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T his bulletm 151ntended to descnbe the basnc prmaples of bloﬁltratlon as they\apply to aqua-‘f E’_ : \
-culture and discuss. :some of the generaltzed biofilter designs. In addmon, examples are. . n

ngerrWhlch show some of the uses for biofilters in aquaculture Throughout this bulletin, the :
term recirculation system is synonymous with bloﬁlter system but not ‘water reuse systems M
- whichdo not necessanly employblofﬂters Do T ‘-_ e -_ I e

here is not enough mformatlon in this pubhcauon to enable a novice to des1gn and con- ;i
struct a money—makmg biofilter system. However, suff1c1ent information i Is given so that .- o
~ the reader will be able to talk to knowledgeable individuals about blofllter systerns and to- . )
V QHestlon dealers about the efﬁc1ency of prepackaged el ‘ R
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Interest in the use of water recrrculatlon for aquaculture began in the early 1960’s, when
demand for fingerling salmon began to exceed the amount of flowing water available for

their rearing. At this time, it was also recognized that fish hatcheries were the source of -

~ considerable organic pollution i in streams and rivers in the northwestern U.S. Therefore -

the federal government initiated studies to determine the feasibility of utilizing waste-water .

treatment technology in fish culture (Burrows and Combs 1968; Liao and Mayo 1972).
. The concept of water recirculation’is basically a modification of waste-water treatment uti-

lizing particulate removal (prlrnary treatment) and nitrification (tertiary treatment) Nrtrr—- .

fication is the process by which ammonia, which is toxic to fish at low concentrations is

- converted to mtrates whtch 1sre1at1vely non-tmuc The mtrlﬁcatzon process wﬂl be drs- L
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There are: ﬁve ma_]or advantages that recrrculatlng aquaculture systems have low water
requirements, fow land requirements, the ability to control temperature the abtllty to

’: -

control water qualrty and 1ndependence from adverse weather condmons e s
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Low Water Reqmrements L L :j-.:

g

A properly desrgned and operated recrrculatmg system should requlre ltttIe water just; - :'_: C

"enough to clean particulate waste filters and to- Teplace water lost to evaporanon Thls
permrts construction of aquaculture facilities in areds where ground water is limited and -

- chlorinated city water. The production facility ¢ can thus be located close to the market, For

N example, a rec1rculatmg system which produces’ the same poundage of fish as- 1000 acres- of
- ponds (about 4.8 million- pounds of fish) would requlre ‘about 4000 gallons of fresh water
=7 each day or 1. s nullron gallons per year. HoweVer to fill 10_00 acres of ponds averagtng 5
e ” feet in depth you would need 1. 6 bllhon gallons Ef water Sk \ o s ‘-

Low Laud Reqmrements P S P TR
and metabollc wastes (ammonia) removed with flowing water, they can be held at ex- -

- ‘tain is 1 pound of fish per gallon of water.- However many people consider 0.5 to 0.75

, Smce fish ina recxrculatmg system are reared in tanks with oxygen mechanrcally supphed,.

- pounds of fish per gallon of water acceptable. In pond aquaculture, the common maximur -

densrty is about 0. 003 pounds of fish per gallon of water, 'I'herefore a recrrculatlng system T
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el AdvantagesofRecculatng Systems

s <-even opens-the" possﬂ)xhty of an operatlon belng located in‘an urbdn area and utrlizmg de- : SR

'_itremely high densities.- Currently the target which designers of systems are striving to ob- ‘v



can be located in areas where large amounts of level land are not avallable The low land o _
~ _ requrrement also permits the facﬂtty to be located in-areas where the soil cannot hold L
o water or, agam,murban areas. .- . o R P
T Lo RN . o )
D e - - . e )
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= The low water requrrement of recrrculatmg systems opens up the pos:ubthty of economi- :_"_ o
. cally controllmg temperature This capabrhty is the greatest beneﬁt of these systems. .
’ Control of water temperature aIlows the aquaculturlst to produce species which could not -
normally be ratsed ina glven area It also pernuts the water temperature tobe’ mamtamed
"'at the optunum level'to xnaxmuze food couversmn aud prov1de optimum growth Growth R
..¢an also occur throughout the year; ma.xmuzmg productron and a]lowulg rapid turniover of .l
: " the product. In' theory, marketmg of the product is. also euhanced smce ﬁsh can be sup- T
R phed each week e Rt e L T e

B y rearmg the ftsh 1ndoors the cultunst is-no longer lmuted by weather condmons A ';j T
sudden cold spell can wipe out a years production by killing the larval fish or dlsruptlng ERS

: the normal spawning of the broodftsh In addition, pond culturists'can loose theircropto - - . ..

.. low oxygen during the summer and wmter. Having the fish indoors also peruuts harvest at %

any tune whereas heavy ram or. snow would stop the harvest of pond ﬁsh AR
Contro] ol‘ Water Quahty S x, r‘“' e e s o R ' )

Wlth rec1rculat1ng systems ‘the aquaculturlst has the opportumty to control water quahty, )
both to the benefit of the fish-and to the final product.‘ By mamtauung dtssolved OXy- -

: gen at optimum levels, the fish will have better food conversion and be less stressed, thus_ ‘f. -
o . leading to greater disease resistance. In addition, the fish are isolated from potentlal efivi- T

~ . ronmental contaminants such as off-flavor, caused by some algal growth and any poteutlal e
s0il polluuon resultmg from run-off or resrdual pest1c1des ‘This results in a clean, quahty

product CT e e T el e T e e
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i Potential Uses o‘t_‘;Biof‘ilter Systems ™ ~- - e oo

Because of the advantages fi sh culture systems mcorporatmg bloﬁltratlon have over pond_ o

culture, they can be utilized for special applications in addition to intensive food-fish : o
productlon Among these are 1) overwintering of warmwater fish or shellfish, 2) training of RS
ﬁngerlmg ﬁsh to accept commerc1a1 feeds 3) rearmg of dehcate larvae 4) comblmng ﬁsh - :
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SN culture with hydroponic végetéble prﬁdﬁctib‘h 5) pfoduétidrf of specﬁlty produéts, and 6) - |

- ‘ sold directly in the case of threadfin siad). Because small individuals are involved, and
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- holdjng of aquatic organisms for. sale.

, In temperate regions such as the midwest, certain species of fish and shellfish can grow
.+ ".adequately during the summer but suffer thermal stress and die during the winter. In-- -
- cluded in this group are threadfin shad, tilapia, and the freshwater prawn (Macrobranchi- -
.- 'um). Threadfin shad, although not a food-fish, has high market potential for sale to pond =
= _and lake owners as a source of forage for predatory sport fish'(Heidinger et al. 1983). - =

_ .. Large numbers of fingerling fish can be held in heated recirculated systems during the win-
~- -ter and then transferred to grow-out ponds when the pond temperature is adequate (or.

.

._- - 1apid growth is not critical for this purpose, relatively small system can be used for this

. 7 tilapia, freshwater prawns and other exotic species. In states like Illinois, the Department: "

© =0 effects to native fauna and flora by escaped culture organisms. - LY A

- ertain species of fish such as largemouith bass, walleye; and stripied bass do not readily *

# sities in tanks and subjected to a training process to‘get them to-accept commercial feed. =~ i
Greater success in the training process is achieved when optimal temperatures and dis- » ~ -

—

~solved-oxygen conicentrations are main ained. Therefore, arecirculating system becomes

© -.- > attractive as a training facility because of the ab'il,itjftgqcontrbl_'ﬁem_peratlj_rg; T e

- :;:;,1981;' Sutton.and Lewis 1982) have g_iven"positiVe‘i'esu,lt‘s,-‘with the fruit grown in fish cul- - i ':i,;_ ~
e ture water ranking much higher than that grown only with chemical fertilizers. However, in* " -~
.7 such.a system, the optimum conditions for rearing the fish must closely match those of the '

T P
-t an

- Since the biomass of'the fish is small during their early life stages, a large number can be>: - o

“indoors and then stocked into grow-out ponds when temperatures warm. These fish would "/

sthen have 3 1-2 month jump on fish spawned locally; .- -7/ "7 T La D
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Oncof the pfir-,lcffiléi;vz@_st__é p}i)dﬁcté"‘foﬁndjfn;bricﬁ[t;éféa fishculturesystems 1s hfu%ité; .— S |
. This nitrate could be utilized for the production of hydroponically grown vegetables.. - . BT
“Several studies conducted it the SIUC Fisheries Research Laboratory (Lewis'etal: 1978, " -

Rfeci_r'cuj_ating;,'biOfiltered=fish culture systems also have a definité advantage whenrearing .
-7 the delicate larvae of some fish species; suchas walleye, striped bass and the hybrid -~ - .
7w+ striped bass, and the pikes. At hatching, larvae of thése fish can be as small a5.0.25 inches ~ ~ |
v longand incapable-of swimming. If stocked into ponds at this time, they can settle to the= * *- -
-bottom and suffocate in the mud.- They are also very vulnerable to predation from aquatic: - ol
-insects and to sudden cold spells. Therefore.recifculating systems have beenused to rear-. . - -
 these fish. In addition, by tearing larvae andsmall fingerlings in a recirculated system, the - . -
~culturist can potentially get ari early:start in the production of these.and other species. - Lo

- rearéd in a relatively ‘small system. Thuslarvae obtained from the south couldbe réared:”. ;. -

S ‘application. It should be noted here that special permits may be required for the culture.of - e

=+ of Conservation will review permit requests for these species rigorously fo prevent adverse -~ - -

© “accept commercial feeds. Fingerlings of these species miist be concentrated at high den-. - -

] - plants. A balanced syistem"willfprodu_:cvé much higher yields of fruit or vegetables than fish. ‘ i
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B ecause of the tlght controls over temperature and water. quallty avallable wrth a recucu- :
lated fish culture system, they can be utilized for the production of various specialty
products such as soft shell crawfish and for rearing larval, freshwater prawns. ‘Soft-shell -
) . crawfish production is occurrmg in bloﬁltered systems on alarge scale. Pre-molt crawfish g;'. T
- © are harvested and: p]aced ina system mamtarned at the optimum temperature., Careful - U

momtonng and shallow trays allow the  growers fo harvest the recently-molted crawﬁsh at
" the 1deaI tlme Ry :_ _,;-f»';_‘.z L. '_1,. e . :

v‘—‘-
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‘ o ,;The\low water requlrement of blofiltered systems also allows producers to Tear small )

' il quanntles ‘of animals in salt water far frorn the ocean. “This makes the culture of fresh-
. -water | prawns feasible, since the prawns only requ:re salt- Water dunng the larval stage -
iy fldult prawn females whlch are canymg eggscan ‘be transferred tod remrculatmg salt.

> water system. 'I'here, the eggs hatch' and the'larvae: reared until they can tolerate fresh :
) water _They can: then be stocked into ponds ora standard freshwater systern. Because of :
- 2% 'the short, time that salt water is requrred and the small size of the _prawmlawae thlssystem :

can be relauvely small ERL N “‘r ‘-';"E";\--'

thlrd spec1a1 usé for rec1rculatmg ﬁsh culture systems is for the mamtenance and off- 5
~season spaang of broodfish.. The abthty to.control temperatures and photopenods m

these systems permlts the producer to supply larvae and ﬁnger]mg fish through-out the
year T TSR L TR e

;\._
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Bloﬁlter systems also have apphcatlon for the contmuous ‘but short—term holdmg of e

aquaticlife. ‘These systems are used by the. wholesale and retail bait industry to.hold- ~ © 7~
© minnows, crayfrsh and other bait organisms at hlgh densrty unnl sold. Bloﬁlter systerns are A
also the pnrnary means of ho]dmg ﬁsh in the aquarlum trade ' :

There are numerous des1gns for aquaculture systems utlhzmg b1ofiltrat10n, rangmg from
7 simple | tank—baoﬁlter to hrgh tech desrgns with computer control. However, all systems %
have certain basic components “These components may be separate pleces or several may e
~ be integrated into.a smgle unit~ All systems need a water supply, tanks to_ rear ‘the fish.i ina ° L
- method of- Temoving partrculate waste, the biofilter, a ‘method to re-oxygenate the water R
and a method to move the. water. Inaddition, there are numerous support facilities whlch ' i
. must be considered, including; the building to house the facility, the heating or coollng sys= v
-tem (heat the water or the room), food storage facilities, quarantme facilities, pre-rnarket PN

. holding facilities, transport facilitiés, and back-up equipment. In a recifculating system . eed T
- back-up equxpment (pumps air blowers electrlc generator) can never be con51dered as op- LT
tlonal o B S D N




. Water Supply |

lthough water reuse wrth bxot“ ltranon greatly reduces the quantrty of water needed for
‘aquaculture, a certain amount of fresh water is-required.. The major use of water in re-

' circulated systems is in backwashing particulate filters. Other uses are to replace ‘evapora--
* tive loss and biofilter cleaning. When sufficient water is available, some aquaculturists will

e  "purge” their fish with cool, fresh water before market to improve flesh quahty Therefore
_ the amount of water requtred will vary dependmg on individual need ool e

\ ama, iron, and salt. Moderately hard water with methly-orange alkalinities above 200

L
-

T

'l water. S B U

LT o
s

' thIl is necessary Lo N S

tanks are vrrtualIy self- cleanrng R

The rdeal water supply would be one with no contammants erther 1ntroduced or natural
Among the common natural contarrunants are carbon dloxrde, hydrogen sulﬁde, ammo-
- mg/Liter will assure adequate bufferlng for the.acids produced in a biofilter. In small to .
“moderate systems, the potential for using potable crty/water is: feasrble The chilorine can be
- reinoved with charcoal’ frltration or chem1cally, with soditm thlosulfate However thrs wrll

N result in some additional cost. The "ideal” water would also havea temperature near the .

optlrnum for the spec1es ot‘ fish bemg reared to reduce the costs of heatmg or coolmg the -

¥
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FishTanks =~ = .o - Sy EDS A

The type of tank suited to a partlcular aquaculture system wrll depend in part, on the
species bemg reared. Other considerations include the amount of space avarlable and

" the budget.. Commontank shapes 1nclude long, narrow raceways or troughs square or

rectangular tanks, and circular tanks.” Constructlon materlals mclude concrete block and

mortar ﬁber glass stamless steel and coated steel o h e

Raceways are the easwst type of tank to harvest and they do allow separanon of several .
- groups of fish by screemng them into’ compartments However, they can develop areas ] ',

r;.'_ _of low flow with resultant poor water quality. In addition, fish:in the lower: enda(farthest
~from the i mcorrnng water) are often exposed to consrstently poor water quahty Pl

Square or rectangular tanks although the most space- effi crent tend to develop dead e .'
areas in the comners.. ThlS type of tank is also not suited to some species-of fish. Pelaglc L L

ﬁsh such as strlped bass or hybrrd strrped bass tend to bump 1nto the corners in. therr actrve
swrmmmg T - e : T el E

\",‘; T JRRRS

A

C ircular tanks waste ﬂoor space, requrrmg more ﬂoor space per gallon of water Thts

type of tank is also somewhat more difficult to harvest. However, the: c1rcular flow pro- P

“duced in them eliminates any dead areas. Also when larger flSh are bemg reared these

L . . . p/

W

ank construction matenals are usually constramed by budget However a defimte ad
-vantage to fiber glass tanks is the ablhty to move them zf a change in system configura-

6  Biofiltration.....Bulletin 9,1



N "’amounts ofwater or energy to operate. B I VA e -

B

_f; should be removed from the water raprdly since 1t can be a major source of poor water
- quality and is.the source. of most biofilter: problems Parttculate waste can contain 70 per-' -
- centof the mtrogen load'in' the system (Liao and Mayo 1974) If this material enters the " :
-7 biofilter; it can cause: problems in several ways, The partlculate waste can clog the blofil-
.. ter, resultingi in low water flow through the filter of. causing the mtrlfymg bacteriato die =~
-~ +from lack of ¢ Oxygell. Parttculate waste entermg the biofilter. can also cause the growth of

5, -

The size of the rear1ng tanks will depend on your operatmg ptan Ideally, a tank whleh
holds one "harvest unit” would be best. For éxample, if your plan of operation called for

_heterotrophic bacteria wh1ch produce’ ammonia while dtgesttng the wastes. The part1culate ©

- - the harvest of 2000 pounds of fish per week, at 1 pound per gallon, you would need a tank "< -

- holding 2000 gallons. -However, this does not imply that fifty-two 20(}0-gallon tanks are - !
. needed (1 tank per week). . The number of tanks needed will depend on the- growthrateof ', ...
. -_,the species bemg cultured. Smaller fish would be held at greater densmes (number of fish - o
o per gallon) and only spread to more tanks asthey grow R S T < -

- removal system is the key to a successful rec1rcu1at1ng fish culture system e e St

ot e .
Ty .

Numerous means are avatlable to remove partlculate waste However there is sttll a

search for a more efficient method. An efficient system should remove as much of the

waste as poss1ble and cancentrate it for easy removal It should also not requlre large

“r

' uses consrderable water wh1ch must be. replaced and heated (wluch COSts money)

- Several recent de51gns of filters are currently bemg used i in remrculatrng systems mclud- S

. 7 , Biofiltration..... Bulletm91 ' e C T S

!

ecently, nnprovements have been made to the ortgmal setthng basin. By addmg a senes ‘:-;_.f-"
o ~of vertical plates or tubes, the efficiency has Jimproved, thus allowmg significant reduc- o
" - tions in size. These frlters have been shown to be effective on smaller systems. However, ~ .« -

'there have been reports that producnon 51zed umts "did not adequately clar1fy the water

ing hydrocyclones, rotatrng screens, and triangle screens. Some of these have shown po- _

1 tential. Hydrocyclones are a conical type of filter in which the water spins down, forcing

the part1cles 1o the side by centrtfugal force. Although effective, these filters waste a lot of
water since they contmually discharge concentrated waste. Rotating screen filters are used
by industry to effectively remove particulate waste froi water. When used i in aquaculture

“they rapidly clog from organic growth This necessitates frequent back-washing which

wastes water: Trlangle screen filters are designed around a slanted flate screen plate. The

* wastewater passrng over the screens pushes some of the paruculates whlch collect on the N

Early methods for’ removmg partlculate waste were through the use of settlmg basms or .l, -

.~ -through sand. filtration. Settling basins require alarge area. (Davis 1977) recommends” fe '";
230 minute retentton trme to allow the soltds {o settle.. Thus for a system moving 500-gal- *
<~ lons per mmute a settlmg basm holdlng 15, 000 gallons would be required. Sand filtration,. .
':-:although more compact and more effi ctent, requires frequent back—washmg Back- washmg b

L

Fs




- screens oa collectlon trough -at the bottom of the pIate Most of the water passes through
- the screen Like the rotatmg screen, the triangle screen need frequent washmg, '

=

Wrth the exrstmg technology, a combination of fi lters may be the choice for aquaculture
Filters like the hydrocyclones or triangle screens could be used to remove much of the

Brofilters

B ," T he broﬁlter is the heart of a reclrculatmg aquaculture system Baslcally, a brofﬂteus ‘
- sunply a surface onwhich bacteria grow; Whrle growmg, the bacterra convert tox1c am- e
L moma produced by the f sh and feed 1o rnuch-less toxrc rutrate T T O e N S

‘ partxculate waste, The water wasted by these filters could then be directed to a settling -
basin. The reduced amount of ﬂow from the ﬁlters makes a settlmg basrn practtcal for thls :

_ purpose e

However in reahty, 1t isa complex system comparable to a lrvmg orgamsm The brofrlter

~must be "fed" and supphed wrth oxygen 111 order to remam healthy and work properly

As prevrously stated the purpose of the brofrlter is to convert ammonia- to nrtrate Ammo-f : _j‘ .

nia‘is the end product of protern metabolism. Fish and other aquatrc organisms gener-

ally excrete amrnoma in the pure, form whlle marnmals first convert it1o less toxic urea, . R

P

PR

Table 1 Percent un-tomzed.ammoma solutlons at var.
L . ious pH and temperatune values (after Thurston et al

. ? -

Ammoma in watér can be in two forms;

toxic Concentratlons of molecular ammoma

R 1974) AP AR
Tempera_' pH B |
SO ture LN
B CIE CTI R ) ‘_5.556
. 'f,5,9'“ _- 027 ‘fb.’ss_ : 2.'6_7';‘ _17'.‘.9J7
e T e[ e a]
77 vl oes7asef 575 is.éé ;
e _0'.'3_'6_. 348 | 7.46 | 2130

.....
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" as lowas 0.01 mg/T have resulted in sub-
lethal toxic effects (clubbed gills, poor -

1| _f_ growth) in salmonids (Burrows 1964)- whrle “
.. charinel catfish show these effects at012:

5 mg/L (Robinetie: 1973): The ‘temperature -
- and pH (acrdrty) control the ratio of molecu- -
Clar ammonia to 1omzed ammonia in water, - ,

= _with pH havmg the | greatest effect{T russell- iy

e 1972) "AspH increases (less acrdlty) the- per=_.-

ular form increases logarrthmlcally (Tabie: 1)

|~ At atemperature of 69F and a-pH.of 707

about 0. 4% of the ammonia in the molecular
. form. Ata pH of 8.0, this increases to 3. 8%, ‘
whlle at pH 9. 0 284 percent rs molecular 2

moletilar ammonia (NH? and iorfic ammo; -
nia (NH{ )- It is the molecular form that i is= o

. centage of- total ammonia in ‘the toxic molec-- - - 2



Ondauon of ammoma

in the biofilter is ac- Tl
& Comphshed by‘a’group of -

« - chemotrophic bacteria ~ | 7~
" (chemical eaters) These_ '

© are common bactena,

} :found m water and soil. -

-One: group of these bacte-
ria. @mosomonas) uti-
,{'hzes ammonia. (NH ) and

(NO - However nitrite -

P bmdmg sites in the blood -

BTN Hemoglobln, causing’ the
o '-“* ~ problem which js.com-". -

", monly knowh as "browi -
“blood’ dlsease " TOXIC lev-

R els of nitrite are in the ,;_-j- :

range of 24 + mg/L for -

- channel catf' sh, but as- low
as 0.55 mg/L for salmon. .

. -(Piper et al.1982). Fortu— :

nately, a second group of ™

“bacteria (Nitrobacter) l.l[l-" —— — !
QUentlY release mtrate *-—-‘f. SRR L

(NO ) Iﬂ actuallty mtnte a Based on 3% fcedmg rate; 0027 kgemmonra/ kgfeed and an o:udanon rate of 200 mg sm- j——

llzes nitrite and subse-

«ff and nltrate are released

. as nitric and nitrous acids, .
* resulting in a decrease in-

pH (more acadrty) unless *

the water 1s well buffered ; e
- WdFrom authors calculatlons SR D L rovn T B

The size-of the blof' lter

100 pounds of feed. Thus 10,000 pounds of fish gettmg 300 pounds of food (3 percent of ey
body welght) would produce 9 pounds of ammoma per day R R SO

“oxidizes it to’ mtnte =

i also tox1c to fish. Ni- «
trite ties up  the: oxygen

o ) )
- = +
v . e
. T SR ] . oL T

Table z Sm-raiu areas of soine common biofilter media: > .

Surface Area o

Volume c v T'-_"'i";-_:?_"‘,r‘*
SRR Flsh_
Supported

h’\Granulnr Carbon :

No 8 Stonef X

"_"anrpauerand I.ewxs (1988) AP T L S A A

| cmSphc R S0
1_;9-'c:1n_?Stone°. e 2T 85|~ 43

. Ll R . = - h ~ i =
= - . = L s,

-t

:Télbik;rd_rédig‘

) moma sq-rn/day L . ';_,_,‘ =T

A . B I,
- -

' cF‘rom Meadc (1974)- ‘_ .)'-7\»:". \ C e ( e s
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- needed will depend on eBasedon 1/3«:11 platcs spaced 1 ifiched ..nplam;n STl e Tl
the amount of ammonia’ - '_;r o T e T
-added to the system. Am- F“’“‘ A““""'E?S’ff“"‘s’ . ~"-.’f T S i
- monia production is most S T e T T SR

- closely related to the feedlng rate and the efﬁc;ency of food utlllzanon Feed utlhzatlon, in
turn, depends on the size of the fish, the quality of the feed, temperature, activity level of - . -

 the fish, and the feeding rate. ‘Generally, 1 to 3 pounds of ammonia is produced foreach - . S
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-+ _ T he quantity of bacteria available to oxidize the ammonia is limited by the surface area of
"~ 7 the biofilter media. Asa bacterial population develops, it will coat the surface itis
-~ - growing on to a limited depth. The efficiency of this bacterial coating is then controlled by
-~ 1) the mixing of the water to assure that the ammonia comes in contact with the bacteria, .
- 2) the dissolved oxygen levél, 3) the pH, and 4) the temperature. In warm-water fish cul-
ture systems nitrification occurs at a rate of 200 to 400 mg of ammonia per square meter of -
- biofilter surface area per day (0.00037 to 0.00074 pounds per square yard per day). Thus to
- .. oxidize the 9 pounds of ammonia produced in the example above, a biofilter with 24,500 -
7 square yards of surface area would be required (15.2 acres). Thus, it is apparent that an .~
~important factor in biofilter design is to get the maximum amount of surface areainto a. -
.> " given volume. ‘The surface areas of some commoi fixed media are found inTable 2. As . -
- can be'seen, the smaller the particle size, the more the surface-area per unit volume. How--
7 _ever, when the particle size is reduced the probability of filter clogginig increasesand the. = -
. ability to mix the water within the biofilter decreases. The major engineering problem with. - .- -~

* biofilters is to develop.a method to tse stall particles and assure that oxygenated water * -,
- - will circulate throughout the filter. = .~ e G s e LR e
' ” Re-oxygenation - S T N T e T ST e

) Sihcg the fish utilize okygen dissolved in the water and reléase carbon dioxide and the - -
-~ biofilter also utilizes oxygen, a recirculating System requires a method to aerate oroxy- ~- ..~
- genate the water. Maintaining high levels of dissolved oxygen (DO) in the water-is critical =

. to the success of the systém. With low DO the growth rate of the fish will be lower and food, ~ -

- :conversion will decrease, - .. EREE . = S

- T-h_e-amount of oxygen coﬁ;sume'd By.'ihe_ﬁsh is a:_fu'néfiéh 0f1“filsh Sizc;ﬁf_eédiﬂg rate, 'aqtivity' L
-~ level of the fish, and temperature. Meade (1974) determined that the oxygen consump-. o

B " tion of salmon bein g'reared at 57F was 0.004 pounds of oxygen per pound of fish per day. .- P
L Lewis et al. (1981) determined that striped bass raised-at 77F consumed 0.012 to 0.020 ~ .- Lo

.~~~ _pounds per day. Consumption of 6xygen by the biofilter bacteria is most closely related to " " .
- .- the amount of zammonia entering the filter. Meade (1974) using the formulae of severalau- . "
- thors.determined that a'biofilter will utilize 4.0 to'4.6 pounds of oxygen for every pound of .-

Ta 5,
-

[ -..ammonia oxidized. The basic équationsare: .~~~ .7 . io T TN S

TR PTG B LAl T - BRI ‘ = i
A e - & 1L INH, +30.- INO. + 2H.O +4H* - - T
N - . L L T _2\» N B ?, el e e T R = B e
=y - : SR ST R _ e Ty i

" for the conversion of ammonia to nitrite;and: © . . T s
;oo . - LT . o~ v _ N o . . c- . o ‘\ S . ' ‘) : .'_':" [ -
- B _ Co = Ce - - J_ : 4 . ~ PR N N y - \ -
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T for the conversmn of nitrite to nitrate. However due to the presence of other bactena in ]
“the system, we recommend that a ratro of 6 pounds of oxygen tol pound of ammoma be T
cons'ldered s S PV o S S

- e -

In the above example (10 000 pounds of flsh 9 pounds of ammoma) the oxygen requrre-__ :
' \mentwould be L e s TR T

BN Not all of thrs 174 pounds would have to added elther through mechamcal aeratron or - ¢
through drrect oxygenatlon smce some aeratton occurs naturally w1th the movement of
fthe water g ‘ , a

Several methods ar avarlable for aeratmg water Oxygen ¢an be dlssolved ir water elther '
“through aeratlon (addmg air; 20 percent. oxygen) or. through oxygenatlon (100% oxygen) :
Methods of aeration include the aspirators of Burrows'and Combs (1968), mechanical agi- - ‘__—;_'-;
tators, and air blowers: Although effective, aspirators require pressurizing the water, which -, " .
‘adds to the pumping costs.  Care must also be. taken with these systems to prevent mtrogen S
‘ supersaturatron which-is harmful to fish. Agitators are only suitable for. relative small. sys~ e T

tems since a separate unit is required for each culture tank. Low pressure, high volumé air SR
* blowers are probably the most effective method of aeratron for medtum to large systems R
. However they also have the hrghest mmai cost. - T R L

As the size of systems mcrease the use of pure oxygen becomes more econormcal Pure
oxygen is available in ‘either’ gaseous or liquid form. -For use in a fi sh cuIture system,
hqmd oxygen is the onIy form which should be cons:dered both for. economic reasons and
for practical storage. Recently; oxygen concentrators have been introduced mto\ﬁsh cul-- 7
- ture.” These units take compressed-air and extract the oxygen by passing | the gas through a :‘ NERO
Serm-permeable membrane. Several problems exrst with these units. The 1n1t1al cost of .. o ii,'
" these units are hlgh and thelr operation. requires the use of a largé h:gh volume aircom- - - CL.
. pressor. In addition, a larger backup generator- plant is required to rui these units durmg LR
line power outages. Therefore, unless a use for.the, high volume of pressurrzed off-gas is, . ' :

— - - p My

initially- desrgned into the system, the cost ofoperatlon is a]so hight, =7 2 i R

The cost effecnveness of an oxygen system is hnnted by the effrcrency in Whlch the gas 1s LeF __7, )
dissolved into the water, The efficient transfer of oxygen depends on bubble size, pres- -~ .-
sure of the water and gas, temperature, contact time, and initial level of oxygen in the . e
water. One of the most efficient devices for introducing oxygen in the water is the U-tube. L e
“This devise is simple (no moving parts) and take advantage of pressure differentials toin: .+ .. - -
crease the gas transfer without requiring a high-pressure pump. However, with a U-tube, it
is only practical to introduce the oxygen at one central point. Thus it is advisable to have .
an alternative oxygen dehvery system to each flSh culture tank for use when there isno .
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L water ﬂow (power outages and generator fmlure and main pump fallure) Dunng normal
- operation, the main water supply would be oxygenated using a U-tube contactor. However,
 if water ﬂow is dlsrupted, oxygen would be dlverted to dlffusers in the mdmdual ﬁsh cul-
' ture tanks , e

T L Another efﬁcxent way to add o oxy-
- o B genlswrth OXygen cones (Fxgure _
: INFLOW P 1) These devices consist of a coni- . -
.-t . _ calcontainer with an oxygen bub-
7707 L. blerlocated in the wide bottom.
= 7> Water enterring the narrow top has -
el enough velocity to keep the bubbles
vl of oxygen down. - However, at some -
-7 point in the wuiemng cone the ve- . -~
loctty of the downﬂowrng water will .
7w -0t - match the upward movement of the -
T ;i-"’-i'_j;‘ oxygen bubbles. The bubbles thus -~ =

__.‘, - - ~ 4

SRR - sorbed - Like the U-tube system,
-—-' EFFLUENT " oxygen cones are usually designed -

C. U OXYGEN® o T _,t° fandl the entiresystem flow.
K ’ F'lgllrel 'Ihe oxygen cone. ZoneArepresentstheareathat the R ’ - ‘ S
. ./ upward movement of the buhbles equals theveloclty of the down- Lo _— R SRR
T wardﬂmngwater ST e E Y K
o U\ \"-‘_, T ""‘\-'_1 o -J,i;:-_ N ,_-:’ o -; ; : '/" . ‘ R " - E
Water pumps SR _T‘ s ;'-;_:;",. SR .:‘-;:-;-iﬁf'—-". P Nt

The method by whlch water is moved in a, recxrcu!atmg system w111 depend sngmficantly
“on the system configuratron Systems wh:ch rais€ water to overhead biofilters or utllxze s
© an asprrator for aeration will require pumps which'can deliver. adequate water*at 20 feet of -

wrth the use of alr-let pumpmg Wlth small 10 moderate systems 'an an'-hft pumplng sys—

;,,

O ,__k_—' atlvely lowhorse-power and due toits ablhty to aerate the water: The dlsadvantage of an “
e air-lift system. is in the requ1rement that all parts of the system be essentlally at'the same el- "

" remain suspended until they are ab-_'_' o

head (10 psr) Low-head systems can.be operated with high volume, low. pressure pumps, or - 28

'_}-‘-< . ':'zf evatron, thus requmng rnore ﬂoor space and makmg tank harvest and dralmngdlfﬁcult _~ : ~';‘*; -

Whlchever pump system is utrhzed if i is adwsable to divide the| pump load among two or ‘- )
three pumps. Therefore failure of one unit wdl still pemnt lmuted operauon and pre- e

vent loss of fish. unuI a replacement unit is put 1n serv1ce ST




G There are four ba51c types of brof‘ lter desrgnS' submerged bed'“ tnckle, rotatmg dlsk, and
e ﬂu1dlzed bed In addltlon the submerged bed type of bloﬁlter can be dmded mto down-

" settling basins located below.the biofilters, it be- _‘ CLARIFIER

. are subject to frequent cloggmg and thus must be backwashed often. However, they are the
. srmplest and less costly to construct. Some success has also been achreved by usmg large
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S ubrnerged bed blofrlters are characterlzed by havmg a fixed: (non-movrng) medla that is
2o constantly under water. The broﬁlter media (attachment surfacefor the bactena) in -7

_these filters is hlghly drverse Some of the' matenals which-are “used include gravel, oyster- ;
shell; solid plasttc beads extruded or molded hlgh-surface area plasttc rmgs, and piasttc -

screenlng S M S Tt

“;'_ = - f/-—"ﬁ = -.:J."- 'y-.-

Submerged bed blofrlters are’ classrfred mto three groups dependmg on the drrectton of -

water. mgvement. In downflow biofilters (Figure 2) water from the clarifier enters the b
“top of the filter by grav1ty and flows through the filter to'a sump. From there it is pumped ST
“to a head tank, oxygenated and flows:by gravity to the fish culture tanks. ‘Downflow filters ";, o

_.volumes of air-fo dislodge partrculate matter RS L
dunng backwashmg/__‘_,-f- o Eayt e Tl

Upﬂow filtérs are similar to the downﬂow type .'«." ' T B
“in-that they are. operated by gravity. Thead- ] == gkt ST b

* vantage of upflow over downflow ﬂlters is that -j 1TV = = '

- with' the former; settling basins ¢ ‘can be incorpo- . L

_“rated below the media, Generally a light werght, I

buoyant media is required. However, with the -

comes.difficult to deterrmne when to clean the * = BRI IS [ S
- ‘basins. The settling basins can alsouseupthe - .. % 20 b |_O P

- dissolved ‘oxygen, reducing the eff1c1ency ofthe .- . hes LT s S
_ biofilter. Without supplemental in-filteroxy- -~ SUBMERGED ', WATER
genation, the maximum depth of upflow, and - - . BIOFILTER . . P UMP ST
.downflow, filters is limited to about 40 inches. . oL \i', Lo T
In lateral flow- blofxlters water enters “the blOfll- SRR : I R

ter and flows laterally through the media. One F',g“" 3 Sc_hen"am ol'a s“bmrged'bed hmmter ST

commercially marketed design of this type of . ~®¥ste™ ~ © . o f S
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™ system utlhzes a srnall chamber as well as part of the media for partlculate waste removal.
" In addition, an air-lift is installed in the biofilter to move water from the filter back to the -
fish rearing tank. The apphcabrhty of thls system type to large-scale productlon has yet to

betested R e T I , . -
Tncklmgﬁlters ST T . ST - S _' -
f Trrckhng filters are smnlar to submerged . TRICKLING . |
downflow filters in that water enters the top BIOFILTER

" and flows downward through the media. How- - -~ .- =~
- [ ever, the trickling filter is elevated (Figure 3), = - . FISH -~ -~ ©
. and has an open bottom. This confi guratlon als. 11 CTANKS e
~_lows the media to be exposed to the air, thusas- kL ] "7 - SR
Lo ' suring adequate oxygen for the ‘bacteria. Ina SO FRsa A
properly designed trickling filter thewater -~~~ .- o " L o Lo
- should cascade over the media in a thin film, . 7. CLARIFIER _ ‘—O

- “Packed columin aerat10n/degassrf cation systems T A -’
= :?* work on the same prtncrple asa trlcklmg ﬁlter e T
One problem encountered wrth trtcklmg frlters W /"i;_?i-"f,‘: SE g
is the sloughing of the bacteria. At times, -'?/'-'. I T IR

enough bacteria will be lost to significantly re- - thure _3__Schem5ﬁ'c of a trickling filter system.

~ “duce the-nitrifying capacity of the filter. Davis - - . ey g e

( 1977) needed to use a secondary (post brof Iter) el T

- clarifier on a trickling filter to remove partlcu- o I S
late materra] created in the frlter SR R o o s ;;-;\_3 i
Rotatnglsk } \ \ ’i“j , . ' ‘\ ‘

he rotatlng dlsk bloﬁlter (also calIed rotatmg _ s -

blologlcal contactor or Totating bio- contactor) e

- has recently gained popularity. In this system, (Fig--

L ure 4), the substrate for the mtrlfymg bactena v ’-,

COl'lSlStS ofa serles of parallel circular plates’ Wthh

~are mounted on-ashaft with a small (0.25- 10 05- %
mch) gap between them! The disks are partrally

- - submerged and rotated on the shaft, using either a -

7. low speed gear motor or-a paddlewheel driven by -k

_ - the water flow. Usually several of these unlts are o
S placed 1nser1es N T P

T

The advantages of the rotatlng dlsk bloﬁIter in- ROT ATING DISK e TR -
clude its tendency to be self-cleamng, its Iow BIOFIL'I'ER MRS I ]
_ head reqmrements and its ability to maintain hlgh T :.,f e el T
- levels of dissolved oxygen (Lewis and Buynak . - - ““ LT e e T e
~ (1976). Because of the rotation, a thin film of. - Figured. g.,mﬁng disk biofilter system;

e _—— ~ Vo - . 3
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/j i ing bacteria to attach. Smce most rotatmg disk biofilters are ‘operated by atraddmonal
. ’ -motor, the cost of runmng that motor-and the addlttonal maintenance must be- con51dered

water is constantly bemg exposed to the air, assuring adequate oxygen o the bactena. Be- 7 §
" cause of this, the nitrification process is consistent. With other systems partial clogging, S T
 variations in dissolved oxygen, and variations in water ﬂow can result in ﬂuctuatmns in - c o x

thelr mtrtfymg capacxty s T

Among the problems assoc1ated w1th rotatmg disk blofllters are thetr htmted surface _7 g -
-area, the additional costs te operate them, anda tendency for them to cool the water - !;,-,;": o
through evaporatton ‘With a-0.25-inch spacing between the’ plates Totating disk btoﬁlters _:l-’._ e

“have only 62 ft* / i of:- sutface area (Table 2). Thus, a large area i§'required for. placement
- of this’ filter. system smce btofllter sizeisa  function of thie amount of surface for the mtnfy-

JThe third prolilem ‘with rotatmg disk bloﬁlters evaporation, will only affect systemswhlclt
have a htgh air- excﬁange rate. The rotation of the disk constantly exposes a thin film of

* water to the air. This is the same process used in many | home humldlfters. Since evapora—
tion causes- coolmg, t»lus ternperature drop must be taken into account. Generally itisrec- =
ommended that systems incorporating a rotating disk biofilter be located i in a tightly closed -
insulated bulldtng In. addttlon because of the terfdency for self cleamng, a secondary clan- .“"

,-._--~f1er is- requu'ed AT e T e e D e e

R i M e ) — et E . - . - . - SN L

ot e DR . R N > [ s « B .
: - ~ - : N . . - LT

-‘ F]utdtzed Bed "7)* -T_{ R ";% o . S e T :‘j,_' \ L L
Fluxdlzed beds : are a relatwely new. concept in bloﬁltratlon Ina ﬂu1dlzed bed, water en- > ‘
ters the bottom of a cylinder with sufficient velocity to expand the medium (Flgure 5). .
This pertmts the use of extremely fine materials for the bactertal substrate Graded sand 1s o
one of the more common substrates used in flu- o - -

idized bed filters. However because of its densny, S
.~ a considerable amount of water is req‘mred to -4

. make it-expand. Paller and Lewis (1988) exam- STl
med the use of bone charcoal granules as a subs v
strate in these filters. They found that a flow of 117
.gpm per square foot of dimensional surface was

- suffi c:ent to expand a ftlter bed 24- mches deep

Two major ‘benefits of ﬂmdtzed beds are appar- .' o
ent. The most obvious is the amount (ft%) of
“bacterial substrate which can be fitted into a . Sk . ‘ R
small filter (Table 2). The second is their tend- * CLARIFIER o pump T
. ency not to clog. The suspended particles will coat -~ - B TR
with bacterial growth, but the constant churning -~ = - e T
prevents excessive growth and adhesmn of the
parttcles L PP thures Schematic of a system w:thaﬂmdtzed-\ :
’ o ' bed biofilter. " - e :

15 Biofiltration....Bulletin 9.1 .

T



RSN

_-:people use a'small amount of this.as a bacterial seed. Commerctally concentratcd bacterra i
cultures are also available. Once the filter has been seeded, sufficient ammonia is added to -
“maintain about 3 mg/ Liter of ammonia.” A good source; of ammonia for this.purposé is © - B
‘household ammonia w1thout added detergent although ammonium- nitrate and ammoni- -

The ma}or problem assoc1ated with thls filter type is the need for a relatlvely hlgh pres- -

sure pumping system to suspend the substrate. This results in higher pumping costs
‘than some lower pressure systems. A post- bloﬁlter clanﬁer may be required wrth ﬂurdlzed
beds because of the sclf cleamng of the parncles : :

.
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3 T he development of Nltrosomas populatlons m a broﬁlter bed is favored by htgh ammo—
< 7 nia concentratlons Nitrobacter, however, is inhibited by hlgh ammonia levels, thus re-
,f * quiring the oxidation of much of the ammonla to nitrite prior to the- development of -~
- Nitrobacter. populatrons (Lees 1952). This'is tost evident in new- systems stocked- wrth a )

o a

is converted wtlI Nitrobacter-

oxidizing the nitrite to nitrate.
Therefore, unless the system is.

pre-conditioned, a large mass of
- fish cannof be stocked This~ -~
_ phenomenon can also occur in N
. - operating systems A surge-of "~ 7
. -;ammonia resulting from over " "+

l i - - o -
m AN feedmg of improper tank clean-< -

rng can inhibit Nitrobacter. Ni-

trate resulting from oxrdanon of -

some of the ammonia can cause

: ,loss of fish, while ammonia. lev-

- elsremam below the Iethal lumt

re-acttvatron of a blofilter system 1nvolves‘seed1ng the f lter bed wrth bactena and feed- .
ing them with; ammonia.-Nitrifying bacteria'are abundant inrich garden soils s6 many,

. _,um-phosphate fertrhzers have been used. Ammonium-nitrate-is not the best chorce smce

‘. the presence of mtrate isa good measure of the actlvatlon process :

._.,.,
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| moderate load of flSh Ammoma IeveIs w111 increase due to the: presence of fishand then ~.. -
: ' - s - decline as-Nitrosomas popula- =
. tions deyelop and oxidize the -
~- “amionia to nitrite (Figure 6).
" Onlyafter much of the ammoma; ;

; populatlons develop and begin S



, '_ When the bzofilter bacteria populatlons grows to'meet- thrs ammonia load, additional ﬁsh

i the chemical conld destroy-the biofilter bacteria; Antlbrotlcs have this potential; although .
: they are generally administéred in the feed. Formalin-F; acommonly used chemical for the- - =~
- control of protozoan-and trematode infections does not destroy. the bacteria. However, this. ;=

;;:‘z;can take as long as 4 to 6 weeks

-~ w hen workmg wrth bloﬁltered aquaculture systems cautlon must be taken when usxng

s - . . - e - P e
: . . s . B LR P A
- : - - = .- = EE N L e . - __—" ) | - -

Imtral addltlons of ammonia wrll drsappear rap:dly, by bemg mcorporated mto the bacte- g
~ria. After the first week of pre-activation, ammonia it will be necessary to add: ammoma R
datly -After séveral weeks, nitrite and nitrate will occur in appreciable levels. Once biofil---
““ter conditioning has occurred, nitrite levels should have risen to § to- 10 mg/ther and then E

~ stabilized below I-mg/Liter, and nitrate levels should be steadlly mcreasmg Thts processf LT

a

s an~alternatxve to pre actrvatron a staggered stockmg regrme can be used Here the
biofilter is seeded as above and then the system in stocked with a small foad of fish. -

are stocked When this techmque is. used a suffi c1ent water supply for emergency ﬂushmg
should be avarlable.’ L NE LT QL T - s w4

some of the therapeutrc chemicals-available to fish culturists. The potential exists that -

cheémical will i increase the ammonia in the’ system by kﬂhng fungus and other- orgamisms in- -,

“ . ‘the filter- {Lewis et al. 1981), Breakdown of these orgamsms results in the release of ammo- ,_‘" R

- nia: Formalin-F also compltcates the analysrs of ammonia in the frsh_culture system be— -
cause xt reglsters as ammoma in many of the water quahty test klts :

-

- - T - - - *'-._' I LT — R [ e T RS .

S stated earlter there are ﬁve major advantages in usmg remrculated ﬁsh culture sys-
tems incorporating biofiltration; low water and land reqmrements control of | temperao L -

;‘{

. ture and water quality, and independence from the éffects of weather. However, there are’ U

 the interest on thlS capual must be con51dered m the operatmg COSts. . = L Ll ok

also certain drsadvantages of these systems and most of these start with a $ ' :— PR R

T

he initial set-up costs of a bloﬁltered fish culture system are forrmdable Along wnh :
costs of the tanks, biofilters, pumps and plumbing, the costs of the burldlng and insula- 'ff_j“ 1
tiori must also be considered; Other important initial costs include feed storage facilities L
and back-up and emergency power equipment. If it necessary to borrow rnoney for these, TP

- s ' L . N oW
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" hngs whether they are purchased of rarsed on site.. .- 2

Operatrng costs of a rec1rculat1ng system are also substantlal The costs of producmg ﬁsh
should include the costs of feed, the cost of energy to heat and pump water, the costs of

_that water, whether it comes from a well or municipal source, the cost of treating or other-

wise disposing of effluents (particularly back-wash from clarifiers), the costs of labor and

-.the costs of transportation of the fish to the market. In addition, the costs of insurance and -

- maintenance of the equipment should also be conmdered as well as the cost of the ﬁnger-

hese costs must be: carefully and accurately determrned SO that they can be 1ncluded 1nto
-a produiction plan. That plan should show how thany fish can be produced at what size,

' and what will be the cost to producé them. From this, the price per pound which needs to

T
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- be attained can be deterrmned Then one needs to ﬁnd out if anyone 1s wrllrng to pay. that

Dav1s J T. 1977 Desrgn of water reuse facrhttes for warm water ﬁsh culture Ph D The-

|
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