate is relatively non-toxic to aquatic animals.
water at least 12 hours prior to use with aquatic animal®rolonged exposure to concentrations up to 50 mg/L is
probably tolerable for most warmwater aquatic animals.
Ammonia Analytical sensitivity of 0.1 mg/L nitrite and 1 mg/L
Soluble ammonia is a byproduct of aquatic animahitrate are adequate for purposes of maintenance of
metabolism. In flow-through water systems with a reaaquatic animal health. On the basis of sensitivity, either
sonable biomass of aquatic animals and exchange tife test strips, the color disc, or the color meter systems
water, the ammonia is flushed out with the dischargedould be used for nitrite/nitrate measurement for
water. However, in culture systems that rely on biologicavarmwater fish health.
filtration (bacterial metabolism) for processing ammonia,
a disruption of the microbial community can lead to thepH
accumulation of ammonia or nitrite to levelsthatare toxic  pH is a measurement of the activity and concentra-
to aquatic animals. tion of hydrogen ions and is an important factor in the
In water, the soluble ammonia exists as two ionicegulation of biological and chemical systems.
states in a dissociation equilibrium. These two states &/armwater aquatic animals can generally tolerate a
ammonia are the toxic un-ionized (yHand the non- wide range of pH, given the animals have adequate time
toxic ionized (NH*) forms. For a given concentration of to adjust to the change in the pH. Safe criteria for pH is
totalammonia (NE+ NH,*), the pH and the temperature given at 6.5 to 9.0 for most warmwater aquatic species
of the water primarily determine the distribution of thesgAnon., 1976).
two forms of ammonia. For example, in a totalammonia  For pH, we rely upon a sensitivity of 0.1 pH units as
concentration of 3.5 mg/L at 25°C and pH 7.0, theadequate for testing samples from culture systems with
amount of NHis 0.02 mg/L. However, the same levelwarmwater species. There are numerous portable or
of NH, (0.02 mg/L) is also found in 0.13 mg/L total benchtop pH meters available on the market today. The
ammonia when the temperature is 25°C but the pirhajority of these instruments are suitable for pH mea-
increases to 8.5 [Anon., 1976]. surement applications for warmwater aquatic animals.
The amount of NHin the culture water is the most The test strip measurement for pH lacks adequate
important factor to address in order to avoid adverssensitivity, butthe color disc system s suitable. The color
health effects to aquatic animals. For warmwater fishmeter system evaluated does not have a pH test function.
the safe prolonged exposure level of \gH0.02 mg/L.
Since the concentration of Ni$ a fraction of the total
ammonia, determining the concentration of total ammo-
nia to the nearest 0.1 mg/L also provides adequate continued on page 6
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Aquatips

continued from page 5

Instrument costs
A second criteria for the evaluation of water chem$0.10 to $0.20 per test. The expense for nitrite and nitrate
istry test products is the cost for the instruments (sesnalysis is an exception, with the cost for the strip being
Table 2). The three test systems rely on different instriabout $0.60 per test. If nitrite/nitrate levels were mea-
ments. In general, the higher the sensitivity of the analyssured weekly in the water from 10 tanks, the cost for the
procedure, the more costly the instrumentation.

Table 2. A comparison of the approximate cost for
instruments or special equipment for three test
systems

Test Instrumentation Test Discs | Approximate

System or Modules Total

Strips 0 0 0

Color Disc 0 $40-$80 $231

per disc

Color $40

Meter $500 per module $620

Test strips do not require any instruments. Likewise
there are no instruments for the color disc system, bufla
different disc is needed for each chemistry factor. The
prices vary, but for the type used in this evaluation, th
discs ranged in cost from $40 to $80 for each of the foug
chemical factors. The total cost was $231 to measure the
four chemistry factors with the color disc system. TheStrips 1
cost for the color meter was approximately $500 with th
additional expense of $40 for each module needed
measure the three chemical factors tested (a pH test was

not available for this system).

Reagentcosts
Athird criteria used in the evaluation was an estimatSummary

of the approximate cost of reagents per test for the three The detection sensitivity required, the cost for instru-

test systems (see Table 3). Breaking down the cost fanents and reagents, and the time needed to complete the

water testing for different systems provides importantest should all be considered when selecting a test system

information, especially if the user anticipates carryingor the measurement of water chemistry factors impor-

out the measurement on a frequent basis.

Table 3. A comparison of the approximate cost per test
for the reagents for the three test systems

Test Chlorine Total Nitrite / H

System Ammonia Nitrate P

Strips $0.20 NA! $0.60 $0.18
. $0.13/

Color Disc $0.43 $0.12 $0.15 $0.05

Color $0.22 / .

Meter $0.13 $0.13 $0.19 NA

1. A test for this chemistry factor is not available for this system.

For most of the tests, the reagent costs range from

strips in a year would be $312. Reagent costs for testing
done with the color disc would be $145.

Test completion time

A fourth criteria used to evaluate the three test
systems was the approximate time needed to complete a
single test. As shown in Table 4, the test strips were the
fastest. Similar times to complete the test were found for
most of the chemistry factors for the color disc and color
meter, with the exception of the test for total ammonia,
where the color meter test could be completed in one third
the time. This would have important implications when
analyzing a large number of water samples.

'Table 4. A comparison of the approximate time in
minutes needed to complete one test for the
three test systems

Test Chlorine Total Nitrite / H
ystem Ammonia | Nitrate P
NA? 1/1 1
[&olor Disc 1 10 10/3 1
1
Meter 3 3 10/5 NA

1. A test for this chemistry factor is not available for this system.

tant for aquatic animal health. This analysis indicated that
test strips may not be the best choice for aquatic animal
health monitoring due to their inadequate detection sen-
sitivity. Color discs provide reasonable detection sensitiv-
ity for most applications, chlorine measurement being an
exception. In all cases, basic knowledge of water chem-
istry will help the culturist understand and interpret the
analysisfindings.

References

Anon. 1976. U.S. EPA Quality Criteria for Water,
Washington, D.C. US Government Printing Office,
256 p.



Guam project encourages aquaculture

Guam has advantages that make aquaculture a paquaculturists with information on how and when to ac-
tentially significant industry for the island. The island’squire a permit. In addition, the workshop provided a fo-
tropical climate facilitates the culture of a variety of spefum to discuss proposed improvements to streamline the
cies. In addition, Guam’s large number of Japanese tourigggulatory process. More than 150 people attended the

provides a ready market for aquacultur~
products.

In 1973, the government set up aquat
ulture demonstration ponds at Talofolc
where a number of species were teste
including eels and the Malaysian gian
prawn. The Guam Aquaculture Develop
ment and Training Center has also cu
tured other species on a small scale, i
cluding soft-shell turtle, ornamental ma:
rine fish, mangrove crabs, and rabbitfist
Commercial farmers currently produce ti
lapia, milkfish (for food and bait), marine

workshop, including the governor, several
senators, local and federal agency repre-
sentatives, and existing and potential
aguaculturists.

To further assist aquaculturists, 400
copies of the publicatiodquaculture on
Guam: Prospects, Permits and Assis-
tance was published and distributed un-
der the auspices of the Agricultural Ex-
periment Station of the University of
Guam. The project also produced a video,
Aquaculture on Guamwhich is avail-
able for lending to those seeking assis-

shrimp, Asian catfish, and Chinese and common carptance in starting a farm.

However, despite these successes, Guam’s complex The project’s activities attracted the attention of the
permitting process sometimes discourages aquacultupcal media, and stories covering the workshop appeared
ists from starting a farm or expanding an existing operdn local newspapers and on television stations. The
tion. The CTSA funded project, “Public Policy Impact project’s activities also prompted a visit by the governor
on Aguaculture Development in Guam” was developedo the Guam Aquaculture Development and Training
to directly address this concern. The project, initiatedCenter (GADTC), resulting in identification of additional
under CTSAs ninth annual plan of work, focused orfunding for the facility.
identifying government policies that may hinder the ex-  For more information on Guam’s permitting process,
pansion of Guam’s aquaculture industry. The project alsor to borrow a copy of the project’s video, call John W.
provided aquaculturists with up-to-date information orBrown, Ph.D., at the University of Guam at
the permitting process. (671)735-2100 or contact him via email at

A two-day workshop was conducted that providedbrown@uog9.uog.edu.

Update on year 13 proposals

The summer has been filled with provide any further comments to the
CTSA Year 13 proposal activities. project work groups. The final pro-
Nine proposals were received by theposals will be incorporated into the
June 4 deadline and forwarded to 56Year 13 Plan of Work for presenta-
. internal and external reviewers for tion to the CTSA Board of Direc-

“ their comments. tors in October. Once approved by

In July, conference calls were the board, the Plan of Work will be
held with 24 internal reviewers submitted to the USDA for approval.
whose suggestions were then for-  Many thanks to all of the inter-
warded to the various project work nal and external reviewers for their
groups to incorporate into their pro- support. CTSA depends on its re-
posals. viewers’ feedback to help develop

In September, the Program Re- projects that address the most im-
view Delegation will meet for one portant needs of aquaculture in the
last review of the proposals and to region.
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( )
Center for Tropical and Subtropical Aquaculture

The Center for Tropical and Subtropical Aquaculture (CTSA) is one of five regional aquaculture cent:
the United States. Established by the U.S. Department of Agriculture, the centers integrate individul
institutional expertise and resources in support of commercial aquaculture development. CTSA
established in 1986 and is jointly administered by The Oceanic Institute and the University of Hawaii
CTSA offices and staff are located at The Oceanic Institute’s Makapu‘u Point site on windward Oal
Board of Directors is responsible for overseeing the programmatic functions of CTSA.

The mission of CTSAis to supportaquaculture research, development, demonstration and extension ec
to enhance viable and profitable U.S. aquaculture. Unlike the other centers, which work within a de
geographical region, the CTSA “region” encompasses tropical and subtropical species wherever th
cultured. Research projects span the American Insular Pacific, using its extensive resource base to r
needs and concerns of the tropical aquaculture industry.

Eachyear’s programis developed by CTSA'’s Industry Advisory Council and Technical Committee, refle
the Center’s mix of commercial and scientific expertise. Council members represent financial institu
aquaculture and agriculture enterprises, government agencies, and other business concerns. The T
Committee includes researchers, extension agents, and fisheries officers. Both committees include re
tatives from American Samoa, the Commonwealth of the Northern Mariana Islands, the Federated St
Micronesia, Guam, Hawaii, the Republic of Belau, and the Republic of the Marshall Islands. For fu
information on the CTSA program, contact Cheng-Sheng Lee, Ph.D., Executive Director, bygii&)ne
259-3107,by fax at(808) 259-839%0r by email atclee@teligentmail.com.
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