
Message from the President

Dear AES Members,

I hope everyone had a productive, yet relaxing 
summer.  It feels like my tenure as President 
just began, however, it is half over.  Thus, it is 
a good time to remind everyone that the future 
growth of our society will depend on recruit-
ing new members onto our Board of Direc-
tors.  Board of Directors terms are two years, 
with new members taking offi ce at the annual 
Aquaculture America/World Aquaculture Soci-
ety meeting.  The Aquaculture America 2005 
meeting will soon be upon us.  Therefore, I 
encourage you to think about your fellow AES 
members and nominate them for Board posi-
tions.  You can nominate yourself or someone 
else by sending a name and a brief description 
to the Nominating Chair, Mike Timmons (Past 
President, mtb3@cornell.edu).   

The highlight for the aquacultural engineering 
sector this summer was the 5th International 
Conference on Recirculating Aquaculture, 
held in Roanoke, Virginia, July 22-25.  There 
were 274 registered participants representing 
17 countries.  Additionally, there was a great 
diversity in the topics presented, providing 
testament to the growing interest in aquacul-
ture around the country.  Dr. George Flick and 
his associates did a wonderful job coordinat-
ing this conference, and deserve a thank you 
for a job well done.  

Membership

As I stated in my fi rst President’s message, 
membership recruitment is a major objective 
of my tenure.  AES currently has 234 paid 
members, with an estimated 30 or so renewals 
yet to be submitted.  This would put us at our 
highest membership level yet.  On the heels of 
this success, I would like to see our member-
ship numbers top 300 in 2005.  I appreciate 
the efforts of everyone who has solicited new 
members. I want to remind everyone that we 
do have a new category for students (free 
membership at the $25 level).  So, if you have 
students that are not currently members, get 
them signed up.  We have two levels of mem-
bership; the standard $88/year membership, 
which includes the Journal of Aquacultural 
Engineering and the $25/year membership, 
which does not include the journal.  Either 
membership level is a bargain when you 
compare the cost to some other professional 
societies.  Your membership provides valuable 
support to AES.  So, I encourage you to re-
cruit your friends and colleagues who have not 
found the time to become member yet.  You 
can register online (www.aesweb.org).  

Updated Website

If you haven’t visited the AES website in awhile, 
I urge you to do so.  One of the benefi ts of be-
ing a member is the “Members Only” section.  
This section has evolved over time in response 
to feedback from our members.  However, in 
looking at the number of hits, it appears that 
members are not taking full advantage of this 

feature.  The “Members Only” section provides 
valuable worksheets and models presented at 
past conferences, updated membership lists, 
discussion board, etc.    

Mr. Oliver Schneider (OliverSchneider@wur.nl) 
is our current webmaster.  Oliver has worked 
to make the website more relevant and acces-
sible.  Please take some time to evaluate what 
you see on the website and send your com-
ments and suggestions to Oliver.  Feedback is 
our only way to make this service continually 
better.  

Upcoming Conferences

“On November 8-11,2004, the Oceanic 
Institute,in cooperation with AES hosted a 
workshop entitled “Design and Selection of 
Biological Filters for Freshwater and Marine 
Applications ”.This important and timely work-
shop focussed on the development of a set of 
standards for the design and evaluation of bio-
logical fi lters.”  As you recall, AES’ Standards 
and Reporting Task Force was reconstituted 
under the guidance of Dr. John Colt.   For 
more information on the workshop or becom-
ing involved with the committee, contact Dr. 
John Colt (john.colt@noaa.gov).

In an effort to continue the expansion of our ac-
tivities within the international arena, Dr. Jaw-
Kai Wang has graciously agreed to coordinate 
an AES session on Recirculating Systems for 
the World Aquaculture Society meeting, May 
9-13, 2005 in Bali, Indonesia.  
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AES Sessions at Aquaculture America 2005 
New Orleans, LA
January 19th, 2005

Morning Session:

Session 1: Design and Operation of Biofilters

   (Moderator – Kelly Rusch)

8:30 Design And Management Of Conventional Fluidized-Sand  Steve Summerfelt

  Biofilters 

9:00 Application Of Microbead Filters     Mike Timmons

9:30 Review, Design, Performance And Operations Of Rotating   Brian Brazil

  Biological Contactors In Recirculating Aquaculture Systems

10:00 Break

10:30 Review Of Design And Operations Of Fine Media Fluidized Bed  Dallas Weaver

  Biofilters For High Quality Water Requirements

11:00 Performance Characteristics Of The Floating Media   Tim Pfeiffer

  Bioclarifier Within A Recirculating Aquaculture System

11:30 Photosynthetic Suspended Growth Systems   John Hargreaves

12:00 Lunch

Afternoon Sessions:

Session 2: Standardized Evaluation and Rating of Biofilters

   (Moderator – Barnaby Watten)

1:00 Comparative Performance Of Fixed-film Biological Filters:   Barnaby Watten

  Application Of Reactor Theory

1:30 Standardized Evaluation And Rating Of Filters: A) Design   Ron Malone

  Approaches And Problems

2:15 Standardized Evaluation And Rating Of Filters: B) Manufacturer’s  Douglas Drennan

  And User’s Perspectives

3:00 Break

Session 3: Intregrating Systems Engineering with Fish Genetics  

   (Moderator – Brian Vinci)

3:30 Genetic Improvement Of Rainbow Trout And Evaluation Of   Jeff Silverstein

  Performance In Different Types Of Fish Culture Systems  

3:50 Systems Engineering For Food Fish Production    Brain Brazil

4:10 Genetic Approaches To Integrating Hatchery And Natural   TBA

  Salmon Production 

4:30 Design Of Restoration Hatcheries For Salmon    Brian Vinci
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 By Brian Brazil

 
The level of effluent treatment that can be  
reasonably applied to fish culture waters and/
or an aquaculture waste stream is depen-
dent on the volume and concentration of the 
contaminant(s) within the waste stream.  This is 
particularly important as aquaculture facilities are 
increasingly applying water reduction strategies 
and face more stringent discharge standards.  
Effluent quality standards primarily target solids 
and dissolved nutrients (carbon, nitrogen, and 
phosphorous), as these constituents can lead 
to the rapid deterioration of receiving streams.  
Dissolved nutrients in effluents from flow-
through facilities (FTF) are difficult to remove 
due to the tremendous flows containing very 
low concentrations.  However, the develop-
ment and implementation of best management 
practices have significantly improved discharge 
quality.  Solids capturing (via quiescent zones 
or micro-screen filtration) and off-line storage 
has helped facilities realize effluent discharge 
reductions in solids concentrations and dis-
solved ammonia and phosphorous (MacMillan 
et al., 2003.)

In contrast to the large and dilute volumes of 
FTF effluent, the discharge from recirculat-
ing aquaculture system facilities (RASF) is 
typically smaller in volume and contains higher 
concentrations of waste solids and dissolved 
nutrients.  At RASF, fish culture water is me-
chanically filtered and biologically (nitrification 
– conversion of ammonia to nitrate) treated 
before being returned to the culture tanks.  
This ensures that conditions exist to facilitate 
fish growth rather than relying solely on fresh 
water replacement to maintain a high-qual-
ity rearing environment as is the case in the 
flow-through systems.  This allows freshwater 
replacement volumes, under the most conser-
vative water use strategy, to be limited to that 
which is required to remove solids from collec-
tion devices and replenish evaporative losses.  
Under less conservative production strategies, 
make-up water is used to enhance the culture 
environment, dilute dissolved organic con-
stituents, and/or maintain water temperatures.  
Reducing the water replacement rates at a 
RASF leads to the accumulation of dissolved 
compounds within the culture system water 
and produces a low volume, highly concen-
trated waste stream.  With respect to nutrient 
accumulation in the culture water, nitrate-nitro-
gen was shown to negatively impact fish health 
at concentrations greater than 200 mg/L (Hru-
bec et al., 1996).  Phosphorous is more of a 
problem than nitrate-nitrogen once discharged 
to freshwater streams, however, the regula-

tory atmosphere is moving to limiting nitrogen 
inputs as well.

Denitrification has been shown to be an effec-
tive tool for removing nitrate, nitrite and some 
phosphorous from aquaculture waters (Balder-
ston and Sieburth, 1976; van Rijn and Rivera, 
1990; Arbiv and van Rijn, 1995; Menasveta et 
al., 2001).   In addition to nutrient removal, a 
by-product of this process is the production of 
alkalinity as HCO3 (bi-carbonate, the primary 
pH-stabilizing component in culture waters).  
Approximately 50% of the alkalinity consumed 
during nitrification (7.1 g alkalinity consumed 
per g NH3

+ oxidized to nitrate) is regenerated 
during denitrification (3.5g of alkalinity gener-
ated per g of NO3

-).  

Biological denitrification is the microbial con-
version of nitrate (NO3

-) to nitrogen gas (N2) 
or ammonia (NH3

+).   Denitrification occurs in 
oxygen-limited environments (O2 concentration 
< 1 mg/L) as facultative heterotrophic bacteria 
(microbes capable of utilizing oxygen or nitrate) 
utilize nitrate as the electron acceptor to me-
tabolize carbon and available energy sources 
to generate microbial biomass.  Nitrate can be 
reduced to either ammonia via the assimilative 
pathway or to nitrogen gas via the dissimilative 
pathway (Figure #1).    Microbial growth requires 
a nitrogen source, which is most often obtained 
from ambient ammonia molecules.  However, 
if a sufficient amount of ammonia is not avail-
able, the microbes can utilize nitrate as a nitro-
gen source.   Alternatively, denitrifying bacteria 
produce ammonia via the assimilative pathway 
that then serves as the nitrogen source during 
denitrification.

Three intermediate nitrogen species (nitrite, and 
nitric [NO](gas) and nitrous [NO2](gas) oxides) are 
formed during the denitrification process, which 
can be toxic at elevated levels.  Fortunately, ni-
tric and nitrous oxide species rarely accumulate 
to measurable and/or problematic concentra-
tions.   Nitrite, on the other hand, can be more 
problematic in the culture water as it converts 
hemoglobin, the oxygen-carrying component in 
blood, to methemoglobin.  This transformation 
reduces the oxygen carrying capacity of the 
blood, which limits normal biological and meta-
bolic activity of the fish.  This resulting condition 
is known as “brown-blood” disease. 

The production and accumulation of nitrite is 
often referred to as incomplete denitrification 
and can be related to several factors includ-
ing the initial nitrate concentration as well as 
the carbon source, or the initial carbon to ni-
trate ratio (van Rijn and Sich, 1992; Æsøy et 
al., 1998).  To ensure complete denitrification, 
a carbon resource that serves as the electron 

donor and energy sources must be available in 
sufficient quantity to fuel the process.  Carbon 
source requirements can be met by adding 
exogenous compounds such as alcohols and 
volatile fatty acids (VFA) in the treatment stream.   
At industrial and domestic wastewater treat-
ment facilities where denitrification is routinely 
conducted, methanol is the most commonly 
used amendment.  In aquaculture, however, an 
endogenous or derived carbon source (com-
pounds produced during biological digestion/
fermentation of carbon-based particulates) is 
preferable because it would be potentially less 
costly than VFAs and would not have special 
handling requirements or possess the toxicity 
of methanol. 

It has been suggested that endogenous dis-
solved and/or particulate organic carbon 
constituents accumulating in the recirculating 
system can support “passive” denitrification 
within the culture system.  Solids collected 
and stored in various system components 
(particularly in sumps or in pipes with low fluid 
velocities) decompose and leach compounds, 
possibly organic acids that are readily con-
sumed by denitrifying bacteria.  Thoman et al. 
(2001) attributed losses of isotopic nitrogen 
ranging between 9 and 21% to spontaneous 
denitrification (not directly quantified) fueled 
by ambient carbon sources during a nitrogen 
balance in a laboratory-scale RAS.  Engineered 
denitrifying systems supported by ambient car-
bon sources within fish culture waters achieve 
low nitrate removal efficiencies and produced 
elevated concentrations of nitrite in the exit-
ing stream.  These low removal rates resulted 
from the carbon materials not being present in 
sufficient quantity or in an appropriate form to 
ensure complete denitrification (Balderston and 
Sieburth, 1976; Arbiv and van Rijn, 1995).  

To improve the performance and reliability of 
the denitrification process in RAS, research has 
focused on controlling the generation of carbon 
sources.  Anaerobic digestion of the aquacul-
ture waste steam prior to biological treatment 
has significantly increased denitrification rates 
and process reliability.  During digestion, waste 
fish solids (uneaten food and feces) are first 
broken down into macromolecules that can 
then be further transformed into volatile fatty 
acids (acetic, propionic, butyric, and valeric).   
This digested material has been shown to sup-
port consistent denitrification removal efficien-
cies between 75 and 100%, with performance 
being strongly tied to the feed composition (the 
relative concentration of each VFA) and the ra-
tio of inlet chemical oxygen demand to nitrate 
(COD:NO3).  van Rijn et al. (1995) determined 
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that nearly 4 grams of COD were generated for 
every kilogram of feed digested.  

COD is a water quality parameter that most 
often used to quantify the mass of potential 
carbon constituents available to fuel denitrifica-
tion.  Generally, a minimum inlet COD:NO3 ratio 
of 5 is required to achieve at least a 90 – 95% 
nitrate removal rate, but it is often adjusted 
to maximize the denitrification process as the 
operation of the anaerobic digester influences 
the quantity of utilizable COD (specifically VFAs) 
produced.  It is recommended that a ratio of 
10 not be exceeded, as the excess carbon 
may not be consumed within the filter and lead 
to deteriorated water quality conditions if not 
removed before reintroducing the water to the 
culture tank or discharging from the facility. 

In aquaculture, denitrification filters are typi-
cally configured as submerged (both static and 
fluidized) beds.   Removal rates ranging from 
300 to 1534 mg NO3-N per m3 of media per 
min (equating to 0.4 to 2.2 kg nitrate/day) have 
been obtained with performance differences 
related to the influent carbon source.  Anaero-
bic digestion of fish solids prior to denitrification 
supported the highest removal rates.  Relying 
solely on ambient carbon sources resulted in 
the lowest removal rates and produced nitrite 
in the effluent.   Hydraulic retention times within 
such reactors ranges between 15 and 30 min-
utes. 

Denitrification treatment systems can be incor-
porated in RASF using several strategies and/
or configurations.  Denitrification can be incor-
porated into end of the pipe treatment systems 
to improve the quality of a facility’s discharge.  
These systems have also been employed to 
reduce make-up water requirements within 
individual recirculating systems.  In such an 
instance, filtration would be conducted within 
the main process flow following nitrification.  An 
alternative strategy has been to use a single 
denitrifying filter to treat culture water from 
multiple systems.  Under this scenario, nitrate 
removal is conducted as a side stream treat-

ment with respect to each system.  Another 
potential configuration could be used to reduce 
freshwater requirements for aquaculture related 
activities facility wide.  Here, the waste stream 
from the facility is treated to the point that the 
water can be recycled and used as replace-
ment water through the facility. 

In conclusion, denitrification systems provide 
an effective means of controlling nitrogen and 
potentially phosphorous within recirculating 
systems as well as within the effluent from 
recirculating aquaculture facilities.  By utilizing 
anaerobic digestion in conjunction with the 
denitrification process, a facility can realize a 
reduction in the mass of solids that require final 
disposal while achieving the desired nitrogen 
removal.  Other possible advantages include 
the generation of alkalinity, reduced water and 
wastewater treatment costs (when services are 
supplied by local municipality), reduced ground-
water demand, as well as reduced energy costs 
with respect to water tempering resources.
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Figure 1. Schematic depicts the reductive pathways utilized by facultative bacteria during denitrification.
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AES Information
The AES News is printed quarterly by the 
Aquacultural Engineering Society.  You 
can receive the AES News by joining the 
Aquacultural Engineering  Society.  If you 
would like to discuss the contents of the 
AES  News , or, if you would like to contrib-
ute information to the AES  News , please 
contact the editor: 

KC Hosler P. Eng
PRAqua  Technologies Ltd. 
1635  Harold Road  Nanaimo,  BC, 
V9X 1T4  CANADA 
ph: 250-714-0141 | fax: 250-714-0171 
info@praqua.com

Th e AES is looking for sponsors within the aquaculture industry to support the cost of producing 
the AES News. Th e sponsors listed below have donated generously to support the AES in 2004.  

USA Offi ce: 
126 Sunset Drive, 
Ithaca, New York 
14850
ph: (607) 255-1630, 
mbt3@cornell.edu

CDN Offi ce: 
606 Evergreen Ave. 
Courtney, BC, CA, 
V9N7N5
ph: (250) 897-1334, 
jholder@island.net

Aquatic Eco-Systems, Inc.  
 2395 Apopka Blvd.
 Apopka, FL  32703 
 ph: (407) 886-3939
 fax:  (407) 886-0800
 aes@aquaticeco.com
 www.aquaticeco.com

Aquatic Habitiats™
 2395 Apopka Blvd.
 Apopka, FL 32703
 US, toll-free (877) 900-AHAB (2422)
 ph: (407) 866-7575
 fax: (407)886-1223
 ahab@aquaticeco.com
 www.ahab.com

Aquaculture Systems Technologies, LLC.
 108 Industrial Ave.
 New Orleans, LA  70125 
 ph:  (800) 939-3659
 fax: (504) 837-5585
 info@BeadFilters.com
 www.BeadFilters.com

Water Management Technologies, Inc.
 P.O. Box 66125
 Baton Rouge, LA  70896
 ph:  (225) 755-0026
 fax:  (225) 755-0995
 info@w-m-t.com
 www.w-m-t.com

Aquaneering, Inc.
 8280 Clairemont Mesa Blvd.,
 Suite 117
 San Diego, CA  92111-1708
 ph:  (858) 541-2028
 fax:  (858) 541-2048
 info@aquaneering.com
 www.aquaneering.com

YSI Incorporated
 1725 Brannum Lane
 Yellow Springs, OH  45387
 ph:  (800) 897-4151
 fax:  (937) 767-1058
 environmental@ysi.com
 www.ysi.com

www.holdertimmons.com

Holder Timmons Engineering  Ltd.

Aquaculture America 2005 is to be held 
in New Orleans, January 17-20. AES will 
again host a 1 day workshop/technical 
session.  For more information on the 
workshop, see the enclosed schedule or 
visit the World Aquaculture Society website 
(www.was.org).

As you can see, AES sponsors several 
activities throughout the year and provides 
many opportunities for its members to be-
come involved.  If you have been sitting on 
the sidelines watching, now is the time to 
enter the game; get involved and help AES 
continue to grow.

See you in New Orleans,

Kelly
Kelly A. Rusch, President

Aquacultural Engineering Society

Caught at the Fift h International Conference on Recirculating Aquaculture in Roanoke, VA
are the current AES President and four AES Past-Presidents (from L to R) Dr. Fred Wheaton
Dr. Michael Timmons, Dr. Kelly Rusch(current president), Dr. Steve Summerfelt, and
Dr. Barnaby Watten

Printing & Design By
Mountainmecca Design Inc.

108-671 Beach Road,
Qualicum Beach, BC
Canada  V9h 2h7

Tel: 250•752•0597
Fax: 250•752•0587
www.mountainmecca.com



2003 Income Tax Filing
Note from the Secretary/Treasurer: As a non-profit 501c6 organization the AES filed a federal tax return for 2003. If you have an questions 
about the information submitted in the AES tax filing please contact AES Secretary/Treasurer Brian Vinci at b.vinci@freshwaterinstitute.org.
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The people at PRAqua make aquaculture production
goals a reality with water treatment solutions to improve
the bottom line. Contact us to improve your bottom line.


