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Iluring the pa two deudcs brkiimca qwu l t u re  lus become the frrtea 
growing foobproducing sector md is an incrclsingly imponurt contributor to nuional 
aanomic dcvclopmnf glob1 food supply, food security and nutrition. The water and 
soil quality mrnrpmmt ue cherrfm key ham for regulating success in bnckishwater 
rhrimp/fish fuming. Lntmcticms between roil md water that inflwnce water qualib in 
pa& mud not k &?nod, b u r  poor mi l  condition in ponds can impair survival md  
growth of l p u r u b  cpech. Some mils may tun wbrimbls popanlea llke potatid 
acid sulphm acidity, high orpurlc matter commt w m s i w  pornsit). On the other 
hand, e m  i f  the site is 0006 problems may sill crop up by the large quantlt) of inputs 
like W feed fmiliLm which lead to excessive ph)loplmkton production, low dissolved 
oxygen, high ammonia. poor bottom soil condition and other pmbkms. Out hreak of 
d i w  in shrimp culaue system is relared to the environmental faclon such as 
docaioruion of w M u  md roil quality. Most of there problems can k avoided through 
adoption o f kns r  fmugemant prrctiscr (BMPs) such u site selection, pond pmp.ntion. 
l i m i n ~  modem socking a. Howcwr, effectiveness of these B M R  depends on takino 
into cowideraion the high d e w  of variability between shrimp farms, their roil types. 
and source water. ecosystems in which the farms arc loafed and seasonal var~ations 

The aqua farming =tor cannot k considered in isolation and other activities in 
the costal uos impact rhc environment which may in turn affect the culture opcrntlons. 
lo fast p w r h  h u  invited m e  of the environmental inuer like wliniwtion of 
apicultunl lands and drinking water resources and conflicts with other users. The aqur 
farms discharge walcr is the most significant of  all faclon that conaibutc?, to the 
degradation of environment and causes 'self pollution' with in the system due to 
intensification of  technolog). Conversely the aquatic environment is ultimate sink for all 
chemicals and pollutants such as heavy mctnls and pesticides that pox scririus 
mvimnmental hazards becaue of their perslstcncc and toxicit). Gmd site selection for 
shrimp farming operations requires planning for managing entire ecosystem to avoid 
pmblemr when the numtan of pomh e d  the w i n g  capacity of the syrtom. All the 
above irrucs underline the i m p o w  of envimnmental management in bnckishwaur 
aquaculnm. 

As a parr of  the transfer of technology programme. the Central lnslitutc of 
Brackishwarn Aquaculture (CIBA) is organizing this training course on 'Advanced 
Technologies for Ihc Management of Soil and Water Environment in Brack~shwater 
Aqureultun" sponsored by National Firheries Dcvelopment Board WFDB). Hydembad. 
The mining program coven both the buic and dvanccd topics such u suitnbility of 
soils for bmckirhwua rquuulnm, water and soil qlvllty mm@unefif during Ihc prc- 
s d i q  d c u b  period paicidcs and heavy metal hazards in source waters, discharge 
watm acltmen~ quatic biwemediation. BMPs, environmental impact assessment (HA)  
and environmental monitoring programme (EMP) protocols and pmcticals on analysis of 
soil and w a r  p s m .  

I t  givea me &real pkuurc to record my sin- thanlo to National Fisheries 
Developman BarQ Hydmbad fw sponrwing this training programme. My 
rppasiabru are to dl the W t y  m m k o  of the 
bringing out this mining manual. 

Chcnnli 
I' Sepcmbcr, 2009 Director, Cmml  Institute of  Brackishwater Aquaculture 
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I .  SUITABILrrY OF SOUS TO BRACKISHWATER AQUACULTURE 

RP.Cnpa and M.Mmlldbar 

Aqwul tum ponds uc nomully built of mils. RopafiMI o f  soils should k 
conridered in rlecting a site, designing &work. m d  apccifying construction 
methods to provide a wtcr-tight pond w i h  a b l e  levels and bottom slopes. 
Interactions h e e n  soil and water that influence water quality in ponds must not be 
ignciui. bccaur poor soil condition in ponds can impair survival and growth of  
aquaculture species. Far ensmpk. acidic soils can caux low pH and total alkalinit! 
in ponds. and unless lime is applied. ponds may k unsuitable for aqruculturc A 
large mount of  infomution ia mcded for proper planning. deslgn m d  construction of 
a q u r u l ~ r c  ponds. Somnlmer lack of mention to soil properties results in 
aquaculture ponds which can not be used to their full ptcntlal. 

The productivity of a pond depends upon its soil - watcr chwacterist~o. Gencrall). 
fishkhrimp production is low In ponds located in agriculturally poor productive sotls 
and high in those p l e d  in fenilc soils. A satisfactory pond soil 1s the one in ~ h i c h  
mmeralm~on of organic muter takes place rapidly and nutrients arc absorbed. held 
and r c l u v d  slowly over a long period. Further, in bonom soil, a series of  chemical 
and biochemical mctions mkc p l w  resulting in either the release of nutrients from 
so11 to water or absorption of  nutrients from water b) the soil and microbial 
populat~on. This process governs the growth and population of the micro and macro 
food organisms in the fishishrimp ponds. To understand the complete pond 
ecorysm, it is essential to study the characteristics of pond soil and watcr to increase 
the productivity of  the ponds in general and thereby augmenting fish and shrimp 
production. 

Shrimp f m s  have been consuucrcd on variety of  coaml Imds - inter-tidal 
fallow land. dry and saline fallow land, unproductive and marginal agricultural land. 
and to a lesser extent in wetlnnds like marshes and mangrovcr Coastal areas of the 
countq have vast resources of saline affected fallow lands which cannot he used l i ~ r  
an! productive purpose. Prcscntly, about 10.0 % of the resources available arc k i n g  
ut~lized for shrimp aquaculture. Shrimp aquaculture requires natural resource\ like 
land, water. and biological resources like seed and feed. 

1.1 Solb o l l n d h  
In India aquacul~ure ponds arc located under different agro-climatic conditions 

Therefore it is necessary to have a broad knowledge of different types of soils in 
order to undmtand the problems of production in relation to the soil conditions. In 
India. the soils prc clarsified mainly under eight mrjor heads vu.. alluvial, black, red, 
laurite, fo* deun. d i n e  m d  dluline and peat. The brackishwater aquaculture is 
done on wlt affected mils or -1 soils and hence the n l t u r ~  and propenlea of 
saline md alkaline soils ut described: 

1.1.1 Mime IOU 
Saline soils were originally called "white alkali" mils. Saline soils arc classified 

as saline if the solution extracted from a saturated soil paste has an electrical 
conductivity value of 4 or moE mmhdcm at 25% the amount o f  exchangeable 



sodium k4( lhUl 15% md the pH klow 8.5. %line soils uaully tmvc a surf= crua 
of wh~w salt. especially in the dry urson. 

1.13 AlWl d l  
Thcx soils h v c  o h  Lm called bluk  alkali' soils k u u  they ue black. 

owing to the c f fd  of high sodium content which CUIY~ &e diSpcnion ofthe orpanic 
Mnar. In &is hp of mil. the wlutim exmctrd 6om a smmted soil anc hu u, 

elecmcal condu%vny value m m  thn 4 mmWm at 25% &eramount of 
exchangeable d ~ u m  m m  than 15% and the sot1 pH between 8 5 to 10 0 

As the bbndtiwater sqwulnnr  has expndcd enormously in the -1 arus 
whcrc the above m e n t i d  soils b v c  km observed, the diffmncc between s l i m  
and alkali roils should k well undsmood. Thc wlubk s h  which ue mucured and 
represented u clcstriul conductivity m i s t  of utionr md mions. The cations arc 
Ca-. Mp", Na'. K' and anions: CQ-, HCOI-. CI', SO,-. 

The total uea  of soit cdTccted soils in India is about 8 million ha. w t  of which 
3 1 million ha ue consul  line soils including 0.5 million ha of mangrove m a s  The 
details of the extent of saline mils in the difirmt states ue presented in Table I. The 
data shows that most of the h c l  amas in India ue wlinc in 1983, much before the 
devclopmrnt of r l rn t i lk  bncklJlwam fuming pncciees. 

Tablc I. Extent of ullne wil la tbc ~ o u t l l  states of ladla 
State ! Extent of saline soil / Soil salinity 

(in ha) (mmhos/cm) 
I Wen Bcngal 8.20,448 4 - 3 5  : 

~ u J ~ R I I  7.14.000 9-20 ' 
4.00.000 2-50 1 igr 2.76.000 99.950 0 2 -  5-17 10 1 
86,000 3-10  1 

1 Maharnshtra 63.537 4-14 
Kersla 26,400 1-20 ' ' Goa 18,000 4 - 1 5  1 

1 A & N tslands 15,000 
Pondtcheny 1,000 1-50 
Total 2530,335 j 

1 3  Soll qnallly 
Before lnltlatlng aquaculture opcnbon. one rhould k well aquatntcd wlth the 

nature of soti as a affects the fisNshrtmp productton The propcrt~es of sot1 selected 
to aquaculture ue dcscrlbod klow. 

1.2.1 soil textarc 
Soil texavc refan m the re lu in  prosa~p of swv& silt and clay in t& roil. It 

bu d h t  bark@ oa the pmdwCivtty of the padr. In krkirhw~a pond* bomhic 
productivity is more lmpomnt h a  tbc productim of pl.almn. A chycy mil rich in 
~ c m u t a ~ t b c ~ o f k a W b l v e d ~ w h i c h l l o n p w i m t h e  
associated microorplnim fonn the uuin food of most of the bnckisbwua animals. 



Clayey roils ue ktc suited for cMIwnrting bunds Md have goal water 
retention popcnia. Such bunds unno~ be easily emdcd by wave or tidal action. 
Sandy soil is porous and vcr) pwr material for ccmmucting bunds. Thcrefm 
bnckishwna soib witb moderately heavy cwnrd are ideal for qurcultum. Sandy 
clay. m d y  clay loun d clay loun are m e  of h e  textured m a  suluble for 
aquacuhm. The details of  UK textured name b a d  on the wnd. silt and cln? 5. 
content arc givm in Table 2 .  

1.2.2 pH 
The pH gives an idea whether the soil is acidic (-5') or alkaline (>7). This is 

one of the mon lmpomnt roil quality pnmeten since it affects the pond condition. 
In general, slightly acid to slightly 8lk8line soil pH is fivoumbk for higher 
production. Highly acidic and highly alkaline soil pH arc not conducive to higher 
production. The availability of  nutrients, rntc of  mineralizatton of  organic matter. 
bacterial activities and fixation of  phosphorus arc greatly influenced h! soil pH. The 
roil pH ranging b e e n  6.5 and 7.5 arc best suited for brackishwater environment. 
Under this pH range, the avaiiabil i~ is meximum for nitrogen. phosphorus and 
potasslum, sulfur. calcium and magnesturn The availabilit) of  micro-elements. irvn. 
manganese, boron, copper, chlorine and zinc is more tn the actd rape than in neutral 
or alkaline range. Since the requirement of  these micro~lemenu 15 small, the 
quantities available at pH 6.5 to 7.5 arc usually enough for bmckishwavr 
environment. 

Table 2. Pernlt.gc of  mad, r l l t  and cby In the prloclpal tcxtunl  c l r lu8  (bared 
u w n  U.S hst. of Amk. Ptnctlon Sy8lmm) 

I Textural m e  I Sand I S~II 1 clay 

Size limits of  roil upualcs: 
Sand - 0.05 to 2.0 mm ; Silt - 0.05 to 0.002 mrn , Clay - below 0.002 

13.3 O r p l i c  utter 
Soil wgmic matter isan important index o f  soil fertility Its presence in various 

proportions influences the productivity of  the pond. It also helps in prevention of 
x c p g c  loss, increases acrability of  pond soil bonom and supplies nutrients Organ~c 
m a w  helps in reducing the turbidity of  pond water and acts as anti toxicants. The 
microbid ut iv i r) .  is entirely depndent on the organic maner 



Though excen mom! of d i l y  daompc80lc m e  mnUu may uust 
problems, but in W i  pad* r high livel of a lpn ic  mrtta is always 
b i n b k .  It is porrible to m e  the soil fix produaivity bucd on the ap.nk urban 
wnlmL The d l  which has ap.nic urban mraH ka than 0.5% is low pmdudive. 
0.5 to 2% medium poduction ud .bovt 2% high prcdu&m. 

13A Crklmm urbollate (CKO, )  
This is r pramelm which gives r fiir idea r b a a  the free M O Y  c m  of Ihc 

soil. Thc soil with no WO, emtent will show r i d k  d o n .  Such soil can be 
lmpmvcd to neutral soil pH or alkaline by the agpliution of lime. By doing so, the 
harmful action of ccrhh subarnca like sulpida md acids can be nduccd The soil 
rich in CaCOj content pmmotes bwlogiul pmductivity rs it enhncts the brukdom 
of organic subsunc+r by bfterL crating a more hvounbk oxygen and carbon 
nmr. It procipiutw nupcndcd or mlublc apmic moPr*L darcuw BOD and 
cnhwxa nidflution dw &tho rsquhmom of&chrm by nitrlt'yln~ o r p n i n u  The 
productive wil should have ulcium urbcnnc more thrn 5%. 

1.2.5 Soll u l s l t y  
Saline mils arc w l l y  bvrrn but potml~lly productive soils. Thew soils do 

not supporl p h t  mwth prinutily k u w e  of excesrive ah in the $oil solution. In 
excer~of d i u m  ih d d  axart a k p n i n i c  effsts  on the absorption offalcium and 
m.pneoium. RKII uihle wllo commonly occur in u id  md m i u i d  mgionr and 
a m s  n u r  to sea. The ulinity of mil increawr with the henme in m n r  salinity 

Salinity plays an imponant role in the tnnrfmation of nitrogen, both native as 
well as added In the form of fertilized. The available nitmgen content in water 
Increases with the increase in salinit). However. at higher salinity greater amount of 
nltrogcn IS held In the soil wmplex and nibifmtion rate become slow. Rate of 
decompontion of organic manurc is also affected under d i f f m t  water salmity levclr 
Decompothion ntc of D.M. is comparatively lower under hiber water rrlin~r? 
leveia. 

1.2.6 Redox potenHal 
Oxypn is required for the decomp~ition of organic waste. In sediments. when 

lnpuu of organic matter e d  the supply of oxygen, anaerobic condition deveiops. 
This reducing condition can k muwed as the redox potentirl. Rcdox potential IS 
m p d  u Eh which i n d l w r  whaha the .ma or 1011 is in reducad condition or 
oxldlud tbndltlon. Ne)nlw (-) Rbdca v d w  lkour nduclrq~ condition and mirive 
(+) value show aerobic condition of the pond bottom rsdimems/mud. Thc opdmum 
range of soil chMcteristics suitable for shrimp fuming with minimum ud maximum 
vllucr arc mentioned in Table 3. 

T r b k  3. S d l  e b a n c t r r b t i a  8mit .k fw b n c b h r r t c r  aqunhn 
hnMtrrr 1 M h h m a  - - M . e m m  I W s m m  Raue 

- * - -  



1 J Umlution nthp lor aqsl icnlhrr  .r 
A system of limiucica ruinp end resnictive fuuucs  for soil pmpnier was 

offcrod for wc in q u r u l n u e .  Ihp fbr c l u r m  and &(pa of limimion for u c h  
pmpu* wwe b u d  on Iltcnnv* uperlencc and ksr JudpmcnL One ma) alter these 
ranges if exprience nnd daa justify it or sdd other pmpcnics with clay ranges, and 
si l l  take advanage of thii systematic mahod of evaluating roil for aqurculture. 

Soils were piseed into thm clarvs according to their limiutions for excavated 
ponds, pond levels, d i i  or emburkmmu. The rue c l u s  is given in forms of 
limiucions end renrictivc katurc(r). Only the most restrictive future should bc 
l i d  when a limimion c l u s  is given. mher l eu  restrictive features may need to be 
ueatcd to overcome m e  soil limitation. If the ntlng is slight. no renrictivc feature 
I S  given. 

1.3.1 E~cava ted  pond8 
Intcrprdntion of soil limitat~ons for cxcavatcd ponds (Table 4)  cons~dered so11 

properlies to a depth of I SO cm 

Table 4. Soll Ilmlutlon nt lnga lor excava~ed pond8 
Properr) 

I Depth to sulfid~c or 
sulfuric layer (cm) 

I roll m u e m l  (cm) I I 
I Exchangeable acidin ' 4 0  ' 20-3q >35 

1 (%) 
L~mc rcau~rcment I <? 2-10 >I0  

1 .  1 >35 18-35 <I8  / oxccss~ve m p a g c  
1 Clayey ' Loamy ' Sandy) 

compact 
Exchangeablc 
a c ~ d ~ t y  - 
Mlneral a c ~ d ~ t ,  

L T m c  ! J - -  . 

1 rllt) 
I $lope of lcrnln (%) ! Q : 2-5 > 5  Slope - 
I Depth to water table 1 >75 ' 25-75 <25 Hard to dram. 

Llm~lat~on ntlng 
SII ht ' Moderate Severe 

; 50-100 ' <50 
1 I 

pH ol 50- 100 cm laycr 
of  pond bottom Clal 
content (K) 
Clay content (%) 

(cm) I I I 1 dilut~on 

1 Fmqumcy of flooding' 1 None Occu~onal  ' Fnquen I Flooding 
I t  

Restrlctlve feature 

Polen[~nl ac~dlt);r- 
tox~clty 

~ h l c k n a r  of O ~ I C  I 0 I 50-80 j a80 

, Too ocld 
>5 5 4 5-5 5 <4 5 

I 

' Too randy/ rllvy. 

I small stones' (ye)  1-30 / 50-75 1 >75 I Small stones 
I Large nones' ('h) 1 -35 ' 25-50 1 >50 1 Large stones - 
I 

Dccompowd OM1 (%) 1 1 I 

I 
LOW clay content so11 I 4 4-12 

Swpepe, hard to 



13.2 P o d  rbuluaq dlka u d  *vra 
hknluoan*di inodkvcamnipd~ofai lnvrahleaumrcod 

toimpoundwater. ThcsoilMdcrLlbcarddcrcdubciimirsddcanprccdto 
medium density. Soil wed f a  t&r appliutiarr m u  misi secplp and enxion. 
Thc final nuterial should not u u r  toxic Icschnte to antr ponds. The ratings given 
L n T r b ~ ~ ~ ~ h b r p l w w i l b a n t h c ~ t o t h c ~ o f I W c m w i t h ~  
r s s u m ~  rhc d l  A1 hym vtll k mlxcd in dozing. l od ig ,  dumpme and 
spreading. Thc nujor popacics uxuidned v c  erosion. shbility and permeability. 
Thcx ratings will faciliuc ur of mining infamrtion md indicate thc additional 
data that should be obtained from specific on site evaluations. 

sulphuric nutcrid (an) 1 1 acidi 
Enginbeting cluses 

Tmbk 5. Umlb(ba &dm for potld e m k u b @  dlka u d  levees 

I 
S l o p  (9.) 1.4 I 1 ~ 1 5  S l o p  
Th~ckmss of organ~c <I5 Subs~des, excess 1 
material (cm) 1 1 15-.5~ 

humus, d~fficuh to 1 
I compact 

Depthtowatertable ' > I 0 0  150-100 1-30 Wclness 1 

P r0pW 

Clmy contan ()o 

1.33 Dcnultlau ofllmitntloa n U u p  
Soils rhould k rued Inplrce. Soib v c  nted to have a slight. moderate a 

~ v m  Ilmhtion Tor m putkulu  propr*.. A modcna n mom llmimtion doer nol 
m u n  th.1 8 sol1 can nc4 be d for quaculnife. D e w l o p a  un modie soil 
features, adjust plans and redesign to cmnpcnsate for many moderate and xverc soil 
limimtions. M.Mgers can impkmml muvganmt pnctias to o v m e  many 
seven wlcr limitations. Hawevcr, the inifill con of pond and dyke c o m c t i o n  and 
wrt of mainkmmc murt k considered when an-site soils have a &tive feature. 
Limitation d n g s  v c  for dryis m i c a  md thc eA;m! to ovorcaae lhnitatim 
vcdliR.atdspad~onckpopglydlacllocadiaonr. r b e f o ~ w i n ~ v c  
rimiotlonntirU-rratWlyurd; 

Dspth to sulfdic or 1 >I00 1 50-100 , <5O / Toxicity: potential 1 

I (cm) 

(1) Sight Thh ntinp ipAiupcc tht m-ritc soib have hwurabk f a  
we. No uaoul coarmrtioa, duiga mmycwnc a mabmmce will k 
required fa thc & s i i  ur. 

hmtrlcttvc tatmre 1 LimiIaMon n thg  

I I 

SlkM l Modana 

Fraction >8 cm 1 Q5 125-50 1 >50 I ~arge stoner 

9 M r a  
>35 1 18-35 
Clayey [ h m y  

4 1  1 T w  sandy 
4 

Sandy I I 



(2)  Madent? - This fating indifuer tht m-rite soils have one or more propenies 
Ihc will requim spockl menlion for Ihc dsrignated use. This degree of 
limimlion un be oveMme or modified by ~ p e c i d  planning, design manqemenr 
or maintenance. 

( 3 )  Severe - The vverc rating is given when o m  or more properties ofon-site soils 
arc unfavorable for the med usc. Thc severe rating usually mems, that major 
reclamtion md modifications in h i g h  mawgemen! or mun!enance will bc 
rcquimd for the dclignuod use. Sometimes, it m y  not k ewnomically fusible 
to w a nia with one a mom - limimtlonr. 

In our d y  conducted a Gop~lapumm uu of Nollore District. Andhn Pradesh 
w e  of the popenier of f m  a m  such as low pH, htgh sand content md  low 
organic carbon c o m a  under moderate rating according to the cl~ssificatlon 
mentioned above i.e. t huc  roils have one or more propcnies that will require special 
attention for the designated use. This degree of limitation cdn bc overcumc or 
modified by opcial planning and management such as liming, organic manuring and 
a d d i t i d  cmpaction of roils. The w i h  may k wnsidercd suiublc for 
bnckllmrsr q u ~ ~ u b  upon managing thew modonts Ilmltuion properrlor. 



2. IDENTIFICATION AND MANAGEMtKT OF ACID SULPEUTE SOILS IN 
SHRIMP FARMS 

Acid W sedimcmr known u r i d  sulphue soib (ASS) h v e  bun 
ikntifmd nsanly u a major sut+ of p r o m  pmb*mc in Sourh 
A I * . S o v m E . n A . 4 E . n ~ M L . m d A I u m l L A o i d r u l p h m B o i b I r C  
cxtmrlvc on couul p b s  in the bwpb buc am less oanmon in temprme Mom. 
Anempu to recl.bn aopiul  nungrove swunpl f a  8 q u r u h  md rice poductions 
often haw mulled in the dcvelopmat of unpoductive wid sulphatc roils. It has 
been estimated that India hr o v a  2 million ha of ASS that have the pamtial to csua  
long-term production pmblomr. if cxuvmtd. Oxidised AS% ware louted in shrimp 
h and along unr l r  that umncst & i m p  padr to thc emury. 

Acld ~ l p h -  mll ir cbc mmmon nmnc given to mil md adimant m a i n i n g  
oxidiubb, a r l m d y  oxidimd arlphida. Thc piacipl form of r u l p h i i  is iron 
pyrirc (cubic Feh) although ocher forms Nth u monaulphidm exin in smalkr 
concmmtions. If the roil m i n s  in a reduced condition so that no oxidation of the 
sulphide occun. the soil is r e f 4  u a poccntial u i d  sulphate soil PASS) or a 
rulphudic soil (oxidisable sulphur compounds). Where (he sulphiks arc exposed to 
air, lo that oxidation un ukc p b ,  the roil is d l e d  an achul acid sulphatc sot1 
(AASS) or tul&uric mil (fleld VH of 3.8 md chloride to wldutc mio in soil 
solutlon < 2 m d ) ,  Oxidisin8 con&tionr frrquently overlie reducik conditions in the 
some profile so that M S S  and PASS appl) to different pans ofthe same pmfik. 

2.1 Nahrc  of .dd r8lpb8tc mils 
When the sea level r o x  and inundate pond. sulphatc in h e  seawater m~xed u ith 

land sediments containing iron oxides and organic maner. The resulting chemical 
reactions pmduced large q w t i t i u  of iron sulphidcr in the waterlogged sediments. 
Under nrmnl condltlonr iron ~ l p h i h  layen ur cowmi by warn and colonlzcd by 
nallve vrgotation. 

~ ~ f l ,  (s) + 4 SO,'. + ~ C H I O  + YI + F ~ I  6 )  + 8HCOj + 4Hfi 
Sedimmt Seawater Orgmic m*tcr 4?ite 

f h e  five conditions nauury for the formation of sulphides in codstal sediments are 
I. Supply of sulphte 
2. Supply of easily decomposed orplnic W. 
3. An depute of iron 
4. Aluerobic conditions together with chcmiully reducing microbes 

flushing to remow soluble d o n  p.oducu. 
5 .  Tidal action 

T & n g  u mdimwtts wnahrtag Pyma mu ru- ud ammhk they 
d a m d u a d m d c k a ( * I W . .  Hanr.iftb.ymniaod.ndqxpodmtheair, 
oxldulon rsub ud ~ l p b u r l c  wid b M. Thr ummvy leutmns lor rulpbwk 
widtamuionfraninmpyrh.8n: 



The production of fmic  sulphnte from ferrous sulphae is greatly accelerated 
by the activitj of bacteria of the genus Thrvbociilvr .nd under acidic conditions the 
oxidation of pyrtrc by f d c  mlphue is very npid. Fonif sulphue aim may mnct with 
iron pyrite to fvnn c lmcnp l  sulphur ud the sulphur msy be oxidiled to rulphuric 
r i d  by mkroorpn imr .  Soils uc tcnned u acid sulphue soils once oxidation of 
pyrite occurs. 

The Fe(OH13 crynallizes as a reddish brown material in the sediment. Aflcr 
draining a sediment containing pyrite is called acid mlphate soil or a "a t ' s  clay" 
Fenic hydmxide can m t  with adsorbed bwr. such u pourtiurn in acid sulphate 
soils. to form Jarositc, a basic iron sulflre. Jarosite is relatively stable, but in older 
acid sulphate soils where acidity has b a n  neutralired, jarositc tends to hydrolyze 
Sulphuric acid dissolves aluminum, manganese. zinc and copper from soil, and run 
off from e c ~ d  sulphate roils or mine spoils not only is highly acidic, but II  may 
contain potentially toxic memllic ions. 

3 Fe (OH), + 2 SO," + K' + 3H' + K F h  (Soah (OH)a.ZH,O + P O  
KFe, (SO& (OHk .ZH2O + 3HlO + 3 Fc (OH), + K' + 2S04 + 3H' + 

2H?O 

When acmbic, acid sulphate soils will have a pH below 4.0. The pH of a c ~ d  sulphate 
soils often will d a r c a w  as much as 3 units upon drying. The positlvc test is to 
measure pH before and after drying 

R&m&amu 
Two importat conditions arc naeuary  for the oxldatlon of rulphudlc mils. The 

firs is an dequate supply of oxygen. the locond the mnoval of oxidation products 
nK rate of oxidation is a critical question and d e ~ n d s  on 

The prevailing hydrology 
How the roil is drained 
The climf&ic conditions 
The permeability to air of the overlying sediments 
Soil temperature 
Amount and particle rare of rhe iron pyrite 
The p r c m  or absence of exchangeabk bases and carbunates w ~ t h ~ n  
h e  pyritic bearing material. 
The exchange of oxygen and solutes wlth the pyrite 
The a l n a d m e  of Thioboeillw 
G n i i  r i a  md texnve 
Pcmrity of the mil 



2.2 Cbuk for hdkmtom of mm 
There uc mnl indimom of AS$ Ib.r is, w h  yhe inm dphidc hyn has 

midid and poduccd aulphurie r id.  

D n i n ~ o r s u r h E e p a d m t a w i t h p H k u t h n 4  
Unumully clear or milky prrm drain wmcr 
Rud COW sums and dcp04i.s on drain auf.ets and in dnin twncr 
Yellow juosilc, sulphur m h l  pruduad in w i l  gmcrub r i d  from iron 
sulphide. usually swn on dnin spoil harp, and in hokr .nd cndu in the soil. 
Soil com with p l low a red mottling 
corroded. cowme or nal stnlcmm 

I t  is less easy to identify the iron wlphide mud, potmtial ASS which have not 
acidified, but it is possible to recognize them i f  you dig them up. They arc 

W.mlerlogped 
m i d t o d u k g m y t o d u k ~ g r a y t n c o l o u r  
w h  buay clay m muaha 1l1tyun.I~ 
pH neutral 
They may also give off. rotten egg smell (hydrogen sulphide) 

Cbemlcal rnalysa 
a) Wmtor elembhy u r n  Indkatbr 

Ths d o  of wlubls chlorlde to heluble itllphm carenb.tion~ (~1'60~' ) can 
give a mong indication that rcplocul sulphudic mrmi r l  is or hu btm oxidized. A 
( C I   SO^'^ ) ratio (by m m )  of less than four and cenainiy less than two is a strong 
indicator of an cxbs s o w  of sulphate, beyond that normally found in suiphudic 
sediments. This ratio, coupled with meawemcah of he  pH of the water is a good 
indicator ofthe presence of ASS. 

b) Ins&u k l d  w i l  pH t d n ~  
A calibntsd doubk junction, ~pu -po in t  pH prok b m c d  diml ly into moist 

hell to muun 1& hvIm pH of  mil. Wb.n nnhr hell L urumaad, dinilbd 
water should be M to utumk the hell. The pH prok should k inscned r t  0.1 m 
intervals down the soil profile and the pH and depth were recorded. Below the surface 
mil. actual AASS show pH l as  than 4 and incrcavs to mere neutral pH in the 
unoxidiscd PASS horizon. It should bc n d  that an r i d  pH d a s  not noctssaril) 
mean ASS is present. Howcm, incifu pH coupkd with pemxide lest is an excellent 
field indicator for ASS. 

C) Hydrogen pmxMe (*Ld ta 
I rnl of  30% hydrogen pnoxidc is added to the mil e i k  in pbx  or in rugured 

wmples. It is convenient to add the pemxidc to the hok nude by inmiion of the 
probe and it is impwunt to do pH and peroxide tcm on the m e  soil sample. The 
peroxide reaction can PLc up to 3 minuta to cccur. Thc dcpcz of effcmsrncc may 
be used u v iav l  indiutor of  pyrite conceamtiar and should be naed u mn, 
* * o l t o r w ' ~ l u . T h c m m v M i c m b K M i o a m e ~ & m c ~ a e c o w n b u i o n .  
~ k m m n r l . o ~ ~ v l ~ p s m l & k n t h e ~ m b r n u c h k o v i ~ s .  



Z J  Imp.ea of ASS 
In ponds. IIIC probkm of r i d  rulphte soils d l y  originates in kvees. The 

acid produced by oxiduion of iron sulphidcs boch soil and mcu and cur 
damage the envimnmem sevaely. These poor quality waters have the following 
Impacts 

I .  Ponds construsted in ASSs may contain high kvcls o f r i d i t y  resulted in low pH 
in pond water md thw d u c t i o n  in qwcu lnua l  production. 

2. Slow grow of o u M  rpsck* Low c w i v d  ud low r M m p  yield. 
3. Acute shrimp!fil kill because of incMwd conccnmtion of soluble and toxic 

aluminum and manganese 
4. Poor response of wil to phosphorus fen~lisatiun. 
5. Accumuhion of some organic acids 
6. Limitation of ~ s c n t i a l  macro and micronutrient elements adversely affects the 

natural food in the ponds. 
7. Afcclented leaching loss md  decrrued availability of Na. Ca and Mg and 

danced wlubility of mce e l m e n u  llke Cu m d  Zn. 
8. R e k u e  of heavy metals from contaminated d i m e n u  
9. Corrosion and irnpainnenl of engineering m c M s  
10. lnc& risk of disuse outbreak 

2.4 Managemcot of ASS 
In general, there arc five options for m w g i n g  ASS, The pmicular m l r g y  or 

mix of svategies adopted will depend on the SiNation. It ia absolutely elrontial to 
have in p l w  a rigorous environmental monitoring progrun. 

1. Avoidance 
If alternate sites containing non-pyritic materials arc available i t  is prudent to 

avoid rhe environmental and social problems associated with the drainage of large 
area AASs. 

1. PrcveaWon of orldatlon 
There arc a range of techniques which may be used to prevent or to minimix 

rhe m of pyritic oxidation of ASS Again the technique selected depend, on the 
particular land u x  required. 

(A) Burial beneath the water table or  water s u r f a m  
The production of mwrobic wndit~ons by flooding or immersion of malcr~ai 

below the water uble cur be m effective technique for temovin8 acid from the 
sediments. provided lhat sufncient orpnic mancr remains. In the microbial catalyscd 
process. sulphate is reduced to HIS. 

(B) C.pping 
It is a Icchnique which har ban wd In the lrcatmcnt of acid mine drainage In 

this tffhniquc a upping of relatively impermeable mncri.i. such as wmpaslcd clay 
a MU a uph.h ir p h c d  over the ~ l p h u d k  nureri.l to lower the rate of both 
oxygen water bay.  he p h m t  of capping macerial on the surface of 
u n u n s o l i  estuarine clays will uusc  subsidence, particularly if compaction is 



(C) B.derMda 
The rare of  oxidation of pyritic mmerial is rtrongly uulysed by microbes. 

Oxidation rates of  pyritic clump h v e  bem reduced kmpcmily by the use of 
bctericidcr to kill caulpic mi&. In Munl ccoaymm p h t  grvwch ir Itcavil) 
depndmt on inhmm roil mkrobLl pnraw. Hens. hacr ic idn highly specific to 
Ihe oxidation o f  pyrites should be 4. 

3. NeufnlhHoa 
Chemiul neumlisation o f  =id by calcite, dolomite, magnesiu and slaked lime 

can be followed. Slaked lime may u u a  pH to overshoot, which may cnux problems. 
Chemical neutraliwtion of acid has limited bmefiu, beclux acid is rcgularl) 
transported into the pond there by depleting the mutnlising agent. Although the soil 
a n  be limed, il will nM maurrlly b+ dl itr potential acidity. Soil tcxnuc and 
mvcnm m y  h v e  M influsncc on l t m l ~  RIM. In clayey wil. mixing lime with 
w i l  is dlmcult. Thc aha masrl.11 wui for narrmllntim of wid m Rlor  prerr 
muds. fcrtilisen, rice hull, ash etc. Bm this is very expensive. 

4. Oxldatlon and Inching 
As the neuaalisation o f  the ASS is too ditlicuh or expensive. m alternate 

nntcsy I# to a l l w  the masrW to oxidbe dslikntaly m d  to kach out the oxidation 
products. This Is only rscammardcd tor GOM tattud unds md gravels, which are 
relatively highly permeable to air md water md which contain relatively ~ n a l l  
mounts of pyrite. The time required for complete oxidation and leaching cannot be 
predicted since it depends an prevailing climatic conditions such as rainfall. 
fempnture and wind speed as well u the site and shape of the heap to be ox id i d .  

5. Removal of pyritic materiab 
It haa been propoaed that some acid sulphate matcrinls or potential acid sulphate 

mmrialr un k maled by removal of pyrita 'mn the dimmc. 7his pmpoul which 
lnvolws fhe hydnullc repntion md m o d  of pyrhe using hydro clone& relies on 
the Irt thet pyrlta hu a mwh larger pMiob donrfy thm camon  roll forming 
minerals like q w .  Thus tha sqmmtcd pyrite would be placed under anserobtc 
conditions below the water surface. 

2.5 Reclmmafbn ofacld srlph.te pod d b  
ASS formation in existlng ponds can be avoided by following c w m t  pond 

pmpurtion. Excessive twninp o m  of pond baaom lhould be avoided slnce this will 
expose s i m  of pamtial wid soil to bscome rhul md pmbiem soil. The most 
beneficial bul expensive method o f  using ASS Tor qusculturr is to employ plastic 
linm presently u& in SE Asia. psrriculuty in Mdaylu  and Indonesia. However. 
the procedure for rapid rnlullltim of  ponds with acid sulphate soils is as follows: 

P In rhe w l y  put of  he Qy SCWOIL Qy he pond md hrrow thoroughly. Fill 
with bncldrhwaw. M- tbe pH of  tbc M*r fkqumtfy. Thc pH will 
d mpR~ntbuof - (7m9)mbobv4 .  O a G s f h e p H p H s a b i l ~  



drain rtw pond. Re* thc proferr until the pH subilizcs above 5 .  ORen 
chrec a more drying and filling cycks may be q u i d .  

At the rune time when the pond is being rechimod. acid must k removed 
6an the rumnmdin# I-. To r c h l m  hlr, I m l  of l e v a  fopa and build 
m a l l  buab .loas mch &la of lrm to pruduw W l o w  bulnr. Flll tho 
buiDI wlth tmchwter. When pnd Ir W i  for dylng. also drain the 
mul l  @ins on thc levee tops for drying. Reput  if necessary. Finally 
m o v e  thc bunds and broadcast agricultural lime (CaCO,) over the tops and 
sides of k v m s  at 0.5 to 1.0 k8/m:. Once the 1 s t  drying refilling cycle is 
wmpktcd. broadcam CaCa o v n  the pond banom at 500 kgha 

ARcr 20 - 25 days of i i m i n ~  bnilizrtion should be done cifhcr by 
brouhst ing or spreading all over the pond bonom md mixed thoroughly. To 
prcvont pnwn kllls by accp.pe of r i d  from icvcu, pH h u  to k m o n l m d  mgularly 
and if nccervry C.C% may k applied. 'The m d i t i d  prufice of rauirq 'lab-lab' 
the natural food for quat ic  biota includes admiuion of 5 - 10 cm deep water into the 
pond aftu drying. liming and fertilization. Sudden variation of ptl can inhibit the 
dcveloprnent of the kb-lob population. Acid conditions lead to shoring of food. 
reduced shelter from predators and dufh of almost all the fauna, including culture 
8pecicr. 



3. AQUACULTURE POND SOlL MANAG- 

Succcuful shrimp culUut depends on @ baran soil c a d i .  Some soils 
ma) h v c  undc8imble popatca like po(enlial &id sulphrtc uidily. high organic 
m u v r  mIml or r x d v c  pordty.  On the ortm hmd, even if the site is good. 
problems m y  nil1 cmp up by the *rge q u d t y  of inputs like feed and fertilizers. 
which I d  lo -in @ylopbkkm prohrtion bm dluolwd oxygen. high 
ammonlr, poor bonom wil sondltion md other pablmu. Mon of ther problems 
can k avoided by proper mcmmgcmenl practices such as site selection, pond 
preparation, liming. modnate nofking etc. 

3.1 Pond prepmntkm 
k r e  uc variaur upcu in the pond prpolaion. which should k wried out 

befar the pond is urod for shrimp c u b .  By pad p~~puuion. it is meam to prepare 
Ih+ pond to haw cayari.l snvimnmcnt to the rMmp pon Lme IO live md grow in 
mdy m- w u to &In m.rleublc 8 t u  wlthin a crop dumion of 100 - 120 
days. Pond pmpuuion is #ene~Ily dah lo two uu)aisr vit.. newly conmucted 
ponds and misting cultute p d s .  The main objectives of pond preparation arc to 
pmduce the shrimp with a clean pond base and appropriate nablc water qualit) b? 
ensuring the following 
(i) Removal of predatory and unwanted animals from the pond 
(ii) Removal of poimnoua pucr - obnoxious gases such as H2S. NH,, etc. 
(lii) Omemdon of nmvrl pduoclvtty In the c u b  ponds. 

3.1.1 Nmly  conrtncted ponds 
In newly dug out ponds, the characteristics of the soil has to be understood first 

before adopting the viuious measures to prepare the pond. Soil samples taken from 
different locations of h e  pond arc thoroughly mixed together and a representative 
ponion is taken for analysis. Understanding of the soil p a r m  helps to decide the 
management stmepies to k followed in t a n s  of liming. manuring, fenilizaion. 
wlter Mnrprment *c. 

3.13 Pond prepantlon after h n m  
Before initiating 1 second cmp in r pond, the pond hu to k prcpued for 

stocking the shrimp post Irrvle. In this case, pond prepamtion is entirely different 
from that of a newly dug-out p d  excepf for liming, feniliution and raising thc 
water kvel. 

3.1.2.1 C l a n l a g  
During pmduction cycle. considerable q w t i t y  of waste nccumuiates in the 

ponds depending upon the c u b r e  prauices, This waste must be m o v e d  to ensure 
sustained production in the pond. Remonl o f  mstc by draining md e i n g  of the 
pond bottom after the production cycle arc sane  of the aeps to be followed for 
keeping pond environment clean. 

3.133 Dnl.1.l of poa& 
The firn sep in pond papntkn is dminlng the pond 1fb r  hwerc of the 

pteviou~ crop. This could k d m  either by pumping or dnining through sluice. For 



e ~ n u d ~ o m p h d n L L t b e p m d t h o u l d b c ~ i n w c h r w a y t h . r I h e  
b W  mua haw a gmdd dope horn che ink gate to dnin gate. The effective 
slope is 1:SOO. The E w t l l  wuar  arc heavily laden with sih and this gets 
a c c u m u ~  in the pond boaom. AAcr draining, pond should k dcsiltcd. ORen 
b k k  mud is noticed on the pond bottom This blrdc colour is wuscd by an 
scwnulstion o f  iron whcn the mud is depktcd of oxygen. When the mud is oxidised 
(contains oxygen). the fcrrous iron changes lo ferric iron and the mud will no longer 
k black in colwr. Thiu accumulated black nucori.l un k mmowd e l h r  by wuh 
away the wune before it dries off or to allow the pond o dry out and then remove the 
waste 

In this method, after the find drain harvcs~, the ~cwnu lncd  black matcrlal on 
the pond bottom is flushed in the form of thin slurry ruing r pump and r prmure. I r  
is quick and mom efficient process than the dry mothod, roduclnp the period k twmn 
production cycles. The advantasc of this method is that waste IS rcmovcd in 
suspension. This method needs a settling pond where waste 1s removed fmm the 
water and mated repeatedl) to avoid polluting the local environment. 

P o d  mad drylpp and Md- 
ln this method after thc final drain harves~ the pond bottom is allowed to dry 

and crack primarily to oxidize the organic components IeR after the previous culturc. 
Thc pond bonom is sun dried for at lu r t  7-10 days or until it can support a man's 
weight without subsiding and the $011 should crrk to I depfh of 25 - 50 mm. AAor 
drying. the wrstc can either k removed manurlly or with muhiner. 

This method has some advantages, for emple ,  the solid waste can be easily 
handled and transported away from the ponds. I t  has aiw the beneficial elfcct of 
making pond boaom harder and it may reduce the levels of some pcthopens in the 
pond. However it needs site for dumping of the removed wutc. 

Pond drying between crops is a common practice for reluring nutrients to the 
pund water in brackishwater aquacuiturc ponds. In aerobic decomposition. the 
organic mamr is oxidized to inorgan~c subsmwes such as carbon d~ox~de, water. 
ammonia sulphate, phosphate eu. Dying and cracking of pond bonom enhances 
aeration and favours microbial decomposition of soil organic matter. When ponds arc 
drained and boaom soils exposed to air, which contains 21% oxygen compared to 
0.0007.h in water, oxygen supply for organic mawr decomposition is greatly 
enhutc4. Soil respiration mcuurcd in 1 pond boaom increased drut iul ly durina 
Rrs 3 days after drylnp. The moirmrr level of pond muds affects the m e  and mount 
of decomwrition. The ontimum moisture content for drying is 20%. but it might vaw 
among soils from d~ff&t ponds Excesstve drying of w&r-saturaled soil &ay have 
adverse affect on mlcrobtal activth' resulttn~ counter producltve w~thoul any benefit 
Pond drying cerlatnly enhanccs'the m~n&l~sal~on of organlc phosphorous but 
mlnmltsed pbos@phosphonu a subjated to avaliablc for waler wlumn as well as to pond 
mud It la .lar&p ktrn to a l h  utumud the mud with m l ~ l l ~ w d  I ~ ~ ~ W I C  P 
nth dun exLan8 in orgu~~c forms under duc lng bonom e n v l m m t  

Sludge removal obviously look organic material out of the pond kfm it could 
mirvnlise and rrl- inorganic nutrients back to the waler column. Both ammonia 



u i d m o i v e a t h o ~ v a c b r r r i n t b t d u A g c r r m o v d p o f a r .  DLppoVlof 
sludge on high gtcund reduces thc impa of dnL, huvca effluent w Ihc receiving 
raummd incutainsiaurionsnuyimpwehipamdwil@i. 

Shrimp p o d  will coruis~ prinurily of m i d  soil (95 - 989") and m u i n  only 
I lialc organic urban (2-5%). In our m d y  in Nellom District of Andhn W h  and 
V.0  C Dtmict of T m i l  Ndu.  it was obsavcd chi thc organic carbon content of the 
soil never incnued beyond 1.5% during cumuulurvcs~. Hrnce m o v a l  of 
rcdimtnrP from pond boaom may mu be neceuary. 

3.131 Poad mnimmama 
T k r p c n d d U r o b ~ v l r b w i l ~ k h r b o e o m s ~ u i d r h c  

innn slope of IIK dike is unuolidued with soil. Tunnels 8nd hole m u d  by 
bunowing organisms w to be clordlplugged. Reccndftioning of the bmom trench 
leveling of pond botbnn. repairs of sluice structures and sluice v m n s  arr also lo be 
acnded. 

3.13 nltlng 
Tllllng or ploughing or nking thc botMn Boil impmvw roil q d i t y  by oxporing 

subsoil to the umotphsrr thereby qmding up U t i o n  pcocels 8nd relure of 
nutrients rh.1 w lakod in the soil. 

3.1.4 E n d l u I h  of p d a i o r r  and nnwrmted specks 
After che crop is huvescod, undesirable like pesis, mpctitors and 

predators remain in the ponds, which should be removed. Peds arc species that 
gcnmlly de not b8ve d h  humhl  e t f s u  on the cultured stock. Some pens like 
cnbs bwow into dikn.  This can dun* Ihc dikw and uwc 1- which may 
allow my of uadrhbh -In Into tk. pond or tkr #ups of c u l W  rpo$les. 
Compakon uc rpacler cba canpate fbr qucc. food oxygen ctc. with the stocked 
species. Predators w the species that prey on the c u l m  sock. These species 
include finfishes, crustaceans and molluscs. Elimination and conbol of undesirable 
species fmm shnmp culture pond is very impomt  to get good yield. There are two 
methods to conml che undeainbk species. 

EhuwmUd 
The most effective method is drying the ponds. D i m t  sunlight helps to 

disinfect the pond bottom of light sensitive pathogenic miau organisms (bacteria 
fungus, vinrs) md to desiccate egg, larval md sdult nrpw of predators. It also helps 
in elimination of undesinbk algal mats of filmentous a1g.e. Unwanted organisms 
w m o v e d  from the pond by drying of the pond bottom. Other methods includc 
innslluion of appropriate m s  in the wtldmlct gata to prevent entrance of 
undeainbk rpfioh propt  nuintcrvncc of d h  .ad w w  @tea to pmvmt b e  
and m a d l u r e  boring apnimns Ika onbr md -1. halng cukum, xls t ive  
hmning or the ur of M am ran be romaosd m mtnblzc the imp.* of M d o i n b k  
s p e c k  

s h m k u s w  
In cases wherc complete drying is not possible, organic, biodegradable, 

pisicidor nrh M Wu oil wke (100-150 ppm) .nd ta d &(IS-20 ppm) can 
kwdEndk.tknofuDbrlnblrlpolaLny~r*uy,s&Bcl.NadEut 
when d r m i i l s  we ud. Thia is bawa cbaaiais w u fonwt a systemic 



poison. After the applicuion of the organic p ~ r i c l  a lun a minimum period of 10 
dryr &odd be gim fa its toxic effect to be degnded. 

Plant ex- pesticides ue recommended since thcy arc biodegradable and 
also in moa wcs conuibuw to the knility of the soil. The commonly used 
paicidcr ue: I. ' (BPuI(I Ia(IWlo): 200 - 250 ppm (2000 - 
25000 W). 2. --endad dopl ua 12 ud 20 g/m' for rl inil ior 
above ud b low  I5 ppS rrspctively. 3 .  TIM msd of Cmron 
nglhm @ 3 - 4 urn' warn is applied. 4. -;is to MI1 crabs. 
ARer applying calcium carbide into the crab holes, water is poured to lctivate i t  
which kills thc crabs.5. Ammonium : This chemical compound, which is 
also a fen i lh r  (21 - 0 - 01, is m effective md iun t  when used in combination with 
lime. Ammonia is reltusd from the mction of nmmonium sulph.te with lime. It ir 
applkd In pond at r d o u p  of 1 pm of unmonlum sulphur to 5 pvu of lunr Lime 
m u  pc.f&ly wplled dm to rum the DH rlno. the w l d  mlww olunmonlr from 
ammonium sul* is dependent on h igGp~  (above 8.0i 

3.1.5 Liming 
Liming of the pond bottom IS one of thc most Important items in pond 

prrparation to keep the pond cnvironmcnt hygienic for sustainable shrimp pmduct~on. 
Llmlng is an agricul~ml practice that hns been dopted by fishlshrimp culturists and 
lime mucrials d in aqrucul~ve ue thc m e  that Is appliod in agriculm. As r 
pnctio~ lime muerub such u agricultural limonone (CaCO,), qulck lime or 
unslaksd lime ((30). m d  hydrated lime or alaked lime [CI(OHh] ue commonly 
used in agriculture. Besides above lime materials other materials such as dolomite. 
calcite, sea shell and hydrated granules gained imponancc recently in shrimp culture. 
Most of the shrimp!fish farmers use these materials depending on local availability. 
Appliutim of lime is not for fertiliwtion but is a remedial procedure necessary in 
acidic ponds to accompl~sh one or more of the following I&: 

Neucdising acidity 
Increasing pH of bottom roil and thereby enhancing the availability of phosphorus 
added in fcnil ixr 
Accelerating the microbial acliv~g and thereby diminish~ng the accumulntion of 
organic mattcr in pond bottoms and favouring recycling of nutrlcnts 
Maintaining the alkal~nity and other phyr~coshemical charactcrist~cs of so11 
which in turn helps in enhancing fishlkhrimp production 
lmpmve the hygiene of che pond bottom 
Permit oonnal reproduction and growth 
Improve survival of aquaculture s p i n  
Greater svaibbility of carbon dioxide 
Enhances the nitrification due to the rcquirancnt of calcium by nitrifying 
organisms 

I d a M a t l o a  01 pond. n d h g  k c  
Ooncnlly waan mfkr th.n I0  mgA of to t~ l  hudneu unully nsed lime 

appliiutianr fa inorganic fertilirstion to be effective while ponds with water of 20 
m u  or mom toul hardnen seldom responded to liming. Actually total alkalinity is a 
more relhbk indicator of thc nad  for liming than total hardness because m e  pnds 
may have a low mi hardness and a high alkalinity or vice-vem. But tdal hardness 



and tot81 8Iluli11ii r m l y  hid be of r m u ~ a  in krlrbmw p d .  Mmy t ima 
t h e n e d f o r l i m e i r f v s r r u ~ w h c a i r o r g f o * f a r i l ~ f r i k e c p r o d u c e ~  
adequate plrnkMI baom. In brackishwater soils, whac wxtu cxchngc is  no^ used 
and mils m r i d i c  a mm whem *lacr achtrye is uad kn whac roils arc 
cxbrmcly acidic (rid-sulfkte roils). liming may sraan mar importance. 

W i r y  walmatba of U l r  utcrh* 
The canmucb l ly  w a i k b k  lime macri.b have to be colkctcd and ~ a i y s c d  far 

their newll iPt ion value. The term "namrliing vduc" refers to the mlative ability of 
lime M t n L l s  to neu tn l i r  widity. Rm cakiwn urbonuc is assigned a 
neuhalirstion vdue (NV) of 100 per mu aad is the aud.rd against which various 
lime m8tsr i . l~  M corn@. The neuh.lisb porn is nothing but a su(emcnt of its 
strength with ref- ec cakium cdrbma a its cakium urbant. equivaknt 
(CCE). The l i  mudrl, .mn dsvod 60 umh s h e  (035 mm) md 
m l y d  f a  their CCE whea. Ths A m  tho llme muai.l, quicke~ is the mction 
wlth the aoii. D i f f m t  lime m a a i r t s  rvaihbk in the m u k n  vuy casidanbly in 
their puticie size. A mechanical analysis is made by the use of different mesh sieves 
to calculate the fineness factor or eff~iency rating (ER). 

The ulcuhtion of finmu fanor rating f a  r sampk of ngricul~rnl lime none 
that w8a ~ b j d  lo sieve uulysis is as follows. Thc p m i c l a  of lime passing 
through 60 mesh r i m  ur nmd I W per om atlc*n& t h e  puring through the 8 
mesh skw us W 5 O  par om &imt and those ratlined on 8 mesh sieve M rated 
20 percent e f f ~ i n n .  Finally, the per cmt efkaivc cakium clrborratc (PECC) value 
was h i n d  by multiplying the estimated CCE with fineness factor values. 

Calcnhtion of llme rqmlrwmemt lor pods: 
Thc lime rquirrment of r roil un be defined as the m o u n t  of lime material 

thal murc k ddcd to r a i ~  the soil pH to 7.0. FinL the mount  of lime needed as 
pure cdcium urbonuc is uloul8wd bud on tho r a w 1  pH of pond mil and LC 
nrmnt of the ug to be applld.  Vdwr of llming n m  u purr C.C% (mnJkr) with 
M eftlcieney of 100 psmant am calculated from the fwmulae given below. 

Desired pH - Actual pH 
-- X 0.5 

0.1 
Lime needed - -- X a m  

EfAcioncy of lime 

Then. the recommended dose for vaious lime materials was calculated by 
dividing the value of lime needed as pure C.CO, wlch the PECC value of that 
particular lime MJerilrl with dtc f m u k  g i v a  below. 
Recommended rate of application of lime m e r i a l  (tonslba) : 

Liming n t e  as pure C A C ~  (to&) 

m c 1  - 
1'("?1 

what. PECC - Psnsnt eRsctive a l c ~ u m  urbarm a cfliciency prcan 



MetkldJ of Umty 
Liming un be d m  in two ways. 

By b m d c ~ ~ ~  over dned pond which includes the dike inner walls and . By mixing with walu d spraying o v a  fhc p n d  bonom 

la wing tba above mcrtrod* thc lime rhould k spmd u uniformly u pasible 
over rhe a n p k o c  uvficc of thc pond m d  should be ploughed upm 10- 1s m depth 
for thorough m i x i i .  This should be donc at km 20 -25 days bcfolr fcniliser 
application in minimum wlucr column. This is imponant becrux liming materials 
will prsipitaDc phosphorus if applied at or n w  the m e  time in the form of fertiliser. 
Depending upon the soil pH. thc lime is evenly s p u d  over the whole pond bonom 
md upto the top of the dUto md  IsR for 10 - IS days. Durins this time, llmr will 10101 
wtrh mud m d  will raul t  In puu avdhbility of pho~phww u lrmr m e  when 
phosphatic EcniliLcn are applied. Plo@ing md rilllng is recommended only If pond 
is deeply contaminated. Effective plough depth is 15 cm. A large proponion of the 
lime should be spread on thc feeding arras and any part of the pond that hm remained 
wet. During the crop, lime in smaller d o x  may br applied to maintain the pH of the 
pond between 7 - 8. The mommended levels of lime application during pond 
preparation arc given in Table I 

3.1.6 Far?illut&n 
The usual way of incmaring the wrying c w l t y  of the shrimp pond is to 

improve itr MMI fertility through the addition of organic m d  lnorpnic fertilizers. 
Pond fertilization is an imponant and necesssrq step in extensive and semi-intensive 
methods of farming operations. Prawns krnp bonom dwrllers, knthtc orgnnrsms 
constitute their main food itcms Hence fcnilizstion of soil instead of wnter is more 
effective. Fenilization of pond should be donc nRer 20-25 days of liming. It should k 
broadcut'sprend all over the pond bottom and mixed thoroughly. 

Table I. Amount ofllrne (loadhs) to nlse the loll pH to '1.0. 

5.5 to 6.0 ' 8.5 to 5.7 ' 8.3 to 5.5 6.9 to 4 6 
5.0 to 5.5 1 11.3 to 8.5 1 1 l t o 1 . 1  9.2to6,9 
4.5 to 5.0 , 14.21011.3 13 .9 to I l . l  j 11.5to9.2 
4.0 to 4.5 , 17.0 to 14.2 16.610 13.9 ' 13.8to 11.5 

Organic fertfllzcra 
Organic fertilizers or manures arc a imdl  wanrr or agricultural by-products 

which when applied to pmds. dccomporc slowly to mleue nutrients The most 
common aqanic furtilizcrr ue mimal n u n u n ,  riw bran. m p o a  and aewagc. 
Appllutioa of organic fsltilizcrr e g c M l y  in newly developed pondr b d v i u b k  
baaur It wec u mil condftlom. Dlffumt forms of a @ c  mmurcs ud 
perecntap canposition of available mjor nuvienu an shown in Table 2. The rate of 
application of q m i c  manure in shrimp ponds m g c r  from 500 to ZOO0 km as a 
baPl Qsc. In nlinclbrsckishwavr conditions &composition of cank dung IS slow 



Ckrhl (bnPhm 
Enhaamm of ramimu using h r @ i  f m i l i  is ropuid m ponds to 

i- d~ p h ) q h h m  prduclbn. Lnapnic fatilireo m s y d d c  fctti lrrm 
thd generally conslin a rmount of n kM one of the rmpr p*m nutrients like 
nittugen. phosphorus and poussMn k mjor mmiaru arc q r u d  on 8 

prsmtyc by wight buir .  Nitrogen is cxprrad u K Pi md p h p h o ~ ~  .s % 
ox& (Pa). Di- h*m, d &opn fadltsrr a mihbk in dte 

n u r b c m d w m e ~ t h m ~ l a h a o ~ a ~ a b u K 4 l n - . q u u u ~ ~ c  
rhaminrhcTrbk3. 

Nlmccr (NO,) lam of hnlllrm vc highly aolubk in water. On .pplicuion In 
ponds, r ponion of NO, Iwchcr dopm lo the d u c b q  zone of che pard and geu 
reduced to nitrite f m  OJq) ud uhimoly loa lo ekmcnul nitrogen b) the 
dcniuify~ng bacterial pr rm in the environment. On the othn hand. ammonium 
(NIL) canlen ue kaer fcnilizcn u they ue absorbed b) Lhc cxchonpe comples in 
the boaom roil and loss due to leaching is rhw avoided. Urea is the wldcl) used 
nitrogen fatilizcr in ahrimp ponds. Appliucion o i  u t u  in split d m  at regular 
intervrlr yield optimum ruuh. It is ccnocntntcd in pnnulu form and ccunplcteI> 
wlublr In wrtcr Thc wnwnlo .  of wm Into m m o n ~ i d  and nlmo forms q u l m  
7 - I4 day1 Urn 18 I d l e  lo bo loa In hvhinn on!, for 3 - 4 days l & r  m l ~ u t ~ o n  
Omc U& is sonvcnod to unmmial form, it is-lbdrbod roil ~o l l o~ds  ;;d r low l~  
relowed and nitrified to n imm.  

T rbk  3. Some of the a t t m o u  krtilbm commoaly .scd im bnckishwnter 
rqaacmltmn 

Fenilivr An~hbi l i ty  

Ammonium rul 20-2 1 K u NH, 

Ammonium niwmc 

Urn (NHJ CONHI) 46KN 



PhpL.cc krotrm 
Single rupr p~~sphmc ICa (H:POlh 1 ad n d i u m  phosphate 

RJWIHzPCh)Ur tbe tao nuin f a m r  of irorg.nie p tmpbc  fmlliacn with availabk 
pbwpbc a P k i n g  16-18 X and 18-56 K r r rpa iwl} ,  ue undu grtu use in 
q w w h .  In unmonium phospha~~. 11 h ni- is also a v u k k .  The m c  of 
q p k a ~ ~  of IIIUC r s n i r i   sol fmm 25 co too .I r bul d4u durin) 
pond-. 

Rate of a p p E k t k .  of borpak fatUbcn 
The rsc  of application of inorganic fertilizers rnnges from 25 - 100 k & b  as a 

bual  d o u  during pond prepration with minimum natrr dqxh of 10 - I .( cm %'hen 
Ihc shnmp cukurc pogrrrws. depcndlng upon Ihc ph~loplmkton densit] as 
exemplified by turbidit) of thc p o d  wow, the rcquirod qwntir) of the fcn~lucrr  ma) 
k epplicd in split doses 11 *on intcmlr for wluinod plankton producuon. Bued on 
the content of avdhble nitrogen m d  phosphorus, the rqulnment  of inorgmtc 
fcni lucn can be wdernood u shoun belou - -------. *- * --.-........-. 

Available niuogm in soil Quanr~t? of urea 
(mgl100 g soil) (kshn) --.-. -.- .-----.*---------.-..--.-----.. 

12.5 100.00 
25.0 SO 00 
50.0 25.00 -------------- -----..------.---..---.- --.- 

Available phosphate tn soil Qwntiry ot's~ngle 
(m&'lO0 g soil) ruperphorphuc ikpha)  --*--.--*.------------.----.--.---.-.-.--. 

1.5 100.00 
3 .o so.00 
6.0 ?J 00 --- --....-- ---- -.--.--.-- - ---.-.-. - -.-- -.-.- ---.. --..- -.... -. 

The main nutrient limia~ng phytoplanlilon productton In brackishwnler p n d s  1s 
phosphorus. Hmcc boIh phosphorus nnd nirrupcn should he applied in the ratio of I 
I Applicuion of fenilixrs In pond should be rcyulatsd depending on the 
phytopMaon density Exccrrlvc appliution of M. m d  unmonlum fon l l iun  my 
CJW ammonia toxicity m shrlmp md dw may lord m a lp1  blooms nducing of 
dirsolvtd oxygen. In shrimp f m i w  both orguiic manures md inorganic L n i l h  
arc suppkrnentq to each other and one cannot be cxchangcd for Ihc other. It 1s 
always bmcr to apply both organic md inoqpnic fenilizcrs topelher w r h.sal dose 
during pond prepmation for oprimum rnuh  

3.1.7 h b i y  of water lrvd 
Thc p o d  1% then filled with brackish or mwmter by pumping or by opmlng the 

SIUICC wlth pl~pn screens to prcvcnc cntr? of unwanted organtms tnlrl the pond Ihc 
user levcl IS m a r n u 4  to 30 - 40 cm and allowd lo rcmnln for 10 - 15 &yr 0 )  
t h ~ s  tlme. the w l w  of warn m) turn dark green w ~ l h  a lp1  blwm and n la)cr ol 
knthlc  .Igrc h g w l t h  asroc~ated food org.nim\ will form at the bo t t~m 



S u ~ a r u l l d a v r o f ~ i c d ~ k r t i l i a n m r ( r p l i b d b a c d m ~  
abwnaiau (amqmacy ricb s c c b i  dim 30 - 10 cm) of algal pmduam. Thc 
water kvcl b dm raised to LOQIUcm. Now thr pad u mady Iix stocking 
-0fbrirnp. 

Once rhc pad is f i l l 4  nutrias will rrbue to v*a eohnnn rsarlhg hi* 
nanmc  carcenaaiaru. High diuolvd i m r p f i k  n i a g n  (DM) unantrstion 
mi~fonuincauidmbkwwmofrmmmLmdnirr iccwhid,myheulnuod 
~ a U l r l a d t k u s i t u . I w a p u l a a o C l o ~ W r h r i m p ~ t d t e r f i l l i q p o n d .  
Pahrpr one-wkk time my k ~ f f i h m  to dscrsuc DIN cawrmntion allowing 
phk ia l to .bab .  

3.2 Ma-t of pomd bottom d e w  &tan 
Mn# c u h u u  lnplu like h w  cnaly  pa(^& Isd f m i l i z a  nc m added. 

The f e d  no! e a r n  by the shrimp s m h  to pad baaan. Thc urhmscwuc mancr. 
suspmded solids, faecal matter and dcld plankton ctc. also pntle u UK pond bonom. 
Thcx rmUri.1~ have mbined effect on dw env-t of dw pond bonom To 
undenund UK cmdition of the pad bmcm, the following p.nm*ar are to be 
monitored npr lu ly ;  

pH of d l  
This is one of the man impman1 mil quality puun&rs since it affects the 

pond condtt~on. G m n l l y ,  soil pH ranging betwan 6.5 ud 7.5 is UK bcw suited 
w k  avallnhilit) of nitrogen. phosphorus. pnarsium. calcium and magnesturn IS 

rnaxlmwn. The micronutrient whosc requirancncs uc very m a l l  is also available In 
chis pH nnge l l ~  low pH of bonom rcdimat Indicates unhygienic condit~on nccds 
regular check up. 

Orpmk mmnrr 
Vnutilited feed, urbonwous m u m ,  dissolved solids. fvcal  mamr, dead 

plankton etc vn le  at the pond boaom and nsultr in che .ccumulatlon of organtc 
lords The change in the bonom In t e r n  of increasing organic load should k 
rtcorded rtgulul) for the mmrtement ofthe pond bonom. 

Radoi-po(.mthl 
Reduced or uvnob ic  d i m m u  m y  a c u r  at the pond bonom of heavily 

socked pond with huq organic load and pooc water circubdon. Under m r o b t c  
condition of UK pond bottom. dud subMnces w c h  as HIS. Mi,. Clt etc. an 
f m e d  which art toxic lo henchic w g m i m .  

Water circulatiw by w m a  excbmp,  wind a d m  helps to move waler 
rmu mud r w t k e  .ad pmvan the devslopncnt of ndvcod condition. Bortom 
should be moochaod rd rlopsd m RsiUme &ahin# of a p n i c  ulm ud toxic 
rubnuracr. C I l m l d n l n y d I n t b p a d n u y ~ k l p b t b e h e d o f  
o r g ~ l c  wu* palodiully. The rsdox paeat*l (h) of mud W d  noi exceed -200 
mV. 





. p p m e h ~ ~  .quuulrm).YdbrcMdcomridanb*hadmy.~s 
gmdly isMa lmauk cy.ncbuah. m h  a l p  fungi, s*. Same Chinese 
rmrrhonmnr l r * i tb*o~bbm3Japl lmiaobiQ"a 'Ef tcct iwmivo 
bim': it b r b  h o m y d d c  bumin, ~ c r r o ~ ~ y t .  ~c i i - t rs .  
. W l r r o b M m o .  DrnuryYbtg ng BiRdobumicaa ac. Uwl ly .  it docs n u  
include m b  alpc.  In English l i .  p m b i  brcait m t  gmdly ulkd thc 
knr* which an impwc the wta quality of q u u u h .  and (a) inhibit thc 
pmopnr in WIIU lhac by inuusing podudim. "Robiaicr", ' W i t ' ,  
'Probiotic baccai." or 'Bencf~~id bacrt" uc the mac synonymarrly used for 
probiotic bflcrL. 

R w l y .  the biownpolliq Ihca/ hu boca applied to . q w u h .  Many 
-hn~p lmorromrWndofpmb(akc tn .quwuhur rv lammpul . tc~  
mino flon of .qurulcurr v*or. cum01 p(kgenic m ~ i m n s ,  to mhuKe 
decomposition of the undcsinbk wgmic rubstmcu in qurulturr warn, nnd 
impmvc ecological environment of .quruuh. In addition, the use of probiotics can 
incrav the pqruldion of food organisms improve h e  nunition kvcl of quacultural 
anhrvtr and Lmpovo immunhy ofcvlnad rnmulr to plhgonic micmorgmisms In 
d d i t i m  the iac of antibiotics md chrmiulc un be rsducsd and frequent outbreaks 
o f d i u u r  can be prrvamcd. 



4. WATER QUALRY W A G E M E M  m BRACK~SRWATU~ 
AQUACULTURE 

Shrhnp fuming in bnck i lu l l c r  pnwh  is m economicall uvlctlvc md  a 
npidly M n g  i n d m  in nun! rropiul nations Shrimp farming promisxi quick 
and high rchMs with linle invemnent. Homwr. pmductim of l n m p  in ponds IS 
often limited by the water quality degradation Pow environmental condit~ons bnng 
in a sue of mess thai is unfavwnble for the culturcd animals but favournblc for Ihc 
d ~ s e w  w i n g  .ponu. Ow break of d ~ r u c  In ahrimp culnv. synun IS n M  to the 
mvlmnmmt hrCUH1 m h  u dernion~ion of water quallt) and sedimenatlon Thc 
wuer muugemenl Md control of mter qual~n uc thcrefm kc) factm Ibr 
regulating success in brackishwater shrimp/fish fcum~ng. Haslc arpcts that cm luul 
to serious problems are 

. I SNO. FAno"cL . .-.-, 
!-%k of proper monitoring of water c h w r i s t i o  
l B. Exceu of phytopLrntton grouzh. 
J C. Ur ofchlwinc in gron out ponds. ! 

Excessive Liming 
. High d k a l i n i ~ i o s i v e  pho~phorous 
F High suspended solids'H~gh organic load 

' G High toxic nitrqmous and sulfurous compounds 

1 H. b c k  of  pmpr  aeration and water exchanw 
! I. Over Feeding 

4.1 Mooltorln: of wmar chanchrls~er 
The physical variables such as pH. Salinln, lurbid~t) and Tolal Suspcndcd 

Soi~ds (TSS) and chcm~cal vanable?, such u 0x)gen lcvcl I N ) .  Alkallnit!. 
Hardness. NH,. N&. Chemical oxlyen demand ((:OL)). B ~ c ~ h e m l a i  ox!gcn 
dcmand(BOD), residual chlorine and H:S arc the mort impinan1 pnramncr% for the 
management of the pond water The k s t  gruulh pcrformancc of animals can be 
achieved only in optimum conditron of lhesc envimnmcnLnl factors The d i ~ h u y c  
wuer quality ir directly relamd to the w e  water c h u r i s t l c s  Their compuiwn 
IS very useful to define standards for regulation of aqua firm discharges 

.I.l.I Physical cbanctcristica 
Ph)s~cal water quala) parameten required for bracklrhuatcr rhnnip iultux 

arc presented m the Tabk I 

Watar 1 ~ p ~ n t u r e  
Wucr tnnponturr: plays a vcr) tmpoml  role In reguluin& thc u t iv i t~cr  of 

cultured minds. The optimum kvcl of m p n t u r c  for moa of the brrckiahwaer 
penvid shrimp is 28-32°C. The rue of chemical and biological reactions is m ~ d  tcr 

double a mry Im i~ rcase  in tempenlure 7h1s mcanr that aquatic organisms will 
uw twice as much dissolved oxygen and chcmiul m t l o n s  will progress twice as 
f m  at 30.C h 2VC. Thus the dissolved oxygen rquircmml of aquatic species 1% 

higher in w- h n  in coola u e r .  



I n ~ l t n t k r v p o a d s . r p b a c c o g l l r ~ b s c w a s l c h e t i d . l  
U M u d t t b e ~ l b B t u ~ * W ~ ( h c ~ d I y d F l r t h C  
haperavrrofpmdw~~nuyIhmcupbyondttbe~~*reeclrmhspuinO~~.lity 
d r r u s d ~ . T h c h i ~ l u o f m p o r n i o n m r y a b o a a r w i t h c h e m h o f  
incrruc in nlinky kyoad (hc tdcnac+ k l .  SiiWy, during the wintu vuon 
the lor lnnpmaar will hve  a chilling emct  I C C I U C ~ ~  mcobolk lad gmwh nto of 
CUhIId pl8Mu. 

Tab* I .  Naul, opHmam a d  nltlal of pbydc8l c l u r w t c r W h  of 
shrimp 

hm water 

On account of wbqurl distribution of Ianpnturc with higher tnnprature near 
the surface layer a d  decreasing tmnperrul~c with depth. h a 1  w i f i c s t ~ o n  can 
occur in decpcr ponds. This un result in reduced hut budget for the pond and 
formation of m*hane. hydrogen wlphide and ammonia c m  occur cnuslng 
dcgrabtion of water quality. Thc planting of trees on pond dikes to give shade uill 
rcducc strrtification but at the m e  time &cc the hef tc i a1  effects of wind mixing 
and rcrtrictr solar energy for photosynthesis. Opcntion of rmon durinp warm and 
ulm rlbrmoona help to bfmk thmd llntififuion by mixing wum surf- water 
with cool sub ~urface wltcr. 

pH 
The pH indicaks acidic or basic nature of water. It is an index of the presence 

of marbolites, photos}nthaic activity and the fcrcilit) of the pond water.. LOU pH 1s 
rrponed to be humful to crusacuns md h i g h  pH un kd che alkaline death. 
Efbtcftr of pH on the gmwh of shrimp is rhom below: 

F- 
pH EFPECT 

I 4 Acid death point 
4 4  Slow pro* 
6-9 &st for gruwlh 
9-1 1 Slow growth 

L I I AUlllin Quh poinl 

The normal nnp fa Ibr gxmth of paamid pnm h 7.0 m 9.0. Above a below 
this m g ~  the w m r  rhouM immed'ily be cbuyed It u a maximum when 
photosynchetic rtivit} is vigomur. High pH nluc mcuw wucr is too fmik ,  
thacfm. that is the pasibility of pbnktoo Mam, w h i  m v c  wbon dimx~dc for 
uu in photo~ynrhests d m a t  oxygcn is f d .  This result in M iacruw in 
&ns c o n a n m t b  (Ca and Mg hmdnm). w h i i  ruct  with water to lam 



hydroxyl ions which in ~ m s  incruv thc pH H~gh p l i  WI dnmuhull! rrduce thc 
m v ~ a i a  ionintian ccmtmt inmasing X of thc mxic unicmized pmion 

As a medium for shrimp cuhw. bmckishwater has nun) ads-anyycr. It 
oontainr a high caKIcnmtion of nutrient nhs .nd is prfcrcl) buf fed medium 
ag.lrm h p c  chmpn in pH. N a x t h e b  It can flucrrvter bcrwrcn 7 5-9 5 with thc 
accumulation of midual feed. dad a l p  and c x c m  over a 24 hour pricd with 
lomr pH occurring n a r  dam d the highen pH occurring in the aRcmmn Low 
variation in pH wdws will indiuw smbk phyzopMrton blooms T k  pt l  should k 
in optimum kvel oi7.5 m 8.3. I t  should M* vary mow ~hn 0.5 in a d.y 

-l* 
The tcnn ralinic). refers to thc toul conccnmtion ofall dissolved lons in grams 

contained in I kg of ua water. Following major ions connihute to the saline nature of 
w r w .  SaliniI) as a single factor play m Important role in prawn farmtng as i t  a 
responsible for many functions such as mctnhol~sm. gnnrlh, osmot~c beha\lour. 
reproduction etc. Rams  haw an optimal range ol' ulrnlt? for better gmulh and 
survival. depending on the r p c i n .  I f  thc ulmrr) is allowed to go beyond Ihc opt~m* 
limit rhc pntrru refrain From laking nomul food and htacc vc muiued and 
became rurocptlbls m dimme. 

In pond Mndition. the tiger p m m  PCNIJU momdon can tolerate n.ide range of 
rshniry from ru low as 5 ppt lo  a hlgh of 40 pp, but whik pmwn P idtcur and 
banana pnm P mcrp~cnr i r  p m a l l ~  prefer brackishu,akr (Salinity . J to 25 ppt). 
Sallnit~ above 45 to MI ppt can k lethal. Mon rpocles will pmu ben r t  wlrnltlcs of 
151030ppt. 

1 1 W )  Seawater j ~ ~ ~ ~ b ~ ~ t ~ ~  P ~ h w a t e r  I 

I Chlorides j 19000 1 12090 6 / Sodium 
4 

1 I05W 7745 I 8 
1 Sulphak 1 27W 

I 
I yv5 16 .-j 

Slangnassiurn 1 13%-.G ____-.-..-_.,_-.. 125 ..-fi_-_ .. -; 
I Caicrum I 400 308 42 ' 
j ponurium 1 380 75 i 2 i  

Biwborutc 1 142 1 156 I 174 : 
/(M 1 86 35 I _ _ ]  
[ Total I 

I 345% ; ?I!:u 1 263 _ 
Due to high evapwation mtc In summer, salt conccntratlun In pondr gradurll) 

increase. Winity may increase to be)ond 40 ppt whrch u n  affect the p w l h  of 
pnmr. W u a  should b cxshnged fitqucnrly either by pump or *ugh tidal 
ordunpc. The puundwuor with low ulinity (2.3 pp) can b uUlLsd for radwina 
the Ylinlty. w w u a  (35 pp)  mired with pandwaM can be u r d  for prrpuln8 
w u u  with required alinity fw  uw or exchange. Sudden fluctuat~onr In chc lollnlty 
associared with thc huq. rains result in h u v ?  morUllt) 

Ram I.IY.c arc produced In wakn HI& u l~n~t les  of 18-35 ppt but advanced 
pas L.Nd sage onen uc naked In ponds where wlln~ty IS much lower At the trmc 
oiaocktng they should be awllmstcd gndually to the allnlty of pond waler sa as to 



Tocrl Sol16 
o r g m l i c u d ~ . r a k . M * s u r p a d t d ~ ) d d i r o l v e d n v t o r a f c  

c a m c d u u l t r l s o l i d r . ~ o f ~ u d i n a p n i d i t h u s a h m  1hin.n 
Imhdfwac is Iwm di&.addirrdnd~tidruc poldonoforpnic 
md inorpa& mi16 vhlcb k en fltarbh. SuUabk mll& mom thn 20 mVI ~n 
in npid silting of Ihe p a d  od of wosr dcpb. P a t h  of imqmic and 
m i c  solib Ih.c vc not d i d d  are urrpndcd mlidq%S). Defmesiation. poor 
mil  m.rusrmnr pKt iccr in qp i cu l~ r c  md mion in drainage basins of rivas  arc 
majw uuvs fa bav)  lad o f  nupnded dids (rih and clay) in !nukc warn. 
Optunum h i  of TSS for moa of the dvimp is < 100 ppm. Excessive TSS ktd to 
increased lodimamtion o f  ao3yrmn. 

T1rMdlty 
Turbidky un be ouard ~~ by p*nlaoak orgmimna a by nupndcd w i l  

pucklu. The Nlbllky due w slh md clay prrklcr  k .Lo hrowm u inorganic 
turbidity and un i m e r h  wtch h e  pnemtion of li& and by . W i n g  nuvienu 
present in rhe warn and in NmS affects the gr& of benthos. This can caus 
unerriaesr and nrm to chc shrimp luding lo d i i .  Surpndod clay panicks l > 4 k  

volume) damage he gills of  plmu by cbgg~ng it. In ctRLin cucr oxygen 
dclicimcy  ha^ also bccn rsparcd u a r m h  of ardden incrruc in ntrbidity. 

Turbidity dw to both p M d a r  daulty and aupmded silt and clay puricks u n  
be mururcd in toms of mnspuuncy using Secchi disc. High value of tnnrparcnc) 
(-.60 cm) is indicative of  poor plankton density and therefore mtcr should he 
fcnilizcd with right kind o f  feniliras. Low value indicates high densit! of  plankton 
and hence fertiliation raw and fraquency should be reduced. The opimum range of 
trwpucncy is 25-35 cm. T m p r c n c y  less than 20 indiutes that the water IS 

unsuitable fw  shrimp culhlrc and should be changed immediately to flush out excess 
bloom. 

4.13 Cb.akrl e L . n m r W h  
Chemiul water quality p~mctnr required for ~ M m p  fuming ur given in the 

Tshle k l ow :  



-0aP 
DO is the mW i m p ~ l n t  ud critical wua purl@ p.rm*er k u x  of iu 

d i i  dfe * feed ~onsumFtion MLI marbdirm of m p  as w l l  u indirect 
in* * Ma qwlity. DO dwuld bc rminaincd in Ihc ~ l p  of 3-10 I&I. 
F a  pnrid pnw optimum ccncemtbn of wnsr DO rcpMcd for nuximum 
~ n o ~ i s 6 p p m . P l o ~ u p o n m r o ~ o x y p n c o n ~ n t u u r r b ~  f a d  
carrumpion which kdr to slow grow& md the cuhurc a r g ~ i a n s  become inactive 
dhymnuecpi~ktodi91+.Fmrbamar*mrnya~dlorprniuntrm).dic 
6 m r I u k o f o r p y c a .  D O & Q ~ c o m r r b a a m * n r r a r :  1 .h r rbyproduo l  
of pbaorynmcdr od 2. M f b i m  of umorpbcrlc air. Pbororyntbcrir is Ihr primary 
source of W in hckirhwum. h r  phaosynthais o c c w  most mpidlv in the ~ r f & x  
layer of mtcr ud DO conocnmrion k l i n c  wirh depth. in d a p r  ponds. DO ma: 
fill t o o  ppm at depth of I .S m or 2 m. Hence it is dvanugeous to have fairl) shaliow 
ponds (75 an to 150 cm deep) for pnm. becam the! dwell mainly cm the tn~nom 
ud low DO at the pond bonom would he h f u l  

DO Can be i [ f ~ r o d  by man! factom puricululy wuer tcmpnturc. rcspiruion 
of plants and minuls  ud the kvcl of oqpaic maim. Ln uupiui  w i m  (h. DO kvel 
is n d l y  low k.w of hi* tompsnturo. l lw  conwnmtlon of 10x1s # u b m m  
such u unionWrcduced fonn(NH~). sulphur (HIS) d urbon 
m*rboli tn(mahlm) increases when low DO level exists Homvcr. In the prerncc 
of optimum kvel of oxygen the toxic rubstances uc converted Into their oxidized and 
ku h f u l  f m s .  Phytoplanktm mainly blue p u n  algae In pmds nu) suddenly 
die ud dccompac, causing DO drplction. Hutcc, r u m  formed by phytoplankton 
bloom mist be moved pwiodiully in cfder to pavmt DO depletion. 

The uses of aerators mul l  in mix iu  of water at surface m d  bonom md 
breakdowns DO nmtification and also can eliminate black mud formed st interface of 
pond water and M o m  mud. Water cxchangc is thc hest solution to prevent Ion W 
problem in the pond n h a c  aeration is nM practiced. In xrni.intensivc culrurc, rate of 
w a n  exchange depends on the period of culture as indicated belon 

lnctnsivc feeding systems require an svcngc exchanyc ralc o i  lo4/. per dn) 
which un he reduced to 5% in semi-intmsive system. However drilq water c x c h ~ g c  
uuully docs not improve wuer quality in bnckirhwuer ponds. bauux mutim water 
exchange un discharge carbon, nitrogen and phosphorous substances from p n d r  
before they u n  be assimilated. Thus water exchange rater should he reduced In 
brack.ishwitn ponds and this should only be uud  when necessary 

Owr f d i  should be avoided in order to miinuin the DO level One uf the 
cflrca of owrhsdlag is to douue cbo fwd wnvarlon eftlclancy. U n u u n  fwd s.( 
decompoDQ rrkulng nuaianu into the w w .  Conxgumtly, phytoplmklm 
obund.acc iacrru~ u a funaion of increasing feeding r e .  DO concenvltion 
decline more rapidly with depth as phytoplankton abundance increases in response to 
higher faatiap ntcs. Besides. the likelihood of phytoplnnklon die-off are greater In 
ponds with high feuling rae sad h d a n l  phgopl.nla0n. 



~ s J M e n  
T o u l . h . ~ ~ r ~ o f h   of^^ 

d h h y d r o x i c * b p ~ i n h M a d h v n n l l y ~ m m J I q u i n * n c  
ulchm cdon&. I! indicda the Wkhg upwily of the was. AMiniry 
p i n u r i ~ ~ i m s r ~ ~ d o f d i d o f p H o i v l ~ a . W ~ w ~ ~  
kw r k r l i a i y ( 2 0 m g n ) h r b w ~ a p c i r y r p i D a p H ~ T h i r c a u l a  
i a w i d c l h r a v l i o n r i a p H n l u r b o l l l 6 a 7 5 m d m a l O a ~ h ~ m I h c  
&ernom. Very h@ Wi&y 000.250 mJI) capled wich kw ba$or (QO w) 
r s r u l o i n r i r b r c b c . i l a m o o p H ~ l l a d ~ + l l r . B o l ~ ~ V y h i g h  
J W m l r y w m c r ~ ~ r u ~ h f m n ~ v i * . h * t o r U m ~ o f u r b m  
dioxidc f a  phospthcsii. pH of mLsr rritb modcn* to high IUuLni*. vrluer(20. 
1 5 0 m s / l ) . d ~ l h r a u t a b a v c m 7 J a 8 u d . w a u d 9 a l O i n t k c . A r m o o n .  

Total hvdnar is M i  u tbe totrl umccnm~ra, of diwknt ulioas Mh as 
Ca" and Mgd ~ons in wusn. r lm apmuod u m u  of ulcium urbmuc. Thc 
i rnprbrxe of hordneu is closely rclued to .Uulmity. However. Im hudmu water 
conulnr lawfflckm &im law. HPdl# md oikohhy n mm hnpaPnt for tk 
a o 3 k r * t o n o f p n n u . M o l h r l c y d h r d a r r r n k i D c r a r o d b y ~ o f  
yrku)lunl lime (aklte or dolahe). In bnclr*hwaa, rWhii md hmhem ore 
wwlly hi, w lhev v l r i . b k r  rn seldom impotmnt in muugmmt of pnwn farms. 

Carbw Mmldr 
Rr clrbon dloxlb nhn a, hr cooolarm)oa o f C W W Q .  Gmwnmtica 

of C 4  kbw 20 mfl  pmkbb is mt  htmful m pnw pmvided DO is bigh. DO 
c o n c m m t h  bslim when photosynthesis is not pnxeedinp as np~dl) as 
mpintion Qur C 4  rcumull ln bcuur it is noc removed fa use in phomynthcsis. 
COy c m c a ~ t r u h  vc normally high when DO umccncntions ore low. B a s u x  of 
the necessity of light for phocosynthcsir. W, coMcntntiau incrtap at night and 
deuouc dwine the day. High conccnmtions of C G  rlro occur in ponds dunnp 
cloudy weather. 

It & nUom pnaiul to r a m  C% frum pond wuan Howcva. it m n u n n  
I s n # v l ~ y m r e m m s ~ ~ r u * + l c o n t . t n a r I n r v h i G h p n w n v c B s h ~ M l s d  
vc held urinp ulciwn hydroxide a crlciwn oxide 0.84 mg/l CdOHh a 0 64 mg1 
cao mr) reduce 1 mO/l CO: 

RnUlu l  Chbrlac 
Chldnc in wiwr fwms is ccmmcnly used in prim hachericr w dbiafoct rtr 

wncr. This m y  u w c  mxicity pmbkms. Ttw r d d  c h k  i f  allowed to m a i n  
in water can form highly toxic chlonmhwr with n b a p o u s  compmd p a o l t  in 
lucchcr) wrtcr. M i b k  kvrl of &MIS in mtod wucr fa usc m 
shrimp g r o w a n  ponds is kPI IJW 0.001 ppn md fa hakherk it is nil a hlcu. 



Nirmlpnmdp~orphaMlrlioapwithurboaradothermocclm#nt,mu 
null*nrr tbw rsrbruc cbc Omwrb of phmphk&& which u cbc b.+ of h. food 
urb la culnut rynom. Optimum auuiaii oonaomdo~~ am wbflaod. S i m  cDuul 
rmsn uc pollucd h l y .  (herr u p d b l l h )  dut p w n  kmrr an aupplbd w w m  
that uc conmmintsd with daKstic rwrgc. Thu u a a  carPLu  moknte  IO high 
concamticin of nitma, unmonia rad phorphte. When &Id in ponds this wuor 
will d l y  pmdw phytopllnhon blooms. If ponds arc conruucccd in uus uherc 
w a r n  are na pollutcd with sewage, it will bC mefy~r to apply inorganic feni l i rm 
M I lUIlUm (o fOSU p h f l O p \ M h  @Wuth. 

AmaoclL 
Ammaria is thc mo¶ common toxicant in intensive and mi-intcnsivc culnvc 

s > m .  Ammonia is tk principal cxcrrror?. product of c~ . s tace~s  Ammonia exists 
m rq- solution rc highly toxic unmucd ammonu and non toxic lonvrd 
form(NIL1). The toxicity of  ammonia is known to be afl'rctcd b) water pli, ub 
toxicity inc- with i w u m p  pH. Obviously unmonir (oakicy will k a prruer 
@lam of high pH. Hoanwr, pondr rldan ummin mom Uun 1 or 3 m u  of tool 
unman*-N. Ammanla lnsnuol oxygen oonswnpcion by t luun, dun- g111r nnd 
reduces the ability of  blood to m p o n  oxygm. Hence, it is v q  humlul to q w t k  
organiwns and should bc belou 0 I m u .  Concrnmtion of unlonlzed ammonia abve 
I mgA arc potrntially lethal. conccnmtions greater than 0 I mp'l ma! advencl! 
affect gmwh of prawn. 

Ntlritc 
Nltrlu IS also one of Ihc common tox tc~ts  In rml-lntcns~\e and lntcnslvc 

culture system I t  IS an mtnmcd~rtc product In the bulerlrl n~ t r~ f l uuon  of unmonlr 
to nlmu. a process cdled nltrlfiution It IS toxic to flah and crusucolns md  
Ihercfore Is unporlnnt for squaculturlru The toxlclt) of nl tnu 1s known lo k 
affected by water pH and the prcwnce of chlorldc and calclum Ions N~wlte t o ~ c l t \  
lncrcaxs H I I~  Incrcaslng pH It ~CCIE~SCS HI& Increulng cslclum and chlor~dc 
wnccntntlons Hence nltrlu 1s more toxlc In freshuatcr than tn scawatcr 

In lomi-innruivo d inConrive shrimp culurre ryuoms, unmon* and n iv lu  
8nc- cqmmnid ly  over tune in both hatcher) and gmw-oul ponds nm with 
frequent wtcr exchange. high conccnmtion of unmonu and nitrite d u c c  shrimp 
growth and In extreme crrcs uusc mod i t )  

Nitrite in pram ponds is seldom at wncenmtlons &redl enough to kil l prawn. but 
the growth may bc advmcl) affected by w n c a ~ ~ t i o n s  above 4 mgli. Ths dcsircd 
kvcl  u ku than 0.20 m0/1 for maximum production in brrklshwuer culture r y s m .  

nlrclm- &IpLLd. 
HtS is a by produec of dranpolttbn of dab plum, l a h a l a  an4 orguile 

residua in h ponds. This rcurnulam on the pond bonom and t u rn  Ihc WII bbck. 
The pH r e g u b  IIK distribution of  tolal wlphidcs m p  its Cams (HIS. HS'. S J .  
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I Rriodic Removal of Bloom 

/ N& I Adaqrua A e f u ~ n .  Ranoval , . 
I or*. Wuc 

Wuar Exchange 
/ &Sm nillvlnhibit 1 

I I norm.lrespvul0" ! 
I v EXCESSIVE ' High Alpl b l m +  I Reduce Fenlllrs~ton ' N & P  I DO Dcplaton 

' vi. 
-- 

Mulltlon Resumat ' Avold Ihe we of such ' 1 INDISCRIMlNATE I ptbogcns & , c h m 1 4 s  
1 USE OF Btolccwnulat~on 
1 CHEMICALS -_ _ _ _ _.- 

4 1  J Gucou factom 

A : I Remove %%'me - 
G C& / Lesstmportant CNOH): @ 0 84 ppm 6 COO n' 0 64 ppm lo 

I P m * c r  m o v e  I pprn CO: 
S I In bnck~shwater - 
E Ch Chlortnat~on -i 5-10 ppm Blncblog Pomdcr 
0 '  I 

L 1 -- - - - . -- - -- - -- - - 
1 Exccrs~vc I'x of Aemton 

I I Chlonmlnes 
1 r Dechlonnacion + llx of SOl~Acttvatcd C 

1 '  Hyp  6 0 5.2 ppm to reduce I ppm res~dusi 

4 3  Ex&e pbytophoktoo growtb 
Pond prepstion play significant role in shrimp Euming. N e d  plOductjv~ty 

is not suffkimt ud ponds Dtltrnenn us indispenwbls IO e n h m  the jpwth of  
phyop*nktonr md to bring che wmtn and roll pnmclm under 
oplunum kvcl. Appliution of tnorganic fenill~cn (N.PIOI.:I I )  or manurn is 
nctesary lo forcer phytoplrnkton growth, when water is low in nuvtent wntents. 
Sometima, pMd, which develop s k u  w m  d i t l o n  am reputedly fntiltltd wtlh 
high doses of inorganic fmtilivn with che to produce b l m .  Once Ihc bcnthlc 
1Igu dcvclop, it is l u c h  lo fcrIil~w che ponds. Badly prrpued pond, can pw 
probkms of mrint.inig phnkm blooms, stable w m  conditions d evcntwlly 
b d l o d l r u r y n d r o m a . T b r d i s u i v ~ o f v v i o w ~ o f r l p r h I h r i m p  
pndr am known. Sane specin of bcnltrlc a l ~  uc hlwy toxlc ud hider 
rnovmsm of shrimp d compte for oxygen and algae rid cadimenation md pond 
bottom degndrrion. Thev art all potential facton convibuling to stress on ttK 
shrimp d invites di- outbreak. Den* phytoplanhon blooms as M wnsumen 



0icnypmharldteofgaorcoaamIbmcbdrrakuarygapmduarHmcc.i 
bdvh.Mctoehrktbbcor@chd.~dpcaibkpooi~t~ioa 
i n I h c w R c ? ~ . P ( r J a a r ~ , ~ d h d c b y p s t i c b c n k  
mcmmdin~ofmnrp.rrncyuri~qScahidiw.H'iwhwofoaquacyn 
i n d i v e o f p o a p t a l d m d a t r k y d m m f c r r ~ ~ k b m i l i i . L a r  
nlur i n d i u h  W tJw pk&m plakcon is a the thc is *i due to 
R a p a d o d p n l s h r m d h a r c f c r c i l i r r j o a n t c r h a t l d b e ~ . T h c o p i m v m  
range afmnqmcncy is 25-35 un. T m s p m q  btc ttmn 20 an. indiuca th# the 
wusr is wiubk for &!imp cubre clod should be &a& imrnediuely. It is m g  
notion IhU inulrc of phnktm rich wtu b good fa initial tilling. CIar water is bea 
auhd. 

4.4 Cbbrh.c(oll 
Chlorinum should be daK More tilling the pond and applying fenilisr. I t  IS 

safer to n u n i p u h  wlcr quality in memoir be* rckuc to grow-out ponds The 
wata should k trcaud with 5.0-10 ppn of chlorim. 

Su(T%ienl number of pddk wheel u n t o n  must k placed to ensure 
suKutent .nation fa complete dshlorinrtion. Howcvn. thir may not be con 
docfive fa b w  M u c t i m  tar@a ud hsnce. this pnaicc is mx recommended for 
ararvlvr Rrming ry*m kuur chloriru CUI noc k d l y  cllmlnacd h ponds 
u ~ w d ~ b u t h r l p m o x l d & c h l o r i m i s n n . T b i s p r n i ~ ~ i s ~ n l l y  
recommended fa the m i - h t a s i w  and iatsorire ryarma only. Physical rention is 
the chapar  md the ben available method of &chlorination available to shrimp 
f m .  Some substances like aulfur dioxidc md activated carbon can also be used 
for dechlorinrtion but thtse we cxpnrivc. Excess chlorim may k immediately 
n e d M  by h e  l d d k  of reducing agenu luch u sodium thiorulphao 
pefiuhydmc (hypo). Fa wary 1 ppn of midual chlorine Qloctod, 0.5-2.0 ppm hypo 
is suiRsc for newdintion. Hypo is rlm toxic m p n r i d  shrimp at concenmtions 
above 0.5 mg~l.  Wilhout effective dochlor i~t im md monitoring, chlorination of 
m u m  waur for hatchery purpose shwld k avoided. 

4.5 Wmlng 
The problem of low alkalinity (QO ppn as M4) CJII be abated thrwgh 

application of liming materials. Thc uw of lgriculnml lime such u dolomite and 
llm- fa poldprpntion hamnglynoammsnddowrchuse ofhydmcdor 
qulok Ih. Uw of  *m two lbnr un dnrroy llm InltW inoculum of  daomping 
hett*. whish will elow dom tbs mhanllrtiDn pocffw dwIng culnuc 
opntions md will incrar nutr!utUoqmic k d  on pond bottom which in turn will 
favour the p w c h  of fouling brcteri.. Hydmted a quick l i i  rhould be uzcd only to 
mc11fL pH in high vidic ponds and in usff whac dish- is required. E m i v e  
liming should be avoided because k un k h f u l  by moving C(h. prrcipiuting 
d i m l v d  phaph* and nlrin( pH did h atm. Bvoon rmma~h oaxkhy to 
8Mmp. A, r mdtm Ik +simp adbm b d r b h n U  h a  may dvap les .  It 
c d m  a high camnumion or nuaknt n10 md h v c  l lW inWa of 5&75 ppn a 
highcr. Hem,  it is a p d h l y  buffed medium again* rbnp chnp in ptl md 
liming nomully ia umuxsuy. 



4.6 Eacadve 4 b l W y  & p h p h m  
ni$b Fdib powhnnrl t  fmmhiinter of 

cor * iq rb*~Maofh i&pH.Maabrrboo . famdmbcroye l lkhm 
k*raQ~HPdQoapivephospboMlppaofrkunbnrodadmrsmov.Ippmof 

d k a h i .  But dm atmnarr Qa d i n g  u, d m  the w n d l t i c ~ ~ ~  
mponsibk for occcesive h i  pH a if phywpWlOnr grouzb oontinw u a npid 
ntr followiing durn Uralment, the pH will riw &n &I d.ngcmur levels. In w h  
un. tmtmcnl with sgiculhml (pod s o w  of Ca") d a n u c s  the 
IiWyhood of d.npmus high pH penodr of rapid p h o l o s y n h i r  bffurv Ihc 
inaam in CI" ions will currc p r a l p ~  of Olclum urboDuo ud Inag.n~ P. 
krh wmtl frw fwr the pH. AIgicLd. mch u copper sulph.le can k used to 
reduce the pH nnd phflopWaon .b\mb.nce in inmrrive c u l m  system but cue m a  
k akm to avoid oxygen dcpktim. 'lhc unul mmmendahn is lo appl) 8 dow of 
copper sulphte equal lo I l l  M) of lhc tolsl alkalinit) 

4.7 Exmrlve supemled did, 
laap.nic turbidl*. ahould k removed u Intake point, If not. rodlrncnution 

UnWufuls or Mtnr tuw to k wod before waer  un k taken Lnlo pmducl~on 
padr. Followiq rodimamtioh WM h i d  be pubd through und flhm u 
d i m a t a t i o n  is no1 adequate to rid he watcr to rcmovc fine suspended prnlclcr 
Sowce watcr turbid with suspended soil particles can nlra k c l a d  b) ttpplicnti(ms 
of manure, gyparm or alum, llnleu he soum of turbidlr) 15 elim~nated, no lasting 
benefit cm bc cxpctcd. Gcnerall) saline water facilitates che ficcculation and 
sedimentation of suspended rail panicles. and uatcr rctcntlon times I t 2 hr\ arc 
adequate The major faclor favouring n p ~ d  wdimenut~on 15 rcductlon of vcloc~l! and 
turbulence of water. Baffle levies un be used to reduce velocip a d  turbulence 
where only a small area i s  available for d imenu t ion  

4.8 Water excbaege 
Regulation of cn\lmnmcn(al factors 15 mami! schtc\cd h) contmlllng watcr 

exchanpe el the b) U I ~  ux of udal flow or pumpiny dcpcndlny on the c)ncm In 
sem~-~n~cns~ve  culture. rate of warn exchanp depends on the p r ~ o d  of culmrc 8s 
indrulcd k l o u  

' 0-30 days i Da11) add~l~on of 2-3 cm + 5% evcq 6' da) ; 
30-60 &ys 1 10% every 5- day 
6 1-90 days ' 20% every 5" d a y  1 

91-1111 harvest : 30% e r c p  3" d q  
1 
i 

A v e ~ r  5% per day J 

Lnccnrivc feeding systmns require M avcn@ exchange raw of 10% per &) 
which can k rcdoced to 5% In mi - in tuu lvc  a y n m .  However, daily wafer 
orchmp usually does not irnprovc wrwr qwllry in bmckishwmur ponds, beau* 
routine wslcr exctun@c can discharge carbon. nitrogen and phosphorur wbb.nco 
fm ponds k f o n  thcy can k auimilalcd. Thus, water cwhanye rat- should be 
rcduced in brackishwatu ponds and chis should ml) be ured when n a c ~  



Am- 
Vriavgcbaiquaforrsduc~M1maoai.drrqpo(-rAN)mrmmtion 

m y k ~ . S m u m m m o ~ ~ n ~ ~ a t i o n m d  
. p p l W o n d o s o l k c r d b # a L t p o d u c r r . W r r a c b . l y c u a d t b a u n o n L  
~ d k u a k ~ I f ~ ~ ~ u a n l l . b * m n p l d l y c r c h m p  
a large v o h  of& pnd with Ma of mucb lww TAN umommtioa. 

Zeolites m ion exdnnpc m a b  which ranom anmaoh fmm w u a  bur chcrc 
u w evihnce Iht zsol i i  un effecfively ammonia in ponds. 
Whik, rhlr Is t#hnk.lly bu+ a vary Mount o f o f m l h c  would k required to 
~ I g l i ~ I y  lovn ammonia cowemation. Baida, biceu#mamtion mlctids such 
u health siow pow& ( S O O k g h )  md BNIq10-20 kJh) are claimed 10 improve 
wi l  and w u u  quality by reducing unmonu md hydmgcn r u l ph i i  concmbation 
S~ncc, bactnu in these pducts d d y  occur Murally in ponds application of thcv 
unnmercul pnpumions of ken* uc unmcrwr). In sddiion, re-h has faded 
lo dcmonnllllc benefits. they don't e f f a  much on reduction of TAN coxatmion 
F m a s  wn saw their mawy and wc i t  for ktlcr pirpmc. 'lhc toxic eflca of 
unrnonu my b minimired in following ways: 

I. hbinulnlng m&*m b w l  of DO hc i l i um oxkiUica of unmonla to 
kumlsrr n l t n m  by nloll)lnl k*a(r. 

ii Rriodic pulial removal of algal blooms by flushing or scooping out the scum 
which fvil iutcs optimum density ud prevents addcn die-off of chc bloom. 

iil. Warn ntchalge 

N m f W  
In ponds effectiw removal of wit -. doqw M i o n  and m t  

application o f  fm i l i zm  arc the m*hods I0 prevent the rewnuluion of nitrltc to 
toxic levels In tutcherics. mml of niuitc may bc accomplished by insbll~np 
biological filters 

Sulpbldo 
Toxic HIS levels u n  bc conmlW c i k  by w i n g  mtnl drabup lystcm. 

higher rate of  wamr exchmp d ahor mmqmnaa pmxim like effcctiw removal 
oforpnlc wrnc~thepDndbomrm.Thsurcoftmraxidr(7o%offaouroxidc) 
a t th .n t . o f I  kghn'ofpondbamm p u b y l s ~ n e o m m a d c d b u k v o u l d n o t  
be ao~nnW If bcaan w l l  cormlw hlgb IevoIs of  &S. 6.19 mpn PauJium 
ponnanp.nne wn also be used to m o w  I mgfl HIS. Sane bio-augmmutions 
mnerials such as huhh nwe powder ( 5 O M r g h )  ud BNIqlO-20 k g h )  ut said to 
m e  HIS. NH, and m*hur d Ipaed up o m i c  d&anpoaw . . n 
4.10 Cad m a u t . r r c  

h o p , i k d ~ l a h d b p a a b h f k ~ l o d p . o ~ k h r l m p  
c u h .  Rw mon ~mpuimin dl- betwan qudic aW focdr d *nd m i d  
I d s  is the durability o f  rpuuic feeds. As shrimps arc slow febdcrs. fads rqutrc 
pawl water ability, which wn b i n m a d  by suppkmenUtion of  phqho - l~p~d  
lmpmvcd diet wter a b i l i e  which h l d  n u i n  shape of lad a krrt for twu hours 
enhances shrimp growth. Feeds which uc not w&s mbk will uwc warn pollut~on 



mr)rpoldNmclaull~b.*nadfcodrrbouM.Imyrbcurd.AtypK.lplwnFkd 

mryz62L~;2FL~ymo~2~kb~~ 
?un#m .nd d u c u  rhelf Ilk Shrimp fkd b M WIC input mlo chc pord 
Overfeeding Is m m  d ~ g a o u s  thn undn feeding u o m  feedtng ntc un dew 
thepond mdm W t o o c a o i v r p h ~ ~ . n l ; t o h D O d r p k t i o n u d ~ o x ~  
Mncenmhcn of mePbolitcr Well pcrprrd pondc with low rtocking juwntks wtll 
not ~ U V C  Inlthl Mug fa a fcw Cyr m nuunlly ga~smod food orplnlrm fom 
nuwoous foods f a  posl *rry F a d  nu) bc giwn @ 10% of n ~ g h l  of shnmp in thc 
pond dumg tbe lim mrmrh. 8% dwvlp the second month. 5% dunng the W d  month 
ud 3% durirq UK founh month Chnpn m foDd h& m r giwn culuut cycle 
could lad to under Wlng Shrimp I ~ I  ue maod to mxcp~ pn i cu lu  faed will 
find k diffkuk to d.pc m a c h p  Thus thm uc chuKer of  h e  f a d  being lenovn 
Shmnpa prfcr lo f e d  md swim in ckrn shdc ltcu of a pond As u n l o n  arc IU* 

used In exlmsive synan to keep feed1n8 arcar. ckm. 11 1s sdv~wbk lo bmdcrsl f e d  
evmly In all MCRS of the pond to avo~d bonhm degradat~on tn specific a m ,  

Goad* 
The prawn fmas should v)  to mlnu in  the wmter quolit) vu~abler u , ihn  the 

optimum mp as hr as pouiblc b) suilablc management tcchn~qucs I t  IS high lime 
ur adopi the old Chlmoc pmvcrb "To iulturc fish one ha, ro culture water Thus. h! 
nlmlng good all round uatcr quallt? managcmcnt pract~cc~ touardr n l u ~ l ~ o n  of 
sunsors, the occurrence of dlsease and morul~t) LM be cflic~cntl! prc\cnlcd and thc 
magn~ticent industr) can be madc suslainablc 



5.1 Whc b *d -t? 
Feedmmupmm-onadadwaoffadlbr.quruhrropntioain 

n r h a a ~ ~ 1 1 6 1 ( U n u d l ~ u f L d b o p t i m r a a w W m t a i m p m ~  
neglidbk impd on vbbviq kn W cowenioa d o  (FCR) and 
nuximum gmwU~ of fish and rhrimp ud poduction. Such fad numgmmt practice 
i f  KIOPIKI, lqtlruhm pmduct)oa will bend only &o~nial and pfmbk b u ~  also 
sunrinrMc ad awir iad ly .  A berr can poducc poa WUIIS if the Iocd muugaaent 
ispoor.OatheobrchndamodarOIsbdcnprod~~~beurrcuff,uodcrgoodfced 
mwpmmt. 

Mod ofthe fad rupplkn p r m b  d c m g  chPtr fa fcading fM and shrimp 
durlng the period o f  c u b m  apentiar. l k ~  clbks may k pcpved bucd either 
scnnc rxpmhccs a l m d  on heoretical rnodcb. Since mrm of  the feeding chn r  arc 
based on s i a  of fish and biomuc in the cultwe pond sill mws occur because 
rccunv ea iw ion  of b i  in a pond is very often nat p d b k  ~ n s t t y .  In many 
f m  excess feeding mmy occur due to !him ma. In sanc arn fumm may be over 
anlhurlmk in a c h i c v i ~  h s l c r  grmvth may over feed the Rock W i n g  to poor feed 
mmqanmt. 

5.2 Rmte of feedlag 
Even though lherc arc some investigations on the qunntitics rcquircmenrs of 

feed in relation s ~ u  md sage of thc growing fish/ihrimp still rcxarch on these 
aspects 8s needed for making the fading ubles more rccuntc. Generally thc method 
of ~ l ~ u l d t n p  the daily mtion is hscd on lhc body weight of fish. Thc qumtit) of 
ration v u i n  horn 100% of body waigbt fa lrrvlc md Ry and gmdwlly duced to 
50% 20%. 10% 5% and 2.3% as the fish/rhrimp grow markelable size Suppose if 
W grams is the avmgt weight of the stoked mimal and if chert arc A number of 
lntmals in Ihc pond then the total biomass in thc pond is W x A gmms which is cqual 
to W x A11000 kg I f  feed is to be given at 10% of bcdy weight lhcn the quantib fecd 
required pet day is 

W x A  10 -- x .- kp 
loo0 100 

In pond u, .Itimm ttu bloman vrcunely is nd ponibk Ocnrnlly pr iodiul ly 
( m f e a a a J ; w l O ~ ) ~ a r v l p b k n a , r r m p ~ o f t h e f i t N f h r i m p c m d t h r  
a ~ n p  m i a t  of the mimnl b ukulcsd. Totrl biormu is crlcul.tsd by mukiplying 
Ihc a m g e  wight by the number of minula suwivisq at tht time. This is nuinl) by 
done by counting the numbcn of a n i d s  aught per crch nclting and estimating the 
toul number of a n i d s  &in# into account the uu cwad by euh riming md the 
mtl l  uw of tho pond. Some tlnm rhr aumbsr of  minds rurvivtng in che pmd is 
r p p m x t m m l y ~ b y $ ~ a ~ c T 5 - I O n m o c c . I & p o t m o l l l h m c h e  
total number o f  mhdr initidly socked. 

The r l l an r t i n  method of W i n g  is   no^ by dculaing h e  daily Nion bm by 
laving Ihc fub m ~clf-deatmd feeding c o n d i t i  Wha the fah is hungry it will 
.ppmch che dcmud fssda for in food rsquirancarr. I t  v m  oboavad t h t  fA 



Flaming p l l n  fie& for finfish h v e  rhe dvmugc in conmllcd W i n p  
S i m  tk fd h t s  on the s u r f ~ e  of uzta, the x t i w  feeding b) fish can be dtrrctl) 
o b s d  ad c& colu\rmption of fad un k monitored. Based on thc obsrvalionr 
fhc q d t y  of feed to be h d r a s ~  u n  be ngulrted. 

5.3 GcbDd.k ud Ihqwmq 0ftndI.g 
The 10Q1 qvlmhy of lsod rsguirod in r b y  should not be fed n lime. 

Scheduling ud muency of fading prrrtl) help In successful f a d  muugrment. 
Time xhcduks for feeding Ihr fish ma! k fixed such that Iarper rsllon ma! be gtvcn 
when the fuh is expected lo be mon hung? If night Reding is limited the mominy 
feediq should haw lugcr ration. T h m  should be a mtn~mum otthr tr  ttmc rhcdulcs 
of f d h g  in e b y  - morning, na#l md evmmg. Some species ur mon r t r v e  
during nlght and should recaive compultival) 1.rp.r pomon of thc ruion. 
Otamations uld aqwknccr show h t  ffqwnt fadtng of mall ponionr of thc 
ration ?ems to help in better utilization of the fd and them b) lead to cmcicnt 
FCR. The daily ration can be offmd at e v m  2- 4-hour interval t n  divided doses 
k m W  also a medunism in eseh wc to monltor the f a d  consumpt#pn and 
oCfrring ofthe next scheduled dose should be regulated accordiny to the consumption 
from thc prcvious f a d  offend. Regular obxrvat~on$ and expntencc help In 
mmains the managemen\ offceding in a cultux fm 

5.4 Fodlmg abrlmp In gmw-ort pooda 
The q w t i t y  of food roquired in r b y  for fedins shrimp is enimrtod bued 

on biomass in the culture pond To stan w~th feed is offend at 15 - 20% of hod) 
*,eight As the shrimps grou. it is pdua l l )  reduced and brought down to 2.3% 
towards the end of the cullurc period. A modcl chan tor lecdlng is plvcn In Table I 
The entirc qrunrity of f a d  required for a day in a pond rhould nor k put n one tune 
The sbfhpr should k offorod feed u ever) 3 . 4  houn In d l  dmoa. Thir help. In 
kaa utlllutlon of tocd md rcducer wuugc. Shrimps uc active fmdw dur lu  
night. hehence luge d o x r  m q  be offered In the cvmrnp and dunng night Keeping the 
f e d  in bunboo or velon screen trays kcpl rns~de the pond at diffcrrn~ lrrations is 8 

good p n c t i a  (Fig. I). There are known as check uays Periodicall) the* c h s k  vayr 
can be lifted up lo check the feed consumption A part of the feed ma) olw be 
broadused for p p c r  distribution. Instructions of Ihc fced supplier wlth regard to 
feeding m y  be followed. Excess feeding leads lo uncatcn fad at the p ~ n d  bonm 
This will - pollution of pond w.tn ud stimuhtcr dgd b l m h  which may UuK 
r u e s  IO shrimp. Undw Iha# conditlau mur maulity of M m p  m y  occur. F d l n g  
a link IUM docs noc do my hnrm, but feeding a little exww may k harmful md un 
faux huvy I w .  Feed management needs experience and &III to o w i n  bcsl rcrulu 
water q d i t y  in cub pond is also linked to feed muugcmml. If the warn qwli* 
(such u dissolved oxygen, smmonm. nitrite. n lmc ,  hydrogen wlphide) in the p n d  
is pow. even ben f a d  may give pmr performmce 

shrimp fee&, b u l d  k sored propnl) Absorption of molnurc during 
I& to mould p w t h  and lowers the quallly Cerldin k~ndr of fungl 

* k y . ( ~ l u & r r u p r r l d w l . . 1 ~ U * u t  39 
*-.pabn 
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kna*ouwrMolpol~*d4m-klor.Th.IbdtbootdbWk 
vadr.noroIr*fk2haun.Pdlbould1mbmbrd.Lomhaaaprty 
rvbnllavd hc aM. Fwd wkh poor - *rbllity kQ m poor PCR md higher 
ccnc of @U*lon 

Table I :  of f d i q  of rhrimp ad quMmy of feed to be given in culture p d  

pa)odi~rmpllngud~(brlnnpdghlodrtharrdnwlnl .  



Fk.1 Amngcmrnt of fd check trap 11 n rbrlmp farm for monltorlng the f d  
rrmsmmptlon 



T.C. SmmtLlo. MSaMdu. S.V. A I a r r d l  ud N. K.hbuni 

Aqwculhm hr kranr Ebr h t U  pwiq rccivity mm[butmg signifuntly 
tonrt iauleunanicdcvctopnan~aqmoffrrbandhrbaypodwand 
providing food security to the oounny. Mi.0 qwaltrur +ccor has rhicved 
n m r r l u b * p o w t h d u r h r s ~ p n ~ ~ y a n o r ( s ~ l Y ~ r a p k c ~ ~ ~  
pohwtlm hmuph qurukurr. Dl- probbmr +n cuhure ryasw lun bccanc a 
@@I- eolupnint to pfcdwtbn 5cm .qurulcun - .tfc*lng ecoKnnic 
dmbpmmt of tha &in& mmmrmlticl h owy catmh mxud the wald 
Including Indk It hr b m  m i d  h * k  loner due to d i x u c  and 
mvinmmmt-reltcd probleM account to u r n d  losses to quaculture production to 
the turn of more d m  USS3 t h o d  million pu yur in the A s h  countries alone 
according to the cninutcs mdc in the yeu 1995 (Subsinghe, 1996). Despite good 
in-t pncriws dopted by qwuhisk. d i m  ud monrlity problems 
continua to shrimp qwculbm amr includhq 7 of new diseue 
problems. In thir context, it is &d m undanmd upsar of nun.pment 
in quacultme systems both at mrm-kvel. i.e., glokl kvcl, mgiorvl level. includ~ng 
~ o o n a l  levels. ud also at micro-level, i.e.. on h I in luccheries. and explorc 
possibility of available avenues for d i v r v  prevention md control. 

Anention to direuc problems was p i d  only when widesprrad outbreak of 
d i m  alumingly reduced the profit fmm chrimp fuming projects. It tus become 
essential fw shrimp f u m m  to wdmUnd the biological and mvimnmenul facton 
hat I d  to diseuc developmnL Lhc W i e s  hat can crux  considerable 10- to 
c u l ~ r e d  shrimp. Ihc urly detection of incidence of di- and drawinp up farming 
m t e g y  that would minimise or prevent the onset of diseases. 

6.1 What b dlrcuc and bow d b a r a  develop? 
As an) other living orp isms .  shrimp also have rpcfiftc ph)siological 

function8 for p v t h  and development, which is grutly innuclrcd by vuious factors 
of the cnvimnmsnl in which they uc living. Any impainnmt in the physiological 
functioning may l a d  to abnormal condition of M organism, and this phmomcnon is 
known as disease. However, many expcm consider Ituc bere arc 3 facton vu.. hnn 
(shrimp). the environnlenl and d i ra r tuus ing  organism (patha@) which inuract 
with each ocher and muh in the occurrence of disuse. A decline in host's immunity 
is the nuin mur of dirrsc.  A la of fwtwr will impair shrimp halth and thc most 
impwunt p d i i n g  fbctofs l a d i q  m d i  in rhrimp c u h  uc: 

I. Advem anvi ro~wnt  
a. H@ s0Cklq nocldn(baulcy wlck Umlod Mlr raEhnp fkllftiol 
Ill. Nutrltiaul d d l c h y l p o o r  wurirhmom 
IV. Accumulation of u n d  feed 
v. Inldspwtc.entiar 
VI Sub-opcinul or huvy algal b l m  in the pond 
Vll. Physical injury ud 
VIII. Raana of virulsm pahopus in hi@ anmL 



In lbar ChnLar  in Q pbyriul a chanlc.l bctar u,ill k obviwr twl the 
biobgkd haom h nrbcklodcanpliwnd. Thbwn be aphid by miwu 
ecdqy. This re* SO hncmxiut of b iobgb l  bclm md it explains IIIC 
inmrt ion bmKea m l  miPmp.nirms and iu tnviraunent. 

Ham 
Like my  orha v shrimp h o d s  bod) IS c o d  b) exoskolnon 

vhkh  1s YUW wLsod by l UIC QvkU moulting. The mourn  p r w u  
exnoan~yropu~onthedvimpmdnndartherhrimprurrptibkrodimu 
Igarcr or unntbdtsm. In sddition. the hemp's nuuitionrl well k m g  r i a  ud 
immune rarparcc dnsnni iu degree of resistance IO divue agenu B c h \ l w n l  
churmirtic such as bu rn ing  n the pond bonan dm expars the shrimp condition 
p.evmiliq in the pond. 

E.vlrou..t 
The term envimnment in aqwculturn comprisa the pond wil. rearing waur 

and the vIrious living orpnisms in it. The living wp.ntsmr tncludc not ml) rhnmp 
but a h  ochn qmt ic  fauna and nora including pthopnic otgantsms. The surv~val 
md growth of the organisms is I.rgcl) influenced h! various physicushemiul 
pafameten such pH, dissolved oxygen. temperatun, light clc An! nhnwmal change 
in ther fsctora will dverocly affect shrimp in he  culture system. For example, h~yh 
mmonu level, low diuclwd o x y p  *f. ur rmutLl  m d  may a(hcr ~hr survival of 
M m p .  

Patbogem 
Various pathogenic organisms ma!. be present in the aquacutturn system 'The! 

ma). be the phn of the narunl !lam and fauna of the mnng water m pond sail 
Yarious disuse causing organism of shrimp have been rnponcd. Mere presence of 
ther orp~isms may no! uur my d i m  condition. Howvn,  when present in h e  
numban cbac m y  W l l y  lnvldc the inJwd tiuusl sor n u b l W  md multiply 
resulting in d i r u e  urd dcuh. NcvcRhcleu. the quurrluuvc level o f  pthogm ir 
Influenced lugcl) by prevailing culture condition such r* n\,ailabilir) of food wurcc. 
lempmturr, d~slolved oxygen, pH etc 

6.2 latcrrctiou of pond environment I@ tbrlmp coilrrc 
D i m  prevalence in populations and aos)stems 15 ~ntlumced by numerous 

environmental f a o n  including infectious orpnlsms swh as fungi and viruses, 

and eff& of~individrul di- emcmely diff,cull. i l w  di- problems In 
p e a i d  shrimp qwculturc have escalated sincs the l a t e l ~ .  The diseases of 
cu l t ud  pcnrid shrimp include syndrornn utth infectlous viral, rickcnital, baclnlal. 
fund. etiologies rr well ar nontnfatious d ~ r a x s ,  caused hy cnvlronmcn~al 
e x m  n u t r i t i d  imb.lmcq mxiunn and ochn facion.Thc two signifiunl 
fompaMAl oft& pond m v i r o m t  #IT the pond waw md rodhenu whlch l n t ew  
d n w u r f y  to M- thc cuhm aviromwnt. Pond maiugsmcnl .nlvhlrs which 
influam lk cuhm m v i m t  include Wing u s  of mm. wate exchgC 
mnd liming. fhc poduaion ryncm evoked from cxvnrive toward ~ntmrivc wmh 
I-ing inpm of high quality fad md wuer supply. C o n q w l l y ,  waste I d s  
from cuhm pmd, u uneaten fad and metabolic wastes also inerrare. A major 



~ m a a ~ p f m n i i i D d u s e y u t b e d i i o f w u i a ~ ~ f m m ~ b r m r . w i t b  
b u p a a r i . l I o M b m u c ~ a c r r r r d r l p l b k a i n s , ~ d P p l c Q n o f b o a a a  
wtcomdrrducedbiodiunhy.~oCtbcn*ricoadi+hrledbainrca~ive 
shrimp f m r  a i g i ~ t e  tmm the fmnulaod feed. Thucfa* eRom to improve 
feeding N w g k  must locus m bdh @mizing pabaioa md minimiziw wane. 
Feeding stmtqiu rlro influarc w.ler qrnlity md Ihrhap bslhh. The limc of feeding 
w u m y i m ~ t o a u ~ + a m v m ~ p f t b c b s d b y ~ . r h c r r b y  
m i n i m i z i n g t h c h m s o f n m i e n a m d ~ m r w p w c m a * i n ~ n t c . ~  
~ i c M n p a l a r c o f t h e r r u m u * c p d ~ i s r m ~ o f p m d ~ l ~ k  
mcmt ud maai.1. Thii dcrrirrl numid is canpored of adhnenod organic 
m u r r * l ~ p ~ W m p f v a r m d - M . ' l h r o h m a c o r o f t h c  
accumulmod wdlmun ia tkm(Brr d.pabm upm culcurs bmnsicy. pond roll apnu 
contan .adwnr .xehna8fac tkn .Rob lamruaLbd~thcmbarommd 
aczumul.Pd a d b w  o&& vhsn axfsofve oqmk maarid Gilds up uusing 
re- of unmcmia, agmk sulphur canpwadr. As rcrrmuIucd sediment is known 
to be unkribk. msd to bc removed. Flsqumi w*er cxchnpr uc .dvocrrcd. The 
devclopacnt of r i d  s u l h  soils, md umc*lcd m k w  of toxic kvels of aluminum, 
precip(ntion of iron. ad rhontioar of Ma cbem&y a.p, a k i u m  ud mrgneriurn. 
may hdklly UM poduaioa hlhm by h r n u i n g  phy tb logb l  msrvs end 
lowrbu the h m w  nrponw. bdaqu& adlwm nmod  v w l d  uur mm 
qualify pmbkmr in che s h q u m t  crop. In .nu whh high pond density, the mined  
chcmiul md biological pollumnb arc rsircuLIcd mnong fums. md consequently. 
the dcgm of self-pollution increases. In order to rsducc d i e  risk. thc grou-out 
pcrtod in shrimp fuming is o h  s h a t m d ,  resulting in harvesting of smaller shrimp. 
Somdmes, cultivetim continuer until fasc signs of dioerpc rppu when the crop is 
immcdhmly k n s d  and an Itill be k a c b  bur u bm quality. 

6.3 T h  mk of p a d  mrlrounM bchm In d l v u  ~ c b r n k  
Vinl  and buart.1 d i w r a  topshm witb poor wil and water qualny and 

dcflcicnt m v i r m e n u l  muugemcnt of shrimp fums ue thc main causes of shnmp 
momlity. Chcmiul and biological pollution by farms irr ludu d~sporal of pond 
emucnls m d  s l u d p  in c o w l  mtm, vlinization of soil ud w a n ,  misuse of 
chemiulr, including antibiotics UKI pesticides m d  under m e  conditions, the h a  
md in pachopen may be c+c&hg with link a w dvenc effect. In p a ~ e i d  
shrimp. h e  are -plea of n m l l l y  innocuour spicommonnl orgmisms on 
shrimp gills u w i r q  disease when hon populrciolu ue crowded ud environmental 
conditions arc metsful N C ~  as high BOD combi with low dissolved oxygen 
conditions. In- arc c m m o n  in which brtwb that m y  be pn of Ihc shrimp's 
nonnd micmflon uc found cawing d i i  in s W t s d  shrimp, ud thut ue vlruvs 
which rran IO cam l ink a no disuse in xm shrimp spcckr, pmtic m a i n  a life 
$tap of Ihe sune ~pcier. Thua. r p p ~ n l l y  hultby hrap hw mamr low levels 
of kwh, crpeehlly Vibrlo rpp.. p o r n 1  in tbe homolymph although their 
mosb.rrlmr of dr- rm mpbk of d l i n g  dur b#r* under d 
dmumnnor. Cammoo pob*mr in tin opm acburp ry*.m Lrl& 
phycoplankm cmbs, darhnd poad bapoau ad kacrLl dirsuss. A 
phytopiu*toa uuh aussr r dgnifiaa b a u s c  in rmmmu in thc wacr, r d w u s  
in diuolwd o x y m  and r rim in orprnic mrtaLI. This stmsshl riluhm, tcgcthu 
with tovard M cmcaarmioM often kdr a aabrrrlrr of vibriosis 
~ ~ i o f s t i o a * m d k m b c r e r a ~ I n b p m d r . F l u a w c i a a i n n a r m l  
mvi- caditiau e.g. oxy#en, rllally tuu r i g n i f i w  dFea 



on the vi~ukm of Vibrio *yl. with mliniry be@ more kdul to dvimp than 
hmpmnm. LOIY 0 % ~  kucls, whih uc a m m m  problem in padr with high 
shrimp r t d m g  WQ. incraa nnrnivit) to vibrioJu in p a K i d  shrimp. 

I t  is dw inmutin8 to rocc cht Brulovinu .ad Whioc Spot vtw un k 
paml In ahrirnp ponds without causing major kmcs .The d i r u c  o c c m  in 
duimp padr in HlinuL C h i  was closely m W  with u e c u i w  a k i n #  md 
poor wuer quafb. In k Philippims. Ihr Infectious Hypxkmal md Hmstopoitci 
Namsis Virus (IHHNV) prrvatmcr in vuiwr wild populattonr of Perwtw 
mo& hm ccomlucd with shrimp culture intensification and mangrove natus 
Whio Spot virus disuse urms to k t r i m  a agpnted by c h w n  m sea wucr 
quality including, hrdncu, trmpnnue and diwlvod oxysn. Suddcn c m e  In pH 
or low dirrolved oxygon levcb can preciplmu an w t W  of Yellow Hod V h s  
dixau, d pollution han outside, m h  u insecticide residues h t  havc a w q  high 
dire3 toxicity on rhrimp may be impotunt at subkthl kvelr as predisposing h t m  
for d ixau.  0 t h  rtudia have shown that dinit) reductions csuv phystolog~ul 
m u  in cmamcem md lawn their t o l n a ~ e  to pollutants . indiwlny thar tox~unts 
in combination with environmental facton may act syncrpeliull) Clearly. 
phyriologiul smss rmanr to k OIK of the rnon impomt  fwtm vigprinp thr 
d i m  cabm&.'lhc method for unelioruhg lhis pfoblm is h i  his of w.pt 
exchmp. Warn quality muupmcnt wu achieved by a combirucloa of flurhlna cho 
pond with c lan wr- m d  nunqemcnt of thc phyroplmkton bloom by 
~neummt of  pond colour. There .ppus IO k a clur 11- ktmn 
environmental conditions md d i m .  d h g h  the precise nature of the nhtionsh~p 
is compkx and has to be established. 

6.4 Antlblotla .nd ch*mluls uyt h rbrlmp aquaculrun 
An exMMivc range of chemiuls, such u disinfecunts, thetaputks. 

antibiotics, vituninr. immunostimulmu. and biomediation pmducm, have km 
used to tMI pond poi1 and water .The use of chemicals usually Incrues with fanning 
intensity, but their envimnmenlill impacts m unknown Dislnfw~~on hy chlorlnc ts 
widely used as a di-prevenr~ng m- in tntcnstve shrimp farming Chlorine 
kills bnctcris and viruses, but also small c~stpccans and othcr ~nvcnebratcs lhut could 
act as vectors for the diwawsausing organisms, botdes controlling phytoplanklon 
and muroslpe abundance. The tmpru of chlonmtion havc rccc~vcd iimibd 
inwstlgation. Anothrr iuuc is thc u r  of mtlbiocics in l h rhp  fumina. This ilsludn 
misapplication of m e  chcmiuls c.8, the exccuive prophylactic u r  ofantlb.cteri.la 
and inruff~ient undmtlndlng of mode of action and cf i icr)  under vopiul 
aqua~ulturt conditions, as well as unccminties with regard to l ep l  and inat~lullonrl 
f n n u w h  to govern chemical u s  in squacullurc iu there arc man) polenual sidc- 
effats from eux*rive use of antibiotics. The mujont) of admintstercd antib~oticr will 
ulthaely end up in the environment u a m u l l  of unuren mated food ud 
e o m Y n W  excmnmt. The lppanna of drvg raldws in non-utga o p i a n r .  
human k K l l t h  & ~~0log ic . l  lmpscu suociatcd wlth antibiotic ulo Rir 
concun The continued us of antibiotics and their pmtlcurc in xdimrnts !ends to 
kd to the proliferation of ant ibi i ic-rnist~t @ogens, which may canplicne 
d i m  bcmnent. The prssrnc+ of antibiotics in bonm vdimrnts ma) also affccl 
brtcri.l -position of wartcs and b e ,  influence thc C€€~lo~ifDl SWlUrt of the 
k t h i c  mj&ial -munitifi. Antibiotic uw reduces mtural microbial activity. 
which to - sscwnuluion and reduced &-ion and nuvlent recyclina 



(J E.*troal.n umqemeal strmtqk# br alwus prevatb. n d  u ~ t r d  b 
sbrtap B m l q  

A n w ~ . b a n h c t n v b a m a * , M o l . u i d b w l o O y o f t h e ~  
rpaicn along with d~ in d q d ~  b l c &  of Pu dirue, puhoDaL d- 
drvclopnm~ d iqnoaks ,  epidrmiology nd c m l  manrrrr ue erradLl factors in 
mu- of a d i w r r  pmbkan. H n r s  Shrimp haIlb m u q m a u  q u i m  J 

Minis approach ddrarrhg all upcar th* d k t r e  tot& devclopmat of d ig .u .  

boda emwtm matuamait 9 a vkv m -&maul (Lm-kvcl mvimmncnt.l 
d*niormkmandtoPkepIvmtrtrvcmcwmragainnPuimrcductionofporhogms 
into the qusmIlure W e m .  Thc a n m  should be on batcr mrrupnnent for 
prvmtion. which is likely to be mac wsl effsciw thm mmrm~ involving both 
an-fum m a m g m m t  ud du mu~pmon of t b ~  mvironmeaL Step mun include 
d u c h g  rbe we of chomimh md drugs. Replatiom witk respat to hnd ud wucr 
Imp, en- p a r a l v c  manaoq inpm Ihc p into Pu q w c u m v c  
rynnns. f m - w i +  and q h - w i x  mun be pn in p l r r  by thc Govmumnt for 
d i v u c  m u u p m e n t  of q w t i c  animals and uuc.irublc dcvelopmcnt of rquaculturc 
U luge. In addition, -h ud k n l o p a m l ,  mining pmgnms, cxtmsion. and 
infomuion exchange would help .chieve thc objective of discare prevention and 
control in rquaculturc effective. 

Thc ultimate god  of mcnc q u a c u b r e  opntiau is to produce maximum 
polmlble bi- per cultun unit am in r rumiruble m n m ,  +less of the ope 
of oprrabn and &N v t p r c t r r  eultund. However, &N produetion dopcadr upon 8 
number of f r ro r r  l n c l u d l ~  mvironmenml condition* availability of good qualib 
W a n .  nutrition ud disease and mbrtalify of cuhured aock. Incidence and severit) of 
infcctiws d i r u e  outbreaks very o h  depend on rhe quality of environment. Hcnm 
the faremos~ important sttp in r g u r u l t m  kith matugemen1 is to provide the bcu 
quli ty  envLonmrnt within tbc c u b  unit. 

6.6 Approecba to rodmec d b a r  p r o m  la .brlmp hrmbg 
Sewn1  f r t o n  my be involved in thc o c c ~  of e p i m i c s  of cultured 

stock ud an o k n  m p k x  and d ' i ~ u l  to pinpoint. T h e n f a  d i  managcmcnl 
mud be viewed with a holistic ~ g k .  midering che host. pathogen ud environment 
and their inter-rclal~onhip. H a l t h  n a u g m m t  in q u w l t u r c  is defined as a 
process encampluring pmbwdu (urpomr), border, and poot-badcr (irnp~cer) 
activities, u well u rckvwt nationd and q i o m l  up.city-building fequircmcnlr 
(infnmuctura .nd ~ p c c h l i r d  sxpnir) fw quatic animal hollth rclucd 
r t iv i t i a ,  ud dsralqmant  and impknwaPtba of effective nuionrl .ad mgiocul 
p o l i o i u u d r s s u l r t o y ~ t o n d u o r ( & r i & o f d l v r I p d c h m u g h  
movemanu (inm. ud inarcutlarrl) of live .qurtiC wirmlr. Hmc+ eutmmt of 
disease should not cawidu the pcboga, rlon. 7 of d i s tue  poMems 
m w  canprix of kc+u eocryrtan wtb a vkw to uxmol hrm-kvel 
av i ronmmul  &WIO~OO rad lo Plrc messwe6 the 
~ ~ o f ~ t o . p c n d c c l o i m r b . I b r . B p b u i r r b a r l d b e m ~  



foc pMman Wich is likely to bc mar cosl ettstlvc Uun mumcnt 
invdveng ~~ mu-1 and thc muupman of the cnvinnmenr. Steps 

hir*ced rcducinp Ihc use of chemical and dtugs. Regulations with 
~ ~ - u n g * ~ t a l p m e c t i v e m + r a u a i n p n t c h u 8 0 i n t o t h c  
qmw h - w i p c  ud reghwise must k pn in p k e  b! rhe 
Go- fa m C I U  of quaic mirrula md sustunablc dcvelopmcnt 
of  qucuhurr sl I-. In dbim rc~arch. mining pmgwns. cxlmsion. and 
informaion olchnp would be wnr effettivr and responsive to farmers' needs i f  
based on S m  Mmrpemau Apporh (SMA). The FAO's Cak of Conduct for 
R ~ d b k  Fisheries wouM provide r good base fa he nu lau l  and i n v r m t l w l  

in hrmonizing 4W m i d  M t h  m n a p n m t  Miv i t im 

6.7 hobiot*l 
Microbes play both direct ud indirect roks in mqurcullum. Thcy not MI! 

cause d i m s  but also arc beneficial As a soil flora. the! too influcncc the aquatic 
envimnmmf. Their beneficial role had ban  recognized more than fin! yean ago and 
the beneficid brvris had been defined as probiotics kn anlnul husbandry. The) h8vc 
k e n  used to nix health) and discav rnrstanl farm an~malr. The) havc k e n  
rCCPbd U k m r ,  c h u p r  md  mom ettkcfive in promoting aninul hedth thu, 
mtlblotk& in hnn .nlrmlr. Of hbc mearchen tried to look for bmoflcial h e r i a  
fa us in .q\uculWc. Large number of isolates have been isolated rh.1 m whl in 
impwting resistance l o  disease and impmving soil md water quality Howver. the 
m l t s  w not a lwy r  enwunging. This ma!. prubabl) k due to the selection of 
inappmpriatc micmrganiuns. Before rccotnmnd~ng an organism as n probiotc. 11 is 
necessary ch.1 the bacteria have to bc evaluated whether 11 is ablc to 1mp.n mslsconcr 
and compete with the potential pthogenic brtcria. It should bc ablc to wlonlrc and 
prevent tk he l i rhmcnt  of  the puhogen~c b.storia. This involves the vl.billty ofthe 
wain ud lu abiihy ro llva within tho l u v u  w d  In dta mvimnmmt. The 
pathogenesis of the organism to the urgM animal has also to be tested in w t u l  fum 
condition .pur from he heahontory experiments. I f  thew chanetcriRics ue pos~live i t  
ma) be an et?icinrt pmbidics. The nea step would bc to dacmine the route of 
administering the strain either by bath or by mixing w~rh the feed Finallj Konomlc 
evaluation has to be done to see u,hehr 11 is north the invesunml. Ccruin 
characurinics, such as the abilit! to pmduce dhcsins. ~nhibitory substances like 
bacteriocincr antibacterial substances and s~dempholrs. competition with pthoycnr 
for chemidr md emg).. and the ability to boon the immune rerponrc, in ddi l icn to 
k i n g  non-pahogenic to the w e t  minul  havc been sugg~stcd ss tnitr required ill an 
w i r m  to be a candidate probimics However. In mon inslancer selection of 
bacteria w putative probiotics thus far has been based on an empir~cal ~pproach In 
aqusculturc, the ruc of probiotics. 

Robiotics m defined u microbial cell prepnmtionr of components of 
micmbW cells. v h k h  h v e  a beneficial cffm on rhe hui lh and well being oflhc host 
(Salminan ct d. 1999). RDbiotics cm help lo build up the bunf lchl  bctcrial flora in 
the intutlnc and comprjtively exclude ccNjn pchopnic b rb r l a  Many nudies 
elucidate the we of kficscid bssuria as pobinics (Gatnoup 1994: Robenm rl 
al. 2OOO;Vty$chum era/  2000) Thc microbial cullufcr poduce a varia?. u f  enz)mcs 
like mylue,  protease, lipuc. xyl.nau, and cellulrv in higher concnnmionr 
compared m rhc naive breterir w t w h  help to degrade w w .  These heflcria have a 
wide ranp of to\- fw  variadons in wlinir). tempenturn, ud pH. which unrsll) 



a i b t i n r q c ~ e o t a r r o p r b r a ~ b a b i g k o b o r ~ h L a d m  
~ h n n . 4  1 0 9 m U l i m I . r d n r o n o f Q m r c ~ A r r v o ) r i n A n d h n  
Rdah.I&~Stmcinfadirfor.qucutammiviticshucevalcdthabrmar 
uc using bah wtcr ud feed pmbiotiu (R.o er d. 1999). 

Tbc wucr pobiotiu camin mvhipk *ins of buapri. like &r;llu 
a~dophilw, B nrbrULt. B. Ikk&m*, N- rp, hmbncwr q.. ud 
Sac-$ mw&hr vhtk Bssd p b k d c r  camin LoaobacUlw rp.. Ibcillu 
rp. or S.cduanytar cemirlor . h b M c  supp- of live miuoapvlisms 
in quuukwc rids in p ~ ~ ~ a t i n g  dhan. hereby hacssimg poduction and 
dccrcu~ng aommic loss. R o b i i s  lpplkd hm@ f ed  bawt~u l l y  ra upon 
&lmp growll'~ uhimucly increasing pmduaion.Wna qwlity plays m impxtatn 
role in quuulturr pmduction. W U u  qd i t y  d+ccrimtn during c u l m  nuinly due 
to cke rcumulaion of rnarbol'u msta of living w i m u  dauxnposnion of 
unuilllzod thd, ud b y  of biotic mPr*h. C w  in *rPa v l h y  can ia fhmc 
auwivd of crpnlrrm as they b.oomc nJnnMc to d*ra. But M d d i t h  of 
M l a l  buwrium u pmbiotlcs k.Lp rmtnPta war qrullcy. tbweby improving 
survival ud grow&. Dirsolved oxygen in the cuhurr medium i s m  impcmant factor 
nw only fa the mpimtioo of qurtic organinns but a h  to n u h i i n  a favorable 
c h i u i  and hygimic m v i m  in the nia body. Tbc pH ofthc culture medium 
plays M imporom mk an the agu,iau. It chuiga with thc rccumuluion of 
m i d d  bed, drd rhslt* ud .rosm Thr bxkity of Pmaarir L pH-linked. 
Ammonlr is the mrln rd producr ofpvieh ombdlm ta rrobk sardhioru. Niam 
k mduced to unmonla in avmbk d K i .  Miaoorlpnim cut Mnven 
unmonlr into n l m  by n i t r i f i i oa  through the inunned'ury pmducl nitrite. 

6.8 Immclnor(lmcli8ab 
The lnvcrtebntts oncantar all cke unul sons of chlkngcr to self-imegnt~.. 

Their hrbiuu arc *den with infectha agents: virura. bwrcr*, fungi, pocis& and 
other m i d # .  S h r i m p  have imb d c k  r y m r  including thc phyofytic cells, 
produDtlm of coxk 0xyg.n md n b p n  maabollta, ard mmrlmLuion pthways. use 
of RNA inmfaww (RNAI), pmom-recognition roapcon CPRILr), anti-microbial 
puptldea (AMPS), whlch cffectivoly kelp in cualmting infection. However, with the 
d v w m  in q w u h u r ,  technolog)., .ppliution of c x ~ s  substancu lo boon 
immune system of shrimps has come into practice. These rrc usuall) chemical 
subswrer, which aid animals (&imp) in defcndiag tbaasclvcs @st disuse 
~ l b r d s  ud M d k d  i m m d u k n a .  81.3 1 1.6- have ban mportcd 
M be mwc promising rubstmum wlth immraortimu*coy poplnia. A number of  
other r u b s t ~ ~ ~ s ,  such 8s lantnvth chhora uparta* krky gl- haoferrin 
zpomn. dexmn, ppidogfyuns (PG). l i p o p d w d o s  (LPS). inulin 
kvunirok. herbal cxmnr.  ere. arc r b  npxWJ to k urcful in enhncing shrimp 
immune s)aanMmagmmt of thc pond mvirommt is pro&bly h e  m a  imparunt 
k t ~  for diWC pvmlion in rhrimp qwcuhwc. But it is often Mu s u W i t  since 
d~ pond is w opcn system impraed by humrn activicia in t& wmmding 
l u d r c r p u w d I w b ) ~ r a d s l o b . l m n r p a a r i c n . ~ ~ ~ ~ p w i d c k c y  
inplct mi ~ p p o n  to duhp f.rmi. H m .  avnarrpkQwa oft& mmgmw, 
~ h o Q n ~ s u r r y b U ~ ~ ~ o l E k e n w r * r . o d o i m m i s a  
n a o r w b i c h ~ t & J g m d i r r r p m b * m r . T b c n m o n l o f ~ M w i l l  
cvanaul lyr lwkdtoa~ofwiM*rvuudduhbrardmwhichdunnccd  



w b c b r o c l e h r f m a ~ r ~ q i K l t r r i n p b K r i a k f a s p r c & o f ~  1hC 
Benarlqrpmfhaiafw 
I .  ~ i n g n r i t y a d p m d d a u i ~ i a  
2. Srail'i pad mvironmcnl .Tm ud r e - f k u k  pond rnln 
3. Ints(pmsyannrfaefflucacbcumcntudrrrou~monyancnt 
4 Keep within carying upuir) of 1-1 mvimunant 
5. Judicial use of  mtibiotia IDd &kina 

6.9 C a d  p i d d h  Lr  &Amp beattb u u y ~ . ~  
Shrimp discuc i s  a major constraint to quruhur t  pmduction Thc mcnc 

d l  st rSugks  for controlling di- in shrimp pondr uc Bcner Muupmen1 
thm emphuin nm-mrrtful avitonmcnc for chc lMmp  which hu a -I 

infl- on the efkicncy of shrimp piduction. Hmcc minuinin8 mood water 
quality is very imponant lo reduce disease Nks and lo ach~vc bater rhrtmp 
production. 

14. 

IS. 

C k k  the pond daily for sick or dad shrimp or ohm r i p  and record them 
Check the health of fhc shrimp regululy using a c l m  and d p  urc net or 
check my 
In rick Brimp obprvo fa wkite spot& g l l h  gut content, w u u  qualily 
M d  pmd padm wndltion 
I f  shrimp vc wimming in lhc morning (oxygen problem), chnngc 15.20 cm 
water immcdiitcly and reduce thc fcrdtng rate 
Plankton bloom is essential for successful shrimp culture. In earl! steyer of 
culture (4 to6 weeks) i f  the color of the pond water is clear. 8dd mlxturt of 
orplnlc (10-30 k g h )  .ad inonpic fallinn (1-3 k # . h . )  to @bloom. 
Su&lont wuur mwr be k6pt In cho pond to d u w  ri&a of thr growth of 
benthic d g u .  The urter depth in the shallowen pin of the pond should be n 
lean 80 cm. 
If there arc benthic or floating algae In thc pond. rcmn\c thcm manuall) 
During warn exchange, each timc the exchange shi~uld not cxcecd 309;i of 
water in the p n d  and ideally it should be 10% of the water cnch timc. 
It is rccommcnded to use water for exchange onl) bum a rexrvotr. Watcr 
should be left for at Iem 7 days in rnervotr before pumping to the grow-out 
ponds 
Do not exchange water when there IS dra~ruge r i m  n w  d t w u  affected 
m. 
I f  the water color is too dark, do not use an) chemicals to hill the a1g.c 
Exchangc l k m  of water. 
Agrilimc should bc sppllcd rcgularl) lo control water pH wtlhln lhc OpllmUm 
MW of 7.5-8.5. and Itmil diurnal pH fluctuation. Agrilimc should be used 
.Aa every w u a  mdunge or after pmiodr of horvy ntn. For u l d  w i l  or 
or- was, quick lim (00) rhwld be rpplkd dong tho h. 
DO in pond my equipment (nets. bowls, flwu ck) which ulcd In 
oms p&s. u they might sany palhogens 
~o through the black soil on thc pond slopes. Rcmcrvc 11 away frvm the 

pond 
16. Thc p o d  bottom soil should bc checked wcckl) once, crpcclally at thc 

f r m d i  uer or trench fa black soil. benthic rlgac md M m ~ l l  



17. W l y g o u l d b e f i l M d U p p l ~ b . 0 1 o f l O h d d f m m c l b a I h c w * a  
~~~~~~~~~~~~~whicbnuyk 
pseca'-pohmh- 

18. M u r r c c w r o l p m d ~ ~ u a s a n y t o i d r m i ~ p o b k m ~  
p c d r n ~ t o i d m l i l ' y r a d r r a i ? y t b e p o b l a r u a & i n i t L f ~  

19. D o n a w o f b a m ~ l l b a n c d c ~ ~ . n d m c i ~  
20. Dissolved oxygen (D.0) &add nd k dlmcd to dmp bcbw 3 ppn u my 

time. Rmidc dequac untiar. 



7.1 lmtmdwtlom 
Shrimp fanning one of the mmc imponrnt conoihutorr for the rutionrl 

muxm cht pov* s m a n i c  oppatunih for the corrul popr*tion in India. The 
m-tum of P'M~ in lMmp ulw~ularn wquimd d w  h a  eyhtior and w l y  
nincfks nupd declining since lrte n imim duc m awumnm of  whim rpot I)n6mmc 
vhs (WSV). md ItiplluiMU of Supwnc Cwn. In recant yum (he nuuirubi l~t)  
of M m p  farming has been q u e s t i d  in v i m  of the vuiour mv~mnmenul md 
rocial concerns niwd. The major cornem is the environmental s a f q  of the cooscnl 
zone s i n e  shrimp farming is an integral puc ofthe coaaal en\ inmmmt 

Shrimp farming, like many other fuming acuvitles is dcpcndolt upon the u x  
of mural  m o w s  water and land. It is euurtkll) the use of rher revnvEn almg 
w i t h n u j o r i n p u u s e d d f e e d  byqwculhr r imthudstuminnh~~udru le  
of c n v l m d  interactions. The present dry shrimp q u r u l m  is able to W v e  
even under severe environmental. phyliul MCI biological sveswr which are 
manipulated based on the undcrnand~ng of expcriencc$ of successful managcmen~ 
practices adopted b) different culturists ober the y e a .  Some of thew suy~ested 
pracuces could potentiall) rcwlt in positive knef iu  lo the envtronmcnt and d1lli.r 
fmm regions to regions. Adoption of p m p r  muugemcnt 8ulEogier b p n d l n g  on the 
site environment chncwrinicr .  system of culture, Ihe b.pe of muugwnont and the 
needs of rhe loul population will definitely l u d  w auruinablc development of shrimp 
farming. Globally, thew management strategies arc ~enerall) outllncd in the form of 
Codes of Conducf Guidelines and Bemr Manngemcnt Practico (BMP) luued h) the 
\.arious agencies. FAO. NACA. UNDP. WB and WWF puhllshed Intcmallonal 
Principles for Responsible Shrimp Fanning in 2006. ' h e  sallcnl polntr pcmlntng ti, 
urll and water panmeters are presented undcr the h c a d ~ n p  of wotcr use and Iced 
management along with h e  guidel~nes for ~mplcmcncaln~n Publication pages uf 
NACA (~v.w.ennca.org) giver several exampla of BMP progruns in Asia. lncludlny 
extension muah and pi& boob from revenl countries Experience on well 
desipmd and implemented BMP$ in several Asian countries suppon pmducera in 
reducing the risk of shrimp health problems and the Impacts of farming on the 
environment, producing qualit) produce and improving the xrial knefits from 
shrimp farmingand i b  social afecpubilit) and sudainabilit) 

Tbow @&liner can never be conridered u a wlucion for d l  the problem but .I 
ka un be uLon u M indication of possible rolutiau since th cnvimnmenui and 
said hues uc all very site-specific. Allhough the tmns BMP. good q w c u l m  
prscticn (OAR) .nd othm have been used almon intcrchang=bly to define 
p M i c e s  for rhe sustninrbilit). of Ihe aqusculntre seaor. GAP often refers 10 pnarcs 
tha ddrcrs f a d  safety as opposed to BMP that tend to include prscliccs relwml le 
envimnmmul prmectian. food safety. w i a l  responsibilily and disease nunagemmt 
Many of the pnctieer no doubt improve h e  production cfficicnc> in the long run, but 
p o o r c o r c - k n c f i t m i o m y d a n h a i n d o p ~ r o m c o f ~  B M P r m k  
cowfry rpscifk, a dewloped fm a p n k u k  lourion. laking a c ~ o m t  of she 
chPMnistlcr, local f a n h g  ryncms, rahl d scanmk caMa uurkas  and 
envimmncau. In India. Tot example, experiences of NACA have s h o m  Ihrt rhhovgh 

~ ~ L . e . v y a r t o f r l l d ~ * a ~  $1 
L . - l l l - r a  



73 8.ct.r ramgemat p n d m  
~ ~ l a ~ k r h r i m p ~ i l l g u a b d a l e ~ t w o  

* n l r - a y b r n ( & * v r l o f ~ h n n v b i f h h v o l v e r ~ u t t l ~ o f m o v r a r  
u d h p m m d h r t o k f D l l o v d b y t h h n a a o d b a t h o r b m k h e e l ~ f p o l i c y  
maken lo u to imegruc chrimp fanning in ctw ovmll derclopncnt plan of the 
coastal ZO(Y. 

73.1 Farm level anwgb 
Fann sitinp. design and sonrtruction 
Pond poplntion 
Soed q u l l i  md nockhrg dcnslties 
Soil and wdw quality m m p n m t  
Feed quality and muusemQIt 
HeatthMmqcmmt 
w w  warn lluMgemm( 
Harvesting 

7.22 h k y  bvd rrmykr 
Integrated coastal devclqmnt fa sustainable dvtmp fanning 
Roper land use zoning md provision of buffer zones 
Regulations nparding pamined and noi pmnincd sctivities 
Regularbition of issue of licmxslpmnib forthc permissible activ~ties 
lnvoduction of non-regulator) mechanisms in fhe form of incentives. 
voluntary cades of conduct md inrroduction of but  mmgcment practices 
Rovl~lon of in- in the T a m  of 'AqumAwe e r n '  
C.p.~lty bull* among the dltfDnnt rulrcboldar and cmting a w m w  
mgldlng coutd nrns muuprmsnt 
Encoumgiq the v P i w  wers of the cornr l  urn m fam self-help gmps. 
fwmal md infonnrl unuiatiars fcx self-monitaing thc environmental 
impacts of the different utivities. 

Quonimdmrurvoyhr&boeoad;crsdat&rhuxi.buedmthc'~ 
existing fanning rymms have to bc clwihed md uteporivd m m*tian to 
rnmgment  pnaiKI  md cnvimnmenol conditions. Adopion ntt of BMPs and &c 
fu ton  influencing the dopion  have to k d. Invest- ur to k urricd 
o u t o n s o i l a n d m p r q d t y d s h r i m p ~ ~ m d u u p p a f ~ h w a  
u c h f i h t o ~ ~ ~ Q ~ o f B M P I . ~ f i c : ~ m d i a h v c l o b e  
c o n d d  ud b d  m Q r d f r  d m  and wide r c h a M  of 
BMPS will bo dom md t k y  will b dopd/harl*d inm loamion rpssifk BMPI 
a h  urbjemlng m oemanic. rr*l md envtmamantll soa* 



7.4 Clutw fbrmiq 
Some of Bhil's un be euily implemented by fumcr's cooperuion md 

forming ~ ~ ~ u t i n r .  Mom positive poinu un tm m l i d  in !he cluaer fanning through . . vwousr umpued to indepmden~ fumen.  Soc ia ic~  un target rmdl md poor q u a  
farmar and mat ing  awareness on BMPl such ~LI decrcax tn the uw of 
chanicaWpmbiotidinputs that could reduce h e  production cost nnd slupplng the use 
of banned antibiotics. Cooperetion tn buying hlghqualit) larm inputs such u u t d  at 
competitive price, access to credit from (hc banks. i n c r e d  cu-opemttun tn general 
improvement worts such as deepening inlcls an fen benefits from rocletin 

7.5 Co.cldoa 
Mon of the g r n d  BMPa arc being rdoptcd by m incturing number of 

farmers in India. Lack of discipline and co-opention m o n g  t h t  fumen  16 h e  mom 
i m p o m l  BMP responsible for the setback of shrimp farming Henee. fannen should 
be faciliwed to adop  and adapt management practices sutkd tu local condltwn~ 512 

ch.1 crop ins- would become a risk management tool W id  c s p r c a d 
.dopia, of BMPI in the shrimp firming rcctor, Judinp lo impmved yield, 
W i l l * .  and a nE* quaif*. and env i ro~~onu l ly  mund shrimp prodvcc Iw Qmcnic 
m d  inmnuion~ rhrrmp mukN. m y  of the pncticer are not con-cffstivc. M a c  
in-depth s a d i a  ue required for che development of iacltion and cyncm r p ~ t f i c  md 
cog-effective BMPs incorporating princlplcs of ew-baud m.ru(lcmcnt and bio- 

pmtocols and to dcmonswrrc and balidaled them funhcr to make the shnmp 
fuming sustainable. 



8. AQUATIC B l O R E m T l O N  W COABTAL AQUACULNRE 

-.L .d PP.c.* 

m ~ ~ ~ o f r b r i m p m b t r b i o a l y i n ~ u m  
condition of ulta qurl i  psnmcmr. Ob8, tbt hcrcuhg impimvru of  coarul 
wun qurlily dreus the .ePcuhrr poffolWliIy. The .ntcr relased from 
qwcuhurr pada caariar Mltr*d.. cqmk muca. swpadui wlidr and 
mhwrpnisnu, mnbg .Ipl b b a *  DO dop*ci ud emas, which ue 
~ f ~ v o n b k m ( b s a h b b a f i v m M c o d r d h ~ r g a a * p R i c u * r t y  
whmthcLnukrmdQ*nrsc~ofdr.eucularrrfPmrucbochbredwthe 
~unc w m r  ~ m c .  Advnv pond condhiom arh u low DO, high nutrient Id, 
unmonn and nitrite in the qcutic mviramcnt my u u x  non infcctiour diseases. 
muscle nccnnir. body cramp, incomplete mollin& uphyxiation u i d  sulfate d i xav  
(acidma), b l r k  gill diuue, red d i vue  md soft shell, The moa c m o n  procedures 
for removal o f  toxic m*.boiitu of qww)am watu w ramion and water 
exchange. The physical metbods m noc w m m i u l l y  feasible because of dour 
problems m d  vw ua requimnenu. Water exchange un be effective if enough. 
pood quality wucr b avdl.ble to npidty exchange the pond w e .  Anaim un not 
rodua mi- s f l s d i l y  in bnclrirkarrn ponds. Mozt of the pmviouc works also 
highlighl the uu of  ummmi*l ly available activated cdrbau I bioaugmmtation 
matertalr m d  ion cxchnge using zmlite, which ue relatively expmsive and less 
feasible lo use in developing countries. Funhermore mlitt un nol reduce ammonia 
from bnckishwatcr a d  the luge mom of zeolite needed to significantly duee  
unmonk conssmncion would be impnaiul. Funhsrmm. application o f  k leMl 
arymonmion podvnr ram# rrdwd.nt u bwWa in thcm poduar m nlmdy 
availabk m ~ n l l y  in the ponds. Swocuful qcu-fuming requires the safe mnoval 
of the contaminants from q lu t ic  environment. Therefom, development of newer 
~cchnologies 1 methods for their safe removal from the environment is essential. 

8.1 Biorcmedhth~os' 
Biomnedinion is s biotshmlopical tool which involves the ux of 

Indigenmu and non indigenow m & i s  a its cnrlchcd cultwe in ponds to 
mhnor (bs nb of  tha bbdm&tb ofwntrmhvna ad m W h t h  of -ic 
mnor ud to #el rid o f  unds~mbb wucs compounds Blaemedimim un pmv7de a 
b w  co* alrcmnin to 0 t h  mmdLtlon technique$. Biaansd*tion gremly improves 
wnsr quality and reduce the pollution Iml of wasmwtu b e f m  its r e h  into thc 
envimmmt. During the proem% micmmgmismr usually bsmi. fad on thc 
conuminum m d  they provide enryma to enhance minudintion of organic macur 
and to mvm mxk a m p l a  mdentk Into water md dioxide a other 
h l e m  mu lk r  molecules. Orha mivanages of b k e a d m o n  m improving 
immunity o f  culnmd aimdr to puhoDsaic microu&anirmr uni proven1 the level of 
Ink t ion  md the frequent outbmks of d i a u a .  In & d k h  kncf ic id b.cmi. 
wmpctitiwl) exclude the pthopnic b.fba*. a pndw submum th.1 inhibit thc 
grourth of the psthopnic bacteria. 



ti-, cMftrath rrguk high o x y p  supply carpid *ith sHk ctfoct of mlld 
ridiAcaioa wbauc deniifim pmduce paem green house gases Conv~oeiy. 
vuaobic unm0aL oxkbtka (Amfunox) is an ianontiw bmtechnolo~iul p m  
rbich b buod m mu'gy Gonxrvaticn fmm moxk unmonium oxiduion with niuiu 
uml-ropca.RuaofuummoxvehiLhDlioth.~rodimeo~wbkb 
i i ~ ~ k v s o * . m m o n i . m m o d f m m w ~ . C l w ~ ~ n i ~  
cwb M maman wmn by in- -bk uamoalum  mui ion 
(uummox) pmons in culnvc ponds and re-circuhtiny sytems IS dvantapnwr due 
to the complete nitrogen removal throuph oxtdrlltw uf  omrnonla b? nttnle undrr 
anmvbii condition wirhwt any organic cktron s o w  

8.3 %at urbcd bioremcdution 
A ~ M  from mlcrobul b~omncdution. green rcrnedtrt~on or p h ~ ~ ~ ~ m e d t n r t o n  

IS one o f  the .I-vU technologlen for rcmovu tox~cams from h e  cnvtronmcnt 
Organtrmr such U dgIe and m g l u l  ud filuncntous brteru growing on qwthe 
rnamphytcs and ehm submergcd su~es'surfaces arc called u pnphjqun I t  

improves pmductlon and uatcr qualtt) Penphyttc bscterta In ~hc  blolilm plr) o Le! 
role In the production of enzymes and degredatton of organt~ mancr and 
mv~ronmenlal toxicants Thc tmpmved gruuth ha5 bccn onrthutcd to thc 
mhurcment of the mlonurtton of cptphy~c biota b) the Idd~tiunrl surface m a  
c m d  by fhc r u h t u  whtch In turn pmvtdes a natural food supplcrnent for the 
shnmp 

8.4 Green-water tecbnolcgj 
Gwen w a w  culturt system IS hlological appruach tntcgrattnp thc ~ulturc ul 

other economsally trnpohont rpnles utrh rhrlmp Sarrntnp lor hli~rcmedtnt~on ol 
chemical and rn~cmb~rl  pollulanls In rhc nrtem Eughallnc fi5hc5 hablny hnmd dtct 
spectrum and tolerance to poor Hstcr qualtt) arc tdcal cand~dntc rpeilcs for uu In 
green water technolow Gnmwater technolow appl~cd w lh  rem w r m  exctunur 
L d  w i r c u l t i o n  +r have hc  i o l ~ow in~  iivanugcs Condttlon wrur b! 
b~omcdiation of chemical and rnlcrobial pollutants; Economical hecrux of reduced 
capilal investment and oprating costs. Environmental ruslatnabk duc to reduced 
water use through zero watcr cxchangc and rccixulnton s!stcrn. Prevents enlr! uf 
possible toxic wnam imts  and palhogens from extcrnal watcr routcer end thur 
controls d i  outbmks. Avoid$ use of commcrc~all) rva~lablc sorll) 
b~orupncnuwr / w a r  rddltivea; Rccyclu biodclpdrble numanu. 

8.5 S m m m a ~  
I t  s c la r  rhac wata resources wlil be under IncrcPsing pressure for human w 

and hrrurc demands for aquaculture b d  food ruppl) wtll tncrepv wukr demands 
fmm the sector Dunng culture pcnod cvcn under crncrgcnL) rltuattuns man! 
fWlwrS We utubk to exchange water due to nun avatlabtllh of goal  quail!) w a r  
from the source Otbn shnmp ponds arc complclcl) dntncd to ~BCIIIIPIC h w c n  Th1% 
WMlcwabx may k put%u*rly ht@ In otguuc rrmnu, nu(nem, surpendcd wlldr 
l o d m l o m o r p n u r m d w t o m s c h a r r l d t ~ o f r h r p o n d ~ d r h r ~  
volume of &hrp n u m u  and org.nic maan uc bi-ble Un& 
lbese crrcumdurss, b u r m a t  of aqus~ulturc water in chc culture pond ~ucl fand for 
Its muse pu- u a -1ble mean lo ruppon Ihc further g r ~ ~ h  of aquvu l t u~  
rndurtry wtthcw -tve water dma& that arc a!tronrneacally unruatnabk 
b, the drvclopmcnt of s~mple and wa cffictivc bmrcmcdul~on tshnolog) foc 
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9. INTRODUCTION TO NANOPARTICLES AND ITS APPUCKT~ONS 

b 1 9 S 9 . R h h u d ~ a p o f r r o r ~ C . l T . o h h m o d u o d c h r w c f i d r o  
d r o ~ ~ ~ ~ l o p r r d b r o w D d m o ~ P I . n v o f  
Room a rbc m", bypomeriunp rhu atom .ad molaultr  could be d n n i l )  
nunigultsd. The f.ft mU wUcr b ' t  stick on lotus led lends iwl f  to the corwrpc 
of nanokhnoiogy. Althouph hanaechnolw is a law dcvelopmen~ for u* w 
forefahers ufed nu~ncicnce knowingly or unknowingl) in IIK prcparanm of Indian 
msdieint for effective weatmen!. 

N u q a t t i c k r  ue d e f d  as putuulue nuncr, a rubthction of colloids. wtth 
a dimasion of Leu dun 100 m. A given quantity of 1 chcmiul nude up of  w 
sized panickr have a vmly grcatcr mount  of su r f re  area to volwne rule than the 
wmc quantity of c h i d  U a convcntion.l sue, u 1 result, nuu, stzed catalyst cm 
consume less en- d generatc lest waste. Environmental m o  tcchnologln 
conuibutc to economic growrh and innovation whlle u br lame tlmc a l lo~ lng  
sustainability by getling more function on less spase. 

9.1 Propertb of u m o p r t l c k  
Physid m d  chrmiul  propmicr of mopuricles  ue diffmnt rhm larger 

particles of sune mlllcrial. The rcarons m :  

I lncrarlng surface m a  depends on the changer In the d~\tr~hutlon of \u r f rc  cdycs 
stcps. Lrnks and bnaces 
2 Surfase fm cncrpS will change as B functlon of panrclc SILC thus ~nfluenc~ny thc 
thcrmodynamlcs and c h e m ~ u l  resctrv~t) 
3 Atomc mucnuc v d o n s  by changes In bond Ionfir, bond mglm and oIbr  
defects n e u  and on surfwes 
4 S I ~  quantuanon c f f k v  mod16 the electron~c structure of the matcrul rr the bnnd 
structure well known In bulk mamr~al, begins to rexmble d l ~ r c t c  energ) slates ol 
small molecules 
S Nanopan~cles ~ l b ~ l ~ t )  can be drnst~caII~ altered sf water chcmlstq ~hnnyes 
Exunple, Sea wuer mlxlng w~th  nver w m r  w u  l h o ~ n  IO rmmove all ~norgu~lc  
n a n o p m ~ l u  fmm the suspended I d  due u, salt ~nduccd .pgrcgatron 

Muid  Nnopamcks h v c  cxincd in volcanic dust. nuxi Ratural watcf% wil d xd~mcnb  
and they M profoundly influcna thc qualit) of d~ avironmenr. Aquatic nnnpu%sks 
d k n c e  the of wutr chcmis~y md SYSWIU LRml)) thvl sunlhr 
m r a W I o f l r p c * z s . N m m l n m q u r i f k r u t s n v f l o d b y a w l d c ~ o f ~  
ad biok&aI praxrsn. Or@sm hn rLo cvdved in the avirormmi conuhhg 
nmvrl MoprriELa. 

S!'nthcsucd nanopamcles arc produced b> different mclhodr such ss ph~r~cn l .  
chtrnlf~l  and envuonmmtall! fnmdl) manufacturing p r rwsx?  uvng I~klng 



93 Bebvlour of uuop.rtkkr 
TO bata uldcmud (hc fW Md bduviour of  Nnopnicler in aquatic 

rynan&klrnanrlllmlmdaWdtbstrtnaaalanvtchcuamlt~m~omponenu 
wch u mvimnmcnol colblds d nmnl o r p k  mmsr under r wi*y o f  physic+ 
chemial pmpenk, Ilk p H  Ionic lam@ rnd typ & concentration o f d m .  

Su r fw  propmies of namputicles such as su*c costing. aggregation and 
dirsggrcgmion will largely detmnine the bioavailability, fatc and bchaviour of 
mnopniclcs. Thew m influenced mainly by pH and humic acid. At Ion pH (pH 2).  
runoputicies ur prcmt  as individual d pnitivcl) charged in the presence or 
rbrena of humic w id  due fo high ekcuuphmic mobility 0, whereas at pH 4. 
large agpmption occun in the prsme of hunk  w id  due to decrease in EPM. High 
pH (pH 6)  Ledr to porcua aggregates in the prrncc of HA and wmpan aggregates 
in the absence of humic acid. Porous rggreptes I d s  to slow sedimencstion and keep 
runopaniclcs in water column for long period. 

In aquatic yams, mpanic les  play an important role in the solid! water 
pullliming of eonurninam. Carpminum can k pdtloned by drorpi to rhc 
mRee of naopmkba. .kapcion bno the naq*rrkk, aymiphaia, during 
f m i m  of s mml nrnopnick a rmppod by nggrcprtion of nanopanicks 
Aggregation and Subilinaion m ovo fu(ars tha aRcc ammminsm rafion mlo 
nncqwicla. Aggregation kads to d i n g  of panicks d reduced mnqnnaum 
Strhiluation maintains nnnoplnicks in water column and i- their transprtatim rate 
and distarrt. 

9.4 ApplluCtoa ofu.oprr ( lc* l  
Na,Dsdndosypmniam~barfmnrhum&ciipnenhakgsc 

a n * d a \ r m ~ r u n a l i r b n ~ m d ~ o r r r ~ y m ~ m d  
r m f b a i n o u ~ ~ o n n n ~ N n o p r c W q m r y m p c t Q ~ ~ ~ ~  
@Me mys: a) Dtna ctfsr on bkq b) m the bio ~ ~ t k b l l ~  ofrMlhL% C) 
l d m c f k a r o n c c m y s a n ( i . c . ) ~ u p o l ~ n a r a l ~ r u b a s r r e r a d d )  
Chanps on the envimmarm m'm smroaa. 



~ b , l ~ r c r p ~ t m m l l l d i m n O x i d e ~ c u m n t l ~  undcrrtivc 
invarisltion tmabom. 'lhae ntnrrl ~nopnickr   MI in 1 wi& of din.9 .sd l o o w  scninOl ud M involved in caul)tir d 
aplb mndbmim. N ~ I Y  wunhy avicmmanl nraopctlclol an p 4  1 
W~blmpommobaa* l lcbuwrhrkr lad(broval lqdfg .o l .umr .h  
drmg Mwrmbd - lb d b h r p d  Ihr ud chamU cunparnda in wusr b? 
wing u-v light and visible light. 

NZVl is h&ly useful to reduce bnmrlc in wata which is m t n o p n i c  Iml 
f a  dcchlainuian of dissolved Poly Ehkainued biphcnyl (PCB) and also for 
rcductiw immobilization of Cr (V1) in WICT and in Iwn coil Neunll) 
occurring calcite is useful to d u c t  nickel content in drinktns water Sihca nugmttc 
~nopucicks arc helpful for isolation d purifmlion of DNA fmm roil b) simple. 
npid and inexpensive method. 

Some of tbe co~mmoa unoprticla a d  tbeir appllutiona .re lbtcd bclm: 

Nuop.rtMn ' hlano ao nkm uon 
' (Nzvr) 
I 
I 
I lrof!. Fc" & FeO 

4lumt~um slllcate 
Fe$ ZnS & CUS 

' Chdoun 
\ 

I ~ l p  

T o ~ ~ f h r ~ r c d k a i o b a u A t a t h i s w o r l d L h ~ .  
N.aopurUa can help w cmnnously In vvlod Llsldr llLs Igrlculnur, rnvlronmenr 
medd rhce, ac, w i m  used pndcntiy. The world f- Ihac ~ n o p M I c l u  hold 
thckcyforfimaedcvclopnmtandtongainl@gmund. 

A lion9 
Dechkmumn of polychlon% h)dmcartnru 
PwWea & orpnk solvenu 
RancdtPhn of lnagsnlc h 
Immhltl lpon ofhavy mop] m w w r  ad wil 
hpmm phytopl.nlrton g m ~  
Removal of cJuwnlum and dshlonnat~m of hldmiuton% 
Carbcn sequcman & plluuon lrnpplng - -_ -- 
Mual ~on  transpat tn oxic & anoxr a q u a ~ ~ ~  ~ y a m  
Personal care products, btomed~ul products, food u r q r  
flaculanu In water & WMtewltcr treatment 
PwUble water fllten, clothing, coating for wuhinn' 

/ machmc, ref'r~gmtor & food con&nen 
- 

I TIO~ Air punficn, warn treatment s)stcmr for orpanlc 
contamlnurc deend.tlon --- 

h0 / Anlibacenal creams, lotions and o~nunents. deodorant, sell 



n I c r h r i m p h r m v l l a M b b m s r n o n ~ d e a o f . I f h a m c h !  
Mlcrlbutcrcohcdsgd.tianorQnbonmoataduuro'rilpdhfioa'wkhinthc 
#ysmndwro~fkrkmoftsbadoly.Tbctanta'dlcbrp'a -'me 
mar~ndvrfbmrdh*altaarqvraolhrrbrhla#cpmtimradnot 
I p ~ c a  Indunry. Disdwgc h n  qua hnnr ukinutcfy r e d  he rsceiving w a n  
(riven, c r a b  emury rad Sea) a to dte lud. A q u w b c  hnns arc h l o p d  in 
0mynmdinorminlmtbmtheinkchomone6mn~offvltnhanocnktof 
t h e n a t b y f m . 7 h c + m l y I c d c o r p a d m g o f d i u r r m m ~ i c r u k i n  
certain iocatirionr. 

10.1 CbaraclwlUia o l ~ M m p  hm wastmvrhr 
A canatrim of rhrima firm e f f l m  with wucn fnnn dkct Dotcntial sources 

of pollution i ~ l b l e  I) sha& lhat hot shrimp farm waac wmcr b k s i d m b b  kw 
~ l l u t l n g  than that of d a n c a k  utd mduraLl effluemr. 

Although the quality of shrimp farm w u t n r n n  is far kss polluting than some 
other sourus of wsncwrter, warn pollution pmblems may arise beuutsc of the Iargc 
\olumes discharged. puticululy when shrimp f m s  become too umcenartd in areas 
uith limited water supplies or poor flushing uprcity. Unfortunwl) it has ban all too 
common in Aria for nuny lnverton lo rush inlo thc m e  uea such that om farm's 
d~xh.rpr  b m n  uwther h ' s  intake In India, such unrrpuhctd develop men^ was 
o h m d  in w m i n  usu of Andhr8 W ad Tunil Ndu. Bsuusc of such 
ovsrlwdlng, lhrimp h e n  arc the first m be dMai beuum of thc poor quality of the 
Intake warn. The qualify ofthe is &ally dcpadsnt on he type of culam 
*yam. 

Ta&_LCompnsion of shrimp firm wavlaeaater hom di-1 satrcer 

In uxnpositioh shrimp pond w u t u  horn semi-intensive and intensive f m s  
conris of (a) mlid matter (unarm food, hcar phytqlhlyc~ and colonidng bacteria) 
m d  @) dh lved  nuamr (Mmoak we& mhduud% phorpbDM rad athcr 
d n m l a l * m d d W ) . T b , m c a n p o a a c b t h r m h o f p h y d o l l  
qrulkla of fbed nd fat[lbaim h l s  vh ik  the lam ~mparsnl is intbKnad by the 
chemical composition ofthe fad ingruliam md the M l i r n .  It hu been teponed that 
77.5% of nitropn utd 86% of phoqhm ddcd IO dte inrmoivc ponds in Thailand arc 
Ion to thc environment. 

Pvun*n 

BOD (mp/h 

Toul Nitrogen (mfl) 
Total Phosphorus 

was& - 
S z  

4.0 - 10.2 

0.03-1.24 
0.01-2.02 

Dane& 
(musd) 

200 

60 
I5 

Dass*k 
( u n m  

300 

75 
20 

Fish proccuins 

10.000 - 
1.s.ooo 

700 - 4530 
120-298 



6'- Pd C & m d  OXYW Dahudt (BOD and COD) of lhc wwewccr IS 

ul indhdoo of bM of mlaobirl ad c b m i i  inmurlonr. Sail pnkkr ur & 
w+dd by Ma thm~& uruh and wuer cumnu -led b: wind d o n  
udmochmiullsntion. ~ M J o r - o f ~ d d i & i s m E h m u I I I o f  
pond fu duhlJ m. a flowing m h r  w p d s  d i m m u  hm pond h o r n +  
ud cfflumfs duting thc thcl phspc of hrvcrc ue espwidly high in suspended solids 

10.2 E W  of eflloemb la receMa8 water bodkr 
Disthvpd wuer from firms often has s i p i f w t l )  diIfercnt dynmtcs than thc 

receiving wuua. Hen=, some infmution on lhc e t k u  oiemumtr on rrcclvina waten 
u -my. The -kin( U!l Uthilm pO~hJtUlU lhmvgh w i ~  phyrkal. 
chcrnial and bwlogiu l  pmarpes. Shrimp fum effluenu conuin high concentntions or 
dissolved mlU h brackishwater and seawater used to till ponds. cxchmge wawr, m d  
maintain water levels. so d ixharp  o f  effluents Into freshwater m a s  can u u x  
ralinization. Obviously, indiscrlmlnate dtschargc of shrimp pond cmuenu un u u x  
euuophicuion, uccarive aubidir). d imenut ias  toxicrr), and u]mrnL.tlon in q u o c  
habitm. Rcduccd diuolved oxygen in receiving w u u r  due to discharge o f  w.ncwawr 
low in dluolvod oxygen and M d o w  of d i r ro lvd m d  purlculrte o r g ~ l c  numr  m d  
otha wutc rmari.lr (BOD and COD) Thew ncgstlve impacts can reduce the value of 
c a a ~ l  ecosystans for othcr u x s  and adversely affect the natlvc flora and fauna I t  IS 

imponant to rodufe thc volume and enhance [he qualit? o f  shrimp pond effluents and 
minimize the possibilit): for adverse env imenta l  impacts I t  should IK plrslhle to 
greatly d u c e  these impacts chrough bencr practices Ncvcrthelcss, it is ~mposrihle. a1 
least in rhc nar hmue, to eliminate dirhargc from shrimp ponds. 

'h corcenmdon, of warn quality vsrublet pmvlde ureful rnformrtlon on rhe 
nlatlve polluaon suengcb of cfflumu, but thc polluaoo loud cannot be erunured from 
concentratron alone The load of II pllulnnl In effluents Lun onl\ he dcierm~ned uhcn 
both cffluenr volume and concenaation of pollulnnt arc knvun For crsrnplc tuv 
efflucnrs m~ght tach have a b~ochemlcal oxygen demand (BOD,) of I S  mgL,  hut volume 
might be 1.000 m'ldny f a  one effluent and 100.000 m'lday f a  the other Thc BOD, 
lord would k 15 why for rhe lmrllu effluent md 1,500 Wby for thc k6.r  affluent 
Obvlwtly, ttu pollueioa p~oadd of thc I u p r  efflwnt 18 much #malor dun that of rb 
tmalhr one fhe pnuctpd wutc mrtenalr from term-~nccnrlve m d  Intenrlve tMmp 
culrure and r tK~r  grobrble effccu are prcrentcd below 

r- 
- 

W a w  1 Rtmaryeffect 1 Secondq effect 
mslcnal - - - -- - - - - - 

Uneaccn food, Increased n u l n t l o ~ l  Env~ronmenul changes. 

m r v l n g  wrtcn. Pollution o f  wurcc w u n  
I I U ~  d l m m u t l o n  -- - 

Tharpeuunt Ecotoxwlog~cal Impacts Morfalit). Sublethal eflect on targec 
and non-tarpa orprnisms Poor uater 

chrm~cals uallt . Pollution 

~wIRMCC monp bixterlal d ~ x a m .  Rcslduer 



The i n f h a a a d p d b m r w 9 a b o d y 6 e p a Q ~ k i r g u ! o f p o l l u u n u  
md rhc capacity of rhc body ofw* lo dibe md a s h i h  polhauut Thur. *rpr. 
~ l y l a b c d b o d i n o f r r a t h n r o l k a n t s d b y w i n d ~ h n a l g u t n  
u p c ~ ~ d i l l d c d u r h a l h * p d l l r t i m ~ ~ h n p a r m w ~ n ~ \ P l i t y  
mdrquticlifcIhndonnrlkr.*uamodw*akdia. Wbcr r thse i s rqd  
e x f h m p c o f w t u b n r v s m ~ m d m C o p e n r c r . ~ t i d . l w t i o n m d  
c u m t s  the pacnt*l fa wakr pollution is m l y  diiinishcd. Thus, even if we 
know cke polhnion I d  Iran shrimp hmii in c a d  unter, it wouM uarally be 
impouibk to enhate rhc c f k ~  this polltaion kd will have on d w.ur 
qualiIy bsum the mimihive  capacity of Ihe coual wrtcr is seldom h u m .  
Punhemore. ma if the .uimiktivc u p c i t y  of the mnhl wmm is known. m 
would need to k w w  fhO qumtitb of d l  naud iupua ad all ahcr inpuu of 
polluUmr (tan h m  rtivith m dacaminc if tbc effluom tram shrimp h i n p  
wmM u wtm q d i t y  impdmem. 

10.3 Trea(mac of pond efflmamc 
Trcrmmt of shrimp pond e k t  offen wnsidenbk potential f n  reducing 

i m p r u  on the water quality m the urcanrl mvhwunmt. Low c w  but efiective 
marhodrfufhO~tofs8nuoatucneededtohelp intbcroplcf fontomake 
rWmpw)nan~ I Is lhWdInduay .OnmJcrpob*mhchs&~but~vo lumo 
rum of dfhnul in canpPiroa wlth mdiQrvl farnu of wulsMn. Dwpitc chis 
complication cort efk t ive  technology is now rvailrbk in acwnl tmnpntc countries 
to reduce I d s  of biochemical oxygen danrnd swpmded solids, nitrogen and 
phosphorus Efllumt trcafmcnl systems can be divided into physical and biological. 
Chcmiul mahods w p e m i l y  ineffective. Combinations of physical md biolog~cal 
methods uc dvouted for the removal of various suqmded md dissolved maner 
fmm the waatcwatcr. 

NulrknI md a p n i c  mmor -tmhu In offluoat uc h i m  during ahrimp 
~ i n g  md CIUIIIW or ~oad* when qtulity w k v~ poor 
due m dlrcurhncc d mlauc of mmrial previously bound to the sediment. Effluent 
urpu could k m a  m many c i r w m a ~ e e ~  by cmcentdng  mmagancnt efforfs on 
m t i n g  harvesl wala and stdiman A signifhit proption of nlmiems nnd organlc 
material is tied up in bonm dimartr. and ~ w g u e n t l )  some wunuics have placed 
mhtriclions on indixriminuc discharge of shrimp fum d i m e n u .  

It is also bounninp cIcu8r tbc conbolling cfflusnt I& to c o u ~ l  mvimnmmu 
toquirts 81 'holistic' typ y g o u h .  This h i d  bc brsd on undmtmding ofthe local 
fuming systnns, pcopaly defmin~ problems (if my). md kve+an of locally 
rppmpriate solutions dependin8 on individual fanning systems or location specific 
environmenul m c m s .  

104.1 PLyllal m&oda 
Physiul mmbwnt ~y~ lau  mmrvc solids Tbc tam physical weanent procer&s 

mo*lywodudkddewlopdhrlbrhnpcu~Dtnusmaraa*moncpadrand 
muting lib both d- to BOD, uupdd didr KKI nlmian M s .  
They do ro with vuyiw d m  of cffkiaKy. 0 t h  poalbilities for d u c i n g  TSS 
and BOD kvcis uc kaarsd aDJdap naa (whiich Muld .la lower d i r s x  
potentials md cut mrinmunce coatr) md i d  untion ntts. 



SeIUa-1- 
!WhmtUial of  tk WSes u t& mon con~f%cdve mahod of wcuiw cham. 

The c m  of selibfmatirn p m h  d q a d s  on the design. Ihc s w k c  uu 
avdlabk fa scaling d tk rrdcntion time of che ctllunrt. It w found h t  r mod 
In ex- of 3 &YS nmoyr) 80 m 0 M  ovn 60% oflhe suyrnded solids According 
to amtb mdy, upto 90% of wpmdcd sol& Mth of BOD and !-We of twl 

phorphorus loads can k rcmoved by senlanent mcltment 

I t  hu becn repcad tht one hectare of  mi^ pond IS q u m d  to tundlc 900 
m' o f  shrimp pond dllusnt pr b y .  Bul they aeod to k well maintained olheruir 
they would not k u CfPicicnt and even r t  u the lourn of dissolved nutrients Ur 
of coagulants w w M  further improve effluent wning tlouever. studies hare rhown 
that smkmcnt ponds during operations uill be ineffective due to the presence ol 
phfloplmkton, baaerir and algae. The) would be ofgrea~er u x  durine und fcl l l~~u~ng 
the harvea of shrimps when solid loads are s greater and plutrulntes more denx 
Smlemcnt ponds at this time will prevent the relure ofmou pollutants and be easier 
to opnm thn during m a 1  operation. 

Wmtloll ylcelnr 
Usually mechanical screens made of mesh or w d  nrr pnersll) expensl\*c but 

arc self contained uniu requiring less land per unit of cmucnt nos lhan ,dtlement 
ponds. F i lmion appars to be the kst munent process to remove suspended solids 
with less h n  10 mgll possible under vurious conditions However studies have round 
thev systems imff i ient at reducing pcvticulatn and BOD. 

Conmuccld wsrlurdr could also curb wulsmtm dlrchugos. I f  pmprrly 
mon imd  wlm& may elimimce won* treatment. 

103.2 B idof iu l  treatment 
Biological trcabnents have variously been tried in shrlmp culture. The) use 

planu mcilor animals to d u c e  nutrient loading mnd puliculalc mncr from 
intensive shrimp culture. Thut m n u m u  optloxu for biofllrmion, Including we of 
mollwu, f inf i l  ponds. and recent mdim have been done on L e  use of 
halophyte for mahnent of saline quacultvrc cffluenc. such u Sum& and Sallcornu. 
whrch arc succulent marsh species, which can be uwd as fodder for some livestock 
The efnwnt discharged during normal shrimp farm operation is rich in nutrienrs and 
minoorganisms ue potentially suitable for culturing finfish. molluscs and ~ a w c c d  

The dissolved nutrients could be rcmoved b) culturing scauecdr, u h ~ c t ~  can 
a b h  thcm and the light suspended rol~ds wh~ch have not wttled can be remo\ed b! 
culturin# molluscs which ue filter faden. Sea cucumber can be used for the remov~l 
of ronlad puticuluc mws. The s a w e d  Gmclhria is an attnctive species to grow 
in polyculmrc with mutals in a biological warnrent synm, -use i t  can remove 
~ l u b k  nuvienu fN and P). The disadvantage include unsilivlty of some rpecles to 
salini*. flucnmtions, light limitation in turbid u,atcrs and smothering of weed% h) 
solid W e r  m d  microbial growlh in he  highl) turbid shrimp pond emuent One 

o f  Gmcilaria is that it can be procsswd for cxtractlon of 6gu rs an 
d d i t i o d  all source of  lmome. 



r u a b s r . h a n a i w b i d o g i u l m a b o d b t o ~ t r ~ ~ o w * r i m p p o n d  
~ u o m , d h a b y ~ o l a n u a 0 p n b u 1 6 P m n c b u o ~ r h r h n p p m d r u  
b y r r p * c i r y c ~ u n p v s r f u t & d s l i b m k p r p o + o f ~ m ~ m e n ~ B u l m  
is q u i d ,  mn to o v e r i d  the lyrtmr. 

10.4 Water qnllty modtorlag ~ q ~ l  
Monitorha pognm, to - shrimp hrm sftlumts ue aodal. Thcr 

~ p o q . r m , o m ~ i a L i f k n ~ ~ ( B M R ) i n a b l W  
on rhrimp &N rcurl ly  i m p w c  ciRvna quality and rsducc pollution I d .  Wuer 
quality monkorins programs povide infaMtion on of warn quality 
variables in e f f l m t  and u ~~ IocUionr in water bodies receiving e f f lmtJ .  A 
p a t  number of water quality variables could k m+asursd but for pnniclli. only 
the important varimbka should be mmwcd. The varlnbka of most importance in 
shrimp fuming offluam uc those rnm likely to uur &miontion of water quality 
d l t i o r u  

Locatlom, fmqnmcy mmd Umr of urn- 
The cekftion of m p l i n g  m i o m  for watu quality monitoring programs will 

v u )  with loution ~d plrpwc of the monitoring effort. G c d l y  the sampling 
stations should k u the water intake (pump m i o n )  md at the effluent oudall. Once 
the sampling mtiotu have been xhed, they should bc parmncnlly marlted in the 
field md on a map w cb.1 n m p b s  M always be tlLDn from the umc places. 
Sunpllng should be dona a w d l y  Inoornlc a more f m q u d y .  All samples should 
k taken on thc m e  day if porrlbk, bul it d l y  will q u i r e  sevenl hours lo 
colkcl than. Hence it is r c c ~ ~ n m d  to begin m p l i n g  w l y  in the morning and 
wmpletc the p d u r c  as quickly as possible. 

10.5 Elllrrnt Reguhtlon 
Modes of regulating effluents include disallowing discharge, allowing dirharge 

only If ef?lml quallty Is within specifkd Nndudr (warn volume mwictions also 
MY apply), allowins d k h u g c  only if bsa m.nrssman prcticts (BMPt) art 
hplanontcd. Cnrsnmt ion  l imb for pollutants often ue embliahcd for effluents in 
countries that have symmr f a  regulating effluents thmgh dipchup permits. T h e s  
limiu must k earblirhed with d d m c i o n  of the composition of the effluents, thc 
discharp prttcm ofthe eftlwntr, other u r s  of the receiving water and especially thc 
mon beneficial usc of the receiving water. the uplci ty of the w i v i n g  wucr m 
usirnilacc pollutants, the ability to m a t  effluents. md a variety of o h  fsc(ors. lk 
pnn lu ib le  coacrnmtiona of pacntLl polluUnu in effluam dDpnd both on cfflumt 
volume (polluunt I d )  ud rccuiving wa ta  dwm*tics md lccepabk 
~ t m i o m  in effluents ue gmfu than concmtntiom cons ided  sccepcabk 
within thc receiving water body as a whole. The wncenbaions of thesc variables alsu 
uc pmnincd be somewha! gfcuer in the mixing wnc than in the watu body as a 
whole. However. effluent limits should prcvmt toxicity and d v m c  cnvimnmcnul 
impacts even within the mixing m e .  Thus, we mum nulrc pnad ouppdona on 
concsnmtim limits for shrimp pond afauonn. It mu# be anph*trd hat these 
p i & l b # r r p p l y t o t b c w u a b o d k r n c o i v i r y d h r a o . n d m n m t h e ~ n  
Ih.mrlvac. 



10.6 Erneat  rtud.rb 
One n y  to d w e  the risk of w- pollurian fm shrimp culrm prnds is lo 

w l y  tfthrac randudr. The simpkt sundads hve  critcnn reprdmg (hc 

pmnit*bk of rkaed mta qurlib vuiabks In emucnt. A sandad 
mi* specie thc .cceplble nnpr of pH. minimum dirsolva) w)pcn conconuulw 

muimum cmcu~mtiars of BOD. TSS and othcr vuiabln 

Spndvdr m y  du, i n d w  the murlmum &it) quanlrt) of ii pollulnnt that u n  
be dirhPpod, for e ~ l p l c  rhc BOD lord in rhe effluent unna e x c d  r specifid 
 arm. Standuds dm m y  re& rhe incrwu in r vuieblc rbovc the m b h t  
-& in LIK rscslvlng mwr. For ample. TSS confcnmnon cmm be m w  
dun X m@ higher dun in the receiving wun. Limits also mag be put on the 1-1 
volume of didurge pr b y .  @ulicaciw criteria mgardrng sensible propnier of 
effluents uc -ionally included in standards. 

Thc followrng standards CTabk 2) have ken  prexrtbcd for the waste M ~ I C ~  

fm shnmp culture ponds rn the Gurdel~nes lsrued b) Mlnrstn of Agncul~urc, shrch 
hs been tixed at much lower kvels than the General Standards for d~schrrye ol 
mvlravnmul pollutmk pmscribtd under Environmenul (Rotectlon) Act \rdc 
Gumc Nouflcbtion &rod 19' h b y  1993 

In India according to the guidelines issued h) the Mrninr) of Aplculturr. ( i 0 1 .  
f a n s  above 40 ha should have wastewater watmcnt systems rncorporatcd In thc 
design More than 80X of the shrimp farms in India arc less than ! ha ma and lllc 
nutrient lord from each of thcx fums nu) not be ver? high. Bul ovorcrowd~ny uf 
such mal l  funu in a glvon c w u l  uca or c m k  mry l u d  to cumulative nulrlent 
losding. In such csres common wutcwucr treatment fscilir) should be developed b) 
the Government or by the local farmers' asuciat~ons Co-opcrat~on nmony Ihc 
f m  fmm a given local area will mitigate this ypc of problems 

Tabk 2. Standards for shrimp farm wrstewaler - . - 
Panmeters I Final Wlsrbargc Pulnt 

L 

Cuaatal Marine CrecUnlu#r in  
1 Wrtrrr , 

H 1 6 0-8 5 ' 6 0-8 S - 
{rrspmded Solrds mgll ' 100 100 

+ - 
Drssolvcd Oxygen mg4 ' Not less t G  3 0 Nor lssr than 3 0 

I --- -- 
B~ochemlul 1 50 20 
Oxypn Demand (BOD) m u  --. - - 
Chemrd Oxygen Demand (COD) 100 75 



11. PtSnCfDCO AND BMW M L T U  IN AQUATIC ENVIRONMENT 

The incruaing impbmm of d water qualii muking horn the dischuge 
of domestic. ngricuiiunl .nd induari.l wllnr in coma1 wrtm hu d k l e d  che 
qwfuituml protiublllly in w d n  per. lb .pultic oovimrman Is uftinvlc sink 
for dl cbanbrlr ud mUutm&. Aay mmmmd thsl baa bsm uad in LMC nunmities 
u~mae iy  tobw .quak: c&s&, r f lhou~h oftca the aquatic L;imnmcG 
b nM the pimPy silt of . p p l i o n  of pdc ids r  T w  wwsa of muminuion of 
theq~icccayacmucrcfogaird:~mdnonpimawomFormarrktsmr 
single mrcc of un~inatkm such u cfflvonu han pakidc ~ ~ f i c t u n n g  or 
fonnuhtion p h u  and accida~ul spi- ud lprcr refar to a cmtmnination of 
wide@ ud diffuw ruclae uch an run offfmm q i c u W  Lndr and wbn uear 
ud mvqc EIC. Ponicida lhd u mnrpMod to tbe .quatic onvlmnmmt ue 
plrmrlly o f @ c u W  origin. 

Chemkrlr uscd as pesticides m y  be categorircd under four major c k s :  

I. 0rg.nochlorine paicidcl(0CPS): There uc polychlainacod organlc 
canpounds mainly with dichloro diphmyl michlm sclnaa(DDT) or d m e  
@oup 08. DM. BHC, Enrknulpha. AWdkIdrin, tadrin. hcptrhlor, 
~uphmp,  chl& md m&oxychlor. 

ii. O r m a u s  pesticides : There uc phosphorous containing organic 
compounds. cg. hhLhiot& mefhyl parhion, chlorpyrifor and dimcthoatc 

iii. Carbnmter : Nitrogen containing organic mpoundc used rr iweetic~des are 
derivative of cnbunic r i ds  eg. CIlbofUM and cnbyl. 

Iv. Symhtic  pynthml& : cypamethrin. h v l b n r s  md ponnethrin. 

11.1 Penlrteltce mod ~ c c ~ m m b t l o s  of patkkta 
Mlny co~tr ier  have banned the Organochlorine pcnicideJ(0CPs) such as 

HCH. DDT, aldrin and dieldrin crc. Evm though, the usc of pesticides in developing 
wunaies is low, residues pobkms have become quite h i n g  which due to thc 
wminuw, and unccnmllad we of highly persistem pnicidea in @cubre and 
public health progrunmn. Thc raidun hat mch the hydmphm uc c m m t c d  
in certain puu of rhe quaic cwsyscm ud pen& for long time. 

Due to lipophilic (bio-rcumulative) nahm of many of thcsr pesticides the) 
tend to ~cumulau in hny t i m e s  of q w t k  animals and can uroc many rlammtiw 
in quatic ~ i n u l s  'om ch.np of eolour ud h t i o n  of bchvioctr to sevm 
histopakologiul injmks to wiour ad tisws. Apm from the kQ1 effects 
ofpccic~de~thcrub~.Rrtlb.wbscnrorpmriMoformdLofteR.cosuchu 
dilrurbuPc of popuhtla, dynamic* chm#&l fwd hbh and m p a d d n  bauviow. 
The nte of bi~l~~umularion In lpurtk envlmmnents psnarlly rpprn to be hi* 
ltun that in tcnrrui.1 environments which might be due IO the lipophilic nature of the 
pcrsincnt insecticides. 



113 Tsk)ry rd p W b k  nk Ul l t  o r e  
ksticidcs and thcir residua ut usually va). toxic to the q w t i c  mrmalr 

OrgmochhitWOCPt) ue mwc toxic dun otOuMphosphorour compounds(0PC's). 
. b o n g  OCPs. mQin ud c y t 1 0 d i i  P D T )  ut hiphly IOXK and p r e ~ t  a grutcr 
p6cnti.l hrntd in cht mvimanmt  d w  lo lhcu p a k r  penistrna and Iffinit). fa 
fury tirrua md HCH(BHC) is laa toxic. En6oru lpb~  hr bocn found a be 
mmmely toxic to thc fbhoa in qwiv system and 11 b DOI conudorcld m k va). 
roukiun~-OPCs hve  ouglltible ckrmlc t~xklty but m a  of them have modcraw 
m hi* rub toxicity. W r o l d s  are mn FCIYISWII~ In the cnvinnrnrnt bul their .cue 
toxiciry is hi* to M s .  

Permissible safk limit is a concentmion of the toxicant rhrl may be wnsiJered 
hmku or safe and docs not produce any advmc sub lethal ctlects In the context of 
supposed raft level. one tenth of the LCw valw is ued LCw IS r conccntmron of 
a toxicant thi would kill 50% of the animals in 24 IO % h o w  The LCw'r of wmc 
prtWdm to R.hs* &Imp, ud cnbr md ufe level9 rscommondd by U.S. 
En-l protcctim q m c f l P A )  to aquatic organisms vr prracllud in 
Tabk- I .  

Tabk 1. Toxklty(% h LC= = h e  in ppb) 01 lome pcrllcldn to e wldc range 01 
qu& amlmab 

PESTICIDE Emuine  fish Freshwater fuh Shrimp Safe levels 
recommended 
bj I:.S.EPA 

0.24-0.9 6.043 0.6.: 1 0.001 
BHC 30-104 240-1400 ' I0 4 0 
ENDOSULFAN 0.3-2.9 0.2-8.1 .--. ---- 
ENDRM 0.4-0.63 0.7-2.1 1.7 0.004 
HEPTACHLOR 1 4  7-230 0.001 

Qerl 
Ethyl parathion - c 1000-3300 .--. 
Acephas -- 100-1000 ...- .--. 
Malathion -- 1200-9000 82 ----. 
Efhion - 500-7600 -- -- 
Chlorpyrif~ - 2.4-280 .- .-. 
PhonU .-- 6-280 ..-- .-- 



Thc ubc h l  racamrandsd by U.S.WA ir woll bcbr the kwcd 
U m c n w P a o f t ~ i r r p a c e d t o ~ r q u t i c a p n b a u m L b m t o r y m x i c i t y  
mu. Tamil Ndu p o l b  oaDd krrd lm &xed up lurdrds u 0*naa limits 
f a  pnisidn p a ~ n  in Ute induaLl dlluaxa divhPped into muinc uut.l u a s .  
According lo MI M i a P  prtiEidm should k ab$un in indusoLl 
efnumu. 

113 Lkwatarlntba o r p d * Y r  rrrtb.alroaqnt*ewhmmemc 
Thc rnonitainp of prtici ndducr ia .qumic mvirmmsa is hdiqmdk 

due to their known lethal akQI unknown h g  tcnn dim caraqucnxr md 
biorcumulaive loxic WE. To *ace the effect of @ids on .q& crgmiuns 
il would k i d a l  if the entry of pesticide8 into Ute 4wtic mvimnment Eould be 
prcvarled. However, this is na pcrribk. 

Aquslic toxicity ta t ing is r means of idcnljfying the risk to thc non targa 
organisms, arising from the continued use of pesticides and other chemicals wh~ch IS 

an i m p w i b k  task. if every speck has to be ptcclcd fmm h e  effect of every 
pesticide I t  is in this dimtion, huud evaluation and prodi ive toxicology pla) a 
uvful and imporunt role. Hurrd evaluation dqxnds on identifying the sources and 
sinks of l b w  chan iu l s  in the qur t i c  c n v ~ t  Tbw ll is now possible to 
idmtlfy p n i c i d a  md other chemluls that un be porcntidly huardous to the 
squatlc life, without resorting to extensive experimental m i d i s .  At difirent levels, 
the risks involved and pnenthlly huud of a chan iu l  ineluding that of all new 
pesticides. is evaluated. And if the risks arc low or negligible, further tcstlng is 
disconrind utd chrmiul  may k mukc(od. On the othcr bud. if a potmtially risk is 
indicated, huther cxlmdvc tmts of a campliuled nuwe arc Eonducted and the 
advisabilily of pmnining or pmmt lng  the manufacture and marketing of such a 
psticidc can k nude. F a  inmncr if a posicidc is readily degradable. has low 
toxicity or is produced in only small quantities, W e r  &ng would bc warteful. If 
on the other hand, compound is to be widely usad or a potential for biosccumulatlon 
is ind~utcd,  furctm extensive testing is required and perhaps a decision to disallow its 
mvironmcntal uw has to !x taken. 

Key factors for praeeting ponds fmm paicides arc rr follows : loutc  pnwn 
f u m  a urnsidsnbk d i a u m  fran &I& dc ocuodlds ; conmun tcpoenphic 
bvrkn(ditch.l or mnchn) to pwnn nm off tfan ncldr to poadr : w pmpn 
mahod8 of psltlclde appliutlon to fleldr ; tbs psrciclda sboxn lhould be such ctur 
when u d  they should Iuw the l u n  unount of midues ; B e  residues should be 
photodegradable and also preferably biodtgradabk. 

Micmbial dcgladation b s  been found to be wr) effective mehod to 
h n u m i n r t c  thc toxic c h a m W ~  lrom i nduda l  wrr(o. Mufh rat b u  bocn 
mpomd on the bi- of chlairucsd p r t i c l d r  cp. HCH. ndo*llphn and 
DDT. A n u m b  of b e n d  species, vtinomycnn and fungal ap. rrc known to 
dcgndc Ihc pesticides to various extart, As lquatif m W  I d  the ability to 
m ~ b o l i r  persistent orguwhiaina, this medKd urn p w  the way in elimination of 
the pesticide rrriducl from qricul lunl  fklds and pwds by d e p h n g  
than into simpler non toxic mdccuks. Thc aaunl &@aim prodicotr of 
pesticide% in general. ue less toxic thn the pucnt campounds but o c e u i a ~ l l y  





uunoWcbeDorirAhnatdlmsrc~yIaad&~citrulisprratiamech~ 
fma. The mja i n c h  ocamsd h Msrm*l ad i Ing. dl involving methyl 
r m r c u r y , p u t h ~ d w h P r d r b l u d a i v s d 6 u n ~ f m d r i c b i n t h i r  
c h r m i a l f o r m d t & d . ~ n m b r ~ n o m r r c a t u l e l e m a n . w h i c h  
pourua hi* coxicity a d  is c d y  rcumubad fran chc mvkaavm by quatic 
o t p i n r .  On the ahn hnd, m y  of these e*mentr mmh m t k ]  for proper 
m l l m  of Mom r bva oonaamtfon. Cbromirtm b aatt*l ibr plant and 
anhnrl msabollan (ghww mQlbollar ~ I a o  rid md ark uid syntbni), 
howcver, it un k *(W fbr mimrlt U e h t c d  conantntioa. Thac w nvo 
p#bminun fomu of chromium - triv.lrm md heuvrkm w h i i  .rc found in 
indwrirl wulnncar. Hexrvaknl fm u more hurrdow to biological activity. 

Soincrimes wmg umcliliiau m y  k dnwn 6mn sediment wlya ir  duc to 
ltmng fluctuation8 in havy W coatcni which b r rerult of flood water bninage, 
varying dimentation nla ud non homogenous diraibraion of havy marls in 
d imem.  

11.5 Coodmim 
The misuse w overurc of prticider md improper application lcchniqws may 

contribute to rhe pnicides gating into the l lqwic mvironmenl. The major thnuit 
thus Ikr in deacuing the pesticide l o 4  by subnihltiw with readily degdable or 
soft pdlc lder  such u dw ofpnopholphma a. E m  unoq the n e w  compounds, 
the time hu come to review and identify compounds r h t  &re mimiveiy environment 
himdly (REF) and flt into m Inupntcd Pea b rgemen t  (IPM) sppmach. As the 
quatic sector is im-I as it provides substantial food by way of fishing and 
qurulturc, it is very essential to monitor heavy metal at as many tmphic levels ar 
possible in aquatic cco-system. in order to determine ovmll  heavy metal pollut~on. 



Duriqlthepntwodouderquoulaucbubemmechc&mtg~~~rood- 
pmdufing sce&x 4 u 0 k c a s h g l y  impaunt  contributor to n u r d  onmwnic 
&vafopncllt. glob! fad supply. food rewity and nutrition. Tmdiuonll shnmp 
cumtrc is in v o w  in Mi since long. With the d v r n t  of sientrfic melhods 
mi-intensive and intensive shrimp farming have come Into pnctrcc. During the 
& n imt ia ,  shrimp O ~ U ~ C U ~ W  developed rapidly in thr em corn s t am of Andhn 
pmdcsh. C k k  and Tamil N h .  E x p n d i  ucl under siuimp culture w p l e d  n ~ t h  
incrouod prcd~tiat hu compocmded che problanr threatening rhe ~ l u i n r b i l i t y  of 
rhrimp cultwe industry. Lrk of mguhtion pwmins emblishment of rMmp fumr. 
lodinrmcplre,tolmproparitins.owmrowdlnp,chnpsLnlurdurcpnam ud 
~ n v a i o n  of Mhar Wimtr. While poorly planned and managed shrimp quaculture 
opruiorr~~ havc nwlted in negative impacts on msysrems nnd communit~es, 
~ U S Z U I N I C  has also 10 nemgatively impacted by other unplanned acti\,lues As o 
result of this shrimp farmers urpaienced d i lu re  outbreaks in shrimp ponds Thrs ha5 
w-iUtcd IO cvolvc sound muupcment measures for maintaining hulrh) pvnd 
envimnmcat in the fum. 

The issues related to aquaculture and cnvtronment helongs tu tn,o bmad 
categories - impact of aquaculture on cnvtronmcnt and Impuct of en\ lronmcnt un 
aquaculturn. Aquaculture has both positive and negative impsctr, whlch havc 
received m m  inention than impc t  of environment on aquaculture. The runyc nnd 
*verity of the advwse effects of aquaculture have been cxaggcmted, poss~hly due tu 
high visibility of the sator, failure to distinguish between actual and hyporhetical 
h.llrds and iMdequntc coverage of its beneficial imp~sts  

In India shrimp aquacultwe and its unregulated growth during the earl) 
nineties also rcsultcd in the matter being taken to the Supreme Cuun as a publ~c 
Interesl litiguion. The wmplaints included d ~ l i n e  In quallt? of agncultuml lands. 
wlinisation of ground water resources, desauction of mangroves, decline in catches 
of shrimp and fish, nutrient loading in coastal waters, change In hiodiverrit!. 
prcvmtlon of -st  to caut.l uou for tnditiond users, flooding of villaper, 
deteriotation of h u m  hulth, displacement of b u r ,  etc . Following the dlrectlonr 
of the Honoumble Supmne Couri. Govcmment of India rrsued Gwfte noliftcallon 
(No. 76 dL 6.2.1997) regarding the constitution of the Aquaculture Authority of lnd~a 

Subsequently. THE AQUACULTURE AUTHORITY BILL. I997 (Hill No XVII- 
C of 1997) was presented in the Parliament and it was passed h) the Ha~ya Sahha on 
20' March. 1997. 

12.1 !haIUblr Aq.aCll1mm 
'Ihe full s o c i w o ~ ~ m i c  benefits of coanal aquaculture development can onl? 

be achieved by adopting the principles of sunainabic development. ~ h ~ c h  IS defined 
by F A 0  w 'Swtahuble Development is the mmqement and cowmatlon of the 
na?u~l resowcc bax and the orientation of technological and institutional c h g e  In 
such a mpllDcr to - the d ~ n e n t  and continued sati$faclion of human n d r  
fw present and generations. Such developnent conserve Imd. watcr, plant and 



MayofUnproM*N.dsak\lbabsevbarmacdrWmpcullurrcouldbe 
a v o ( d . d b y b r c s a ~ l m n a o r c . d o v d l c a d r l n a r ~ i w m * i m p w o d  
sitewloaionmdkasrdYimpfummuvOemQcAlfumkvelproprcttcmion 
Decdk~vmtos i tc rkc t ion ,dadpi~dopcnt ionof fPmr~~thehnning  
efficiency is incroucd md MItc d b h q p  is mducd. And M the coaaal arcs 
m w p m s m L r v c l a r h . b l e ~ o f h ~ i n t h c c a d r l n m e i r ~ , b c & n e i n  
n r h  a wry tha Lu impx m aha rtivitla u MII u tbc h n p x  of pollution fmm 
otha w u m  on fuming u e  awidcd u f u  u pouibk. I)ue fonddcntion mun be 
pivm to the potential ri*s i n h l  m the rite (wi l  and water qualify). the pountial 
impactr on the exlernal environmm! (emuem dirdug effeclr) md p ~ a i  impacts 
from the cxtcmrl environment (pollution f m  agriculture or industrial sourus). Each 
of l h e ~  facton should be incorpontd into risk analysis 

12.2 Envlroaasmhl standards 
Unplrnned and untonrmlkd developments ue the main msons for 

envimnmonul probkm in sMmp cutnuc. To utisfaclmily mmap the s a k  of 
anrichol.m md oluun ttui molo#iul c h n g  &.ma m -d prrdoromrlned and 
accepted levels. a mmqwrnent fnmcwo& should be do@ prior to development 
Such a framework should include the establishment of environmental qualit! 
objectives ( E r n )  and environmental quality standards (EQSs) and mun include 
scope for environmental impact arscssnenl @LA) and a monitoring programme. 

EQOI mad EQZ* 
EQOl define the sonditlons lo pmtm r puticuhr we. EQSs ue lewls of particular 
vuiablc uuwia td  with that use which may be imposed to ensure that h e  objectives 
arc not compromixd. Some of EQSs to be followed ue 

Shrimp f m m  mu$ register with the loul distrin ofice of h e  Depamnent of 
Fisheries. 

Shrimp rums over 8 ha mun b v e  a waste water arbnant (scdimenuuon) pond 
equal to 10% of fm uor. 

Saltwater must not be discharged into public firrhmcsr rrrourcu a .griculavll 
m. 

Sludge .od pond boctm salimDt mua be anfinad a d  not psnpcd into public 
u o r w d s .  

BOD of  d i s h r p  water m a  k less t h n  I 0  m. 



12.3 cmdmarahl lmpcl-1 (W) 
EmbaMQclt hapa wseman (Ek) be m impman! legal tool . n ~  ~u 

timely .pplmtion of EL4 (Covering ooclal, economic and ecologiul ~uucs) 10 l w r  
suk urru] q w u l m  pr0jccts be one 10 pmpnl) !dent\$ envmnmntd 
pobletns at an early of P ~ J = %  d l i n g  popcr envinxunenul management 
masum (which will ultimately mJrc t k  project more susminabk) to be 
incorpontsd into project design and irnpkmenmtion. FA0 rnognlx the Impomcc 
of EL4 md nnphriad tba "on- d aciwfcmomic impr! nudks lhould 
b e d ~ ~ o f h f i ~ d ~ ~ ~ n O v d f ~ ~ ~ ~ 1 ~  
n a n d  mrrtne solo&& s p m s  .nd the CUI~UIU of the I d  f l l i ng  poplu utilislng 
h". Sri Lank& Indonesia and hhlrysir a i d y  have some EIA regulrt~ons 
covering developmat of  large w l e  shrimp culture. but more wldesprcad nnd 
effective use o f  EIA may be worthu*ile. ElAs have frcqucntl! conslnted of 
collections of  largely k r i p i v e  &la with a little priori cons~dcro!ion ofthe spcc~fird 
chanpu to be expected from the proposed development. D.u and model pndictlons 
fmm Ibe EIA ut nwhd to design efficient monitoring programmer A major 
problan with EIAs Is thU they uc difficult (and pmerally impractical) to appl! IO 

- l k r -a le  &imp farm developments and cannot lakc account of the potcntml 
cumulative ef fals of  many small scale farms. 

UH of models In EIA 
The use of EIA in the managemcnL of coastnl aquaculture dcvelopmcnt rcqulrcr 

the application of ecological knowledge. Modcls can be M imporrant I ~ I  

management both for predicting impacts and as an aid in thc des~gn of mon~turiny 
programs. For eumple, with respect to warm from shrimp culture opcrulonr, lhcn 
are three prooeucs to model, the quandgv of material generated, dispersion aRer 
release o f  discharge and biological consequences. Models ma} be empir~cal or 
mcchaninic. The formcr is b a d  on a statistical relationship berueen bar~ablcr 
derived by observation. and docs not necessarily require nn) undcrsland~ny of 
underlying principles. Mechanistic models describe the rclatlonship bctuccn caux 
and e t k t  with tk excopdon ch.1 dl vuibblos b v c  slpifluncc wlthin tho natural 
system. Complox ocoryncm models ue rypiully mecblstic and have gonemlly 
been developed in relationship to luge ru l e  or multiple developmenu 

A sequentiil approach should therefore be adapted That 1s. tc use sltnplc 
models as a h stage and i f  the results ofthc investigation ~ndicatc that such midcl\ 
1s inadequate. the second stage would be to evaluate the conceptual framework, nnd 11 
necessary, increase the mmpkxiry of the model. Simple models ma) thercforr 
provide an efficient means of screening for potential ccologiul Impacu from shrlmp 
culau. and olhcr dcvclopnoats In couul envimnmenu. Dru rre r equ id  to hlti.lir 
thc model and validate predictions. 

12.4 E.v(rsmmcnt.l management phns 
I .  Formulation of cmnal squacultun managemat plan 
2. Rspuuion of master plans for all suiublc sites 
3. S u S m i M b k ~ u m u r p l a n s  
4. l m p m v a w ~ t  of  muugmmt  opcruionr 
5. - 



E . r l - t - u W 5 - v  
Saacofl&impmatc~vamnarmmaqrmcocrntcpkrmbefolloazd.rr 

given below. 

Aquwlavc rbould be coaridacd rr r regukd rtiviry within tk CRZ since it 
rcquirrs pod quality dm vlta in a r f f i c i t  qumtitia. Shrimp rqwculturr 
ouuidc CRZ will require byiq of pipelina whish v i m  high invesunmt and 
will pmml thc mal l  f.rmcn &om taking up shrimp quacdhuc. SuSainabk 
r h r i m p h i n g u n b e d r v s k p b d  v h s n k l s a u u r s d r ) u r k w i l l ~ ( d w n c l y  
l m p a  chc mvifomnd and It HI ~ c r  d L p b  dst@ .aivttla whlcb pmvidc 
naploymem a pmdw bod (rlcr, rh e,) to d camnuni&r. Howcvu, 
r h s r u n k r h k v c d i f h ~ a u p c o ~ r r t a l r m ~ d d e n r ) o n -  (i) 
location md riling of the fam, (ii) wbmmth of fums in a given .M m d  (iii) 
thc kvcl of noeking dauiry 

F- should k dvi.cd to fam Loul umxltionr a f a m a  proup for 
rerolvtns conflicts in WW u a p  and otha m W  ut lvt t ic* SMmp fanning 
through so-oponclvcr should be mu~orgcd to improve thcir sociozconomic 
conditions. 
The integration o f  btackishwstcr nquruluur with coastal zone planning and 
management will be m imponant aep f a  making it sustainable. Integrated 
coma1 zone management plans should be prrparrd for u c h  coastal m t d  union 
tmitory with zoning for different rtivities and with buffer zones for prrventlng 
slllniution of mi l  and lrrrbwrtcr aquifm. 
Continuous monhing of the mviruunent in mu of  i n m r  fuming aniviry 
rhould ba taken up to idmtify the imps levels kfm my damage occurs to the 
envlronmmt. R & D suppon is required in developing models for ssmsing the 
' c y i n g  capacity' of various crrdts and m l s .  Technical and Extension supporc 
should be made available to the fanners. W w a t e r  bcmnent should be made 
compulsory m d  common effluent bcarment plants should be set up for treating 
the cfflutnu of ma l l  farms. 
A syuumodc m d y  nhould k curid out rcpudinp the Iand-ur p s ~ m  within the 
CRZ m d  r proper lmd loam policy should k doped which will m i n i m i ~  the 
conflict between the different wm and makc the M k u  labourn b m e  an 
rqwhnner. 
Since most of thc impam arc sire-specific, it is esmlial mat EIA and 
envinmment monitoring am nudc Mnd.tory for larger f m .  F m  siting and 
dmgn rppmvd should be mand.tory. Bu&r rone depending on the quality of tlx 
m i ,  rhoukl k pruvidal telwcen r shrimp hrm ud (i) .g l iwh l  land, (ii) 
v l l w  aatlamnt and fMvmr aoww ad (Ill) thr mighbourlng fum. 
Best hnn mwpcment p.cCiccr will d u c e  the led o f  n&t loding in the 
environment md l e d  to pood growh and srurivd of shrimps. Guidelines almdy 
i u w d  by the A q ~ u h r e  Authority fa po6uction m d  productivity 
from improved tnditiorvl method of f v m i  should k followed. 

125 Cuc r h d b  om emvimmmatll I m p c t  - labdJop. for Idt rod 
drt.kll( wmhr IJWrtk. 

Wirhthc~tof&kneifkbnniag,msrsvurshihift  fmn tmer- t i lucam 
supm-tidnl uers which kd to conflicts m g d i i  sllinisaiutiar of &joining lands and 



fresh- q u i k n  thw@ m. Vnfatuwdy, thc luuc of u l l n t s a a  k o u w  
of rhrirnp fmms is blorm out of pmpMion without m y  s u b t k r i n g  &u.  stud^, 
wnduud by CIBA hve ahohown thl alinisaticm of roil ud W i n g  warn n w w e  
due m ~scpge fmn dvimp fimu is s i t r - rpc ik  ud is dcpcndcnt on the q41 ln  of 
mc mil. kvel o f  urnpaion of the dj;er level of  usage uf the & h v u c r ' d  
d- brm thc  MU. h p l w r  lhur is no effect on wtl  ur freshunrr 
rawrocr b@mm lo rhrimp fumh whik In orhr pkccr thou& Unm IS ulinlsuion. 
if u rolaicted fa a shul dirun* horn the Imn. Rovision of bu&r zones ktu+ao 
the d i f f an t  land use anrr depmdingon thc roil qualtty. will resolve thts confltct 

A l l  people have a right o f  rcess to drinking water tn qudntit) and qwlar! eqwl 
to their b i c  needs. Thm hnve also b a n  some Iccaltwd conn~cts betueen 
qu ru l nue  md thc v i l w  inhabiting the neighbourinp villago on account of the 
rrlinlsuion of tho perable water supplies. In  countries like Taiwm. the Philipptno 
and Thailand, abmaction of  freshwater fium underground aquifers for use In 
lntmsive shrimp farming was reported to have rcsulted tn sc~lt-water ~ntnrsilm nnJ 
snlinirafion of  freshwater aquifers. 

12.5.1 Methodology 

In order lo asws the salinisation of soil nnd drinking watcr, stud~es ,\en. 
conducted in Nagai, South Arcot and Than~avur Dtstrtcts of Tnmil Nadu and Scllorc 
Dimict of Andhn W s h  To study the u l t  inmrion fmm shr~mp farms, vutour 
rites wound Ihe fum were x la ted at flxed distances awa? from f m  
(0.50.100.250.500 m ctc.) where. the electrical conducti\lt) (EC) of soil is less than 4 
dSh.  Soil samples wen collected depth wise (surfacc. 50 cm and 1W crnl and 
analyxd for the following parameters. Drinking water samples were collcctrd frnni 
existing drinking water wells in h e  study m a  (shrimp farm) and fhm uells ndjncclil 
to fuming uu. Water m p l a  were mly led  for total dissolved solids (TDS) and 
chloride mcenmtion. The data on rhs following upls w u  also collected 

Depth of w a r  column 
L'sc of  water- slagnnnt or not 
Collect details on alternative arrangement fur huppl! of drtnltng water In ~~ l l ay r s  
ifany. 

A schematic repnsnration of  selection of SIICS fbr COIICC~IO~ of 5011 wnple* nnd hrrc 
uclls is shown in Fig.1. 

12.51 Soll u l l n h t l o n  
Sdiniry levels wore high up to 250 m from the shrimp f m r  in the Nap]  

dlstrict while in Thnrjavur and South-Amt dlstrtcb. the sal~ntsaf~on was wen unl) 
up to 100 m. But such salinisation was not solely due to the shrtmp farms hut due to 
the combined effect of both the c r a t  and the farm In Napapaltniun dtstrtst, rw 
agricuttuml activity was seen near the creek irrespective of the prcwncc or nhxncc 
of shrimp f m r ,  indicating that the soil saliniration was not duc to rhrlmp cullurc 
done. In South h t  DistricS the uliniption effsct w u  not felt much u cereals. 
mulberry md v q e u b l a  wore grown the shrimp farms with pood yields 

The soils in UK thw disfricts of Tamil Nadu were hlghl) saline compared to 
of Ncllm disein of Andhra Pradcsh. A survey conducted in 19R4 h! Soil 

hW' and Lud Use Organisation. Government of Tam11 Nadu. has reponcd that a 

C 
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Fb. I.  Sampling pdotr lor hod nod drlokiag mtcr dlihtion rhdy .round 

shrimp farms 

11.53 Drloldm# wakr rllobadm 
In South-Am dimi*, whac the intensity of shrimp Farming is low, a study 

was made on the q d h y  of drinking wrtcr in a village. The village has 26 bore aells 
md nunplas fma 5 born walls w m  chosa Mdomiy ud the potlbility of the watn 
was d y m d  witb TDS .ad Chloride u plrPacPsrs. f h s k h h g  tbc pormissibk 
levels of TDS (SWIM0 ppm) and chbride (200600 pgmX mly one b a w d  
smnabdSOOmavryf?mIbadulmpBnnbdpotabkunp. 



A dmik Sidy urried OUI in oaW.hrd  farms in Nelloct d i m  or 
Anmvl Rdah. The WUU near OW f.m\ is DM suiuble for drinking. In (hc 
rcnuining 3 f m  Ibe mLct is pdlbk. In che m d y  uu it was obrmrd h t  w a n  15 
+ly bwlrish up lo &d@ 01 20-30 m. Fmhwaicr uble IS avr~labk at a kph 
of rban 60 - 200 m. Al such depths, thr wlinisation c u m 1  a c u r  due to & m p  
~ . F u n h a r . t h e ~ f u m r i n N d l m . r e l o s u c d ~ r h c r o l m d ~ h a  
B- d which u 1 din. d m b p  d, connected to thc m during 
m a m m  moothr. The canal is in e x h c e  even k f w  h rhcqwulturc rctivic! 

mi any d in i s t ion  c f f a ~  would have been duc IO Ihe ulnc water f l o ~ ~ n g  In 
-1. The slimisation of gmund water in c w u l  viilagts is known IO wcw n ~ h  

kfmc the initiation of shrimp farming. 



13. CARRYING CAPACITY OF !WURCL WATER FOR AQUACULTURE 
rLmNtNG 

13.1 l r r rodmcth 
Tlu World Cornminion on the EnvimmKnt ad DMlopman M i  

#usmiruble &rslopnsfic u meeting % mab of  cumnt gcamtiau without 
m p a n i l h #  the lbithy o f  ibaas gmm8W-m to meel cheir own d. S u m i ~ b k  
developrnent r q u i m  p-ic mmapment of ~ t u n l  rmurccs thrwgh positive 
and realistic piannig dut brlancca human expamiocu with the aolyacms w i n g  
captcity. Thc conqn of sunahuble dm)oprrnt is  ckncly linked to the curying 
u p c i t y  of ecosystems. Ecosystem curying upllcity (ECC) provides the physical 
l imiu to economic dmlopnmt  ud ray k defined as thc maximum m e  of mourcc 
wnlumption and ww di.dlllp tba u n  be m i n e d  ind.flnltcly in a defined 
pluming region wllhout pmgm~lvcly implring bio-productivity d ecologiul 
inlcMty. A key of amahable dcvelopmoal of q w u h  is to m y  within the 
"curying upx i t y "  of che envirmuncnt. It is difficult to m a q c  one paniculu coastal 
natural resource or Mivi ly in isolation as it has imp.ct on othm or affected hq 
others. Hence different wasla1 activities v i r ,  fishing and aquaculturc, nav~gation. 
unkmcnt, porn rnd hubaun. recreation and tourinn, industries, waste dispoposal. 
cxploiUion of rninmls. oil and ruharl gas ctc. need to k mnagd together to 
numin them. Idml m y  to Nnrfn any mourcs a activity is adoption o f  concept of 
integrated rnuupment. 

The country has witnessed f a r  development o f  shrimp aquaculture since 
1990. The prescnt day failun rate in shrimp fanning experienced in the count? IS nt 
least panl? related to the vev high concentration of fanns in certain arcas i.c.. the 
unplanned and uncontrolled exppwion of shrimp aquaculture and declining water 
quality. &uw of  the proximity o f  thc shrimp f m s  to soum mter and the large 
volumes of -tar exchange t h m  is a p a l  concern tht ~ccumulation of waste 
bypoduea born the &imp culture fulllth wUl impaa 1 l h k  to the number of 
ponds that can be opcr8tcd i.c.. exceeding the carrying capacity of the source Rater 
bodies.. 

13.2 Importrace and nssslty 
Most envirunmenul u n u n c n t  guidelines require uulyris of the relationship 

betwan new developments or development pmgmms and ECC. Thc Honduras 
govemmont had noppd further development o f  duimp f m s  until an objactive 
detmninrtion of unying u p r i t y  has teen achieved and guidelines provided for 
considering funher increase in a m  under shrimp fanning for the various estuaries in 
Oulf of Fonseca. a large cnuuine embaymmt on the Pacific coast of Central 
America. NACA study on the preliminary arsessment of w i n g  capcir) of 
bndakru C m k  in Nellwc Disaict. A n h  F'd& has recommended that 
Conmmmt rhoukl limit my developmat (intwuifufion md or horizontal 
upuuion). Coder of cardun ud foda of pnctice refor to urryinp upcity e i k  
oxplkltly or LnpUcItIy. Accordhg to F A 0  Code of Ccndua Raponrib* 
Flrh.rk* under Aqucdam devebpwnt "Smo rhould produoe ud rrgukly 
u p d r t e q l u c u l ~ d e v o l o p n a m ~ u d p L n r r r r o q u i r r d t o e n s u r r d u t  
q w c u k m  dcvolqment is ecologiaily susuhvbk ud to allov the m i d  usc of 



nSUWCCl rbrrsd ud olha n i v k i d '  ( W k  9.1.)). In rn) 
cMmtria thccr cathucd nad fat qwculaur and wmorim to 
podua 4 WW - V = h . s i v e  pknr fa pmnoting, regulating mi 
ropatbrO on tbc rquruh maw. G i m  porribk conuibuciLnr of qwfu~tur r  to 
aJvaced food ~uppb h ~ ~ a p m m l .  it m y  k vcr) w f u l  LO dcrtp 

development p h  with due ddau ion  of exirtirq plans ud c f f w  
aiming u W suriry. s u a a i ~ b k  q r k u h u r  ud nual developnrnt. Bangkok FAO 
Tcchniil Consult.tion on Policies foc Suruinrbk Shrimp C u l m  held In Dambet. 
1997 recanmended dut .ppmpri.lc m u r c h  should be undenaken lo d e l m n l ~  
4 n g  capacity of ~ y i t c m r  for W m p  c u h ~  with M emphasis on 
appllutiw o f  this knovlsdp to i d  ~ u .  Inadorul Rinciplu for Re~clponsibk 
Shrimp Fumlng montional W do a@ loatc aaw rhrimp fumr in that hvc  
d m d y  mhd wrying -city for q w u l a ~ ~ .  Couml Aqwcu lm  ~uth*. 
G o v m m t  of India in the report whined lo Supreme Coun. suppcaed rho1 the 
ryp of  cultwe system and the magnitude of intensir~ation pcrmincd shcnrld hc 
clearly &tined for each zonc based on the curying cawit). of the wne t pcFvenl 
nuvimt leuling in the ecosystem. 

Thc o p c n t i d  bmuwok for intrmal'ition of the conwpl of u p c q  in 
deciiiona m W  m mvironmenully wmplible developmental plrnn~ng poccss 
i nvo l vo r~nu t i on  of supponive capcity, enhation of rusimilativc upu l ty  .nd 
optinul allocuion o f  resources. The carrying capacity based developmental planning 
pmeu involves meration of alternative socio-economic developmental scenario, 
by incorporating aspirations and preferences of people, assessment of  dtc~sion. 
makers choias and cxpen opinion within the assimilative and supponlvc capscltlcr 
in Ihc region. The supportive cdpwity of a region is the capacity of the ecos)slem to 
provide murces for various anthropopnic activities in the defined planning regton 
without impairing bio-pmductivity and ecological intcprir). Thc formulation of 
models uslng anh quality and esWne dynamics data for predicting carrying 
capacity of water bodies will be of immense benefit to the shrimp aquaculture sector 
for environmentelly compatibk development planning. 

13.3 Carrying apactty of water sour= 
Carrying Capacity (CC) is the number of organisms, or number of cntcrprtrcs. ur 

total production, which CM be supponed by a defined area, ecosystem or coartltnc 
Environmental capcity is mrnetimes confwed with w i n g  capacity and hu beon 
subject to a nngc of  interpretations and definitions Enviro~nentai capact!> In o 
propmy of  the environment and i ts  abili9 to accommodate a part~uular level of 
activity with acceptable levels of impact i.e.. he rate at ~ h i c h  nttrogcn can bc 
assimilated. While canying capacity determination depends on both cnbironmental 
upscity and the rate o f  waete output from aquwuiture. In shr~mp aquacullurc CC ol n 
water body un be rued to utinute the maximum vu under shnmp fumtng Ih.l can 
be rccommod.tcd without execuive water quality degradation. The warn wurws 
(bncWshwmn d s ,  c+tuarics. creeks, agriculturrl drains) arc a common pmprny 

withdrawl o f  warn from and discharge of warcn by the farms into the same 
water source kads m p m t i a l  eutrophication and hencc there IS a need to nud) thc 
Wl'yinp capacity of  such water source. In relation to the water bod) rccelvlnp lhc 
dischrpe &rimp farming CC can be defined in krms of thc mmtmum 
nuvieat ~ i o h  un k wirnilaud by the water body without exceeding 
pmiuik This self limiting density i.e.. thc number of ponds b t  can be .- 

M V M d ( r W d r l r ~ ~ d r P . d w * ~ ~  
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o p r r r c d u m b m b l y m u * b ~ a a b u k n w ~ t p r a a c a d i o  
mi& feqnim h i l e d  Bcld a md modelnag. h bu water quality 
c*mia*s*curyingapciry.dmlly~klvingIbcrmbodynoknpr&bk 
to nrppo~I the number of ponds &a& Cmying cqwi!y of tbc w e  bodics 
is likely to b&ane a signif& irsue u I m b  of shrimp culture Mivify inc ruu .  

13.4 C m l  buSl 
T h c ~ ~ m o d c l f b f u n y i n p a p . c i t y k w d p * n n t n g p r o c a r U ~  

variau modelling d mrlycical ccchniqum to atim cwa in wrying capacity 
i n d i u m .  'Ihe dcn lopmnt  of shrimp c u k  requires a evaluation of water quality 
in thc rrgiacu of cxiaing and pqmcd shrimp f u m  opention espaially how che 
water qualify is inf luewd by the anlkipted wule loads fmn thc &imp h s  and 
from o h  w r r t m r t a  dmdwgc ~olrrar laatod in tbe region. If the urmbimd e f i m  
of effluent l o d r  is to mfuce wda quality blow a w b k  value. tlm it can bc 
nldIhttbsc.rrvingupcl*.of~rpamht,baanuaodod.Thcintmtim 
botwan bdlvldurl bnns, in which Ute hc aHuom tia h u draw into Ihc 
inaka of amher. may nemdtm the dmlbd i*ld RUdtdS ad dmalopnent of 
suiubk m a h o m t i u l  modsir in a sbnpk and cost-cltenin way to d e t m n i ~  che 
c o n a n w i o n  of hnpacn t  pnmebn cha r c u h  fm a given kvel of waac loading. 

Carying upachy &pmh largely on the rarc at which the wvata body (&) 
OM d l h  tha dfhml. Thr dllutkm W la of pru importmc+ In prodktiw nutrient 
mrichmnn In tbs CN&. C d  bahymcby ad hydrology (flwhirq ma, volumes n 
hlgh ad law W), mapholcgy of the d (influmw waer mowment, mbring and 
nntlf lut im) along with impact from other I d  uses md  freshwater runoff From the 
utchmmt ua decides the final kvel of nutrients. The flushiig time can be estimated 
in relation to thc dilulim me. which is the inverse of the flushing time. A grater 
density of f m s  csn bc developed in ueas with higher flushing rsxes. Cumnt flows 
md water depths uc important in cslculating dilution me .  Phosphorous is the 
limiting factor for fmh water, wherms nitrogen is che limiting f.aor for cMstal and 
m u i m  water. Sinw born. hrrh r n u r  ud s l i m  water mvimnmemc persin in lhe 
bncklshtnta  bodkr it Is nrsrur). to apply fresh water u well as coupl wucr 
model. Mu balance quuioa vtrh a dllutlon tan cna be uad to predict t t im nuwiont 
louting. 

The cakuhted carrying uprity is vcry sensitive to the driving paramaen. 
which may bc site &pendent md llso vary wiL time. They vc contingent a, 
technology, p r c h n w r  and the m r s t u n g i n g  nree of Incmctim b*wocn the 
phyriul and biotic mvlmnmmt. It Is a hnnion o f p d t l m  i.e.. baed on well 
mixing uus ud d u d  z m .  The distribution o f a i t i u l  rcgiau in a water body (well 
circulated ~rru a pmrly circuhkd uus) d the m l t u n  uny ing  crplfity will 
vary with the hydmdynunic conditions. 

13.5. Mctbodohgy lor tbe L c P t i u t k r  ofarrylmg mpdly 
The uyinO wiry of d i W  tmpiul rquuic is not well 

established and is likely to vuy signifiuntly roadi to lad physical, chemical 
and ecological condld0i-u. A wkcy of nvrs khw* amdy nuo .Dd dynamic 
dllutlon ad diqmu8l modds h v e  kra drvdopd Ib tbs admdkn of 
en-l oq*chy in mapeU of aplk rmapr Ird nutriad loda bpsd d n l y  
0 n l a n p e r u e c o m l i t j o N a n d r m i . c l o a a d ~ b o d k r . S o m c ~ p ~ .  



/ and seek lo model the tmpcr on ." - W  

phytoplankton d>nunics, u lth r the Est~rnatlon o! 
\?el\ to pmllcttng more subtle Carrying Capacity of !vr 
trnpactr as t~ ta tcd  u l l h  nutrtcnt 
loads. or the mnact of  shellfirh 
f~rmlng on planiton denstt! and 
cornpositton. hhjofir?. o f  the 
works related to uny ing 
capaclty o f  water bodies wcre 
centered on bt\-alve culture and 
there IS v w  limited studicr 
a\atlahlc penaintng to shrtmp 
culturt 

Simple mass balance 
models were applied to Kung 
Krabam Bay lagoon in Eastern 
Thailand for the estimation of  
caming capacit). These models mo! tend to hc ~n:~~.~ t r .~ :c  >\'::.ti .!p:l~r~! :. . . . . . : . .CX 

I q ~ x r n  syncms. and are difficult to :~pp!! r.;tttarlnc :lt i t I  1lc11.1 \!\tc--!. i ~jr:l~c:~\;.,re. 
thc rnte pmcesus nnd env~mnmcnt;tl qu:~ltt? st;lnd;trd\ rrqu~rrd I,) cs:~!~~:tte 
cnvimnmental cnpacity are poorl! specified for trnplcal nquatt~ \!stems, n\ ttre 
h~ological tndicators. The Norwegian LfSKA project used mined theomtical. 
empirtul modeling to urms environmental capacity of different couu l  ~ystemr tn 
relnt~on to aquaculture. Some of the studies wcre conducted nt Rio Chnuletecn Delta 
on the Gulf o l  Fonreca. Southern Honduras h a d  on \vnlcr qualit!, lnrni chcmtcnl 
hudgcts and estuarine fluid dynamics. 

Central lnditutc of  Hrackishwoter Aquaculture has dc\cloyd thc 
mcthodolog: for the assessment o f  c a ~ i n g  cnpncir?. of  ~ource \rater hd l c \  III 
rclat~on to shrimp farming with the k l o w  mentioned step-wise nct~vtt ie~ 

I .  Data collection on land use panem and extstiny shrimp farm area. culture 
system and management practices, average shr~mp production. 

?. Establishment of  cn~tronmental qualih parameters nnd cmndnrds 
3. Qunntification o f  the amount of nutrient lond (': and P) rclen\ed Into thc trntcr 

h d !  from shrimp farms and other nct iv~t ic~. Thc nutrrent ovcrlond ioulil hc 
fmm aquaculture and also from other activities on the land. 

4. Use o f  numerlc models to predict the total nuvient load tn the ubler bod! and 
the resulting level o f  nutrients. 

5. Estimation o f  carrying capacity by relating the predictions to the pre-culturt 
values. 

13.6. Software parkage for carry in^ c rprc ip  
Declrton suppn software has k e n  dc\~clopcd in Visual Raqic to e\tirnslc Ihc 

ma.tiInum allowable shrimp farming area, for a panicular cn tk  or dratnagc canal 
The flou chsn of pmcess for the enimation o f cay ins  capacit? tr depctcd FIR I 

13.7. Cue studlea eoridmctbd 
C a r  studies were conducted to validarc the computer model in Andhm 

RadeJh and Tamil Nadu. where dircharpe water was only fmm qhrimp farm? m f rnm 

A d r a d  trcbwdagh fw tbt r a m q e m t  of dl #ad w ~ r r  m l m m m t  R I  

h bnrkhbw8ter mqmanhmn 



I + 
An. 1.d I u w  ofr.lI.n w m m d a ( k .  Irsbrt.lp mquc.lt.n I 

Fig. 1. Flmrcbarl of step In CC utimation aftware 

13.8. Utility af m h a n  

1. The tool will help Nxc pvcmmau md orhur mphmry organiutmns to 
mguhtc the level ofshrimp t iming  activity for uch m i v i n g  water body. 

2 .  I1 will also results in awvcneu among shrimp fanners of the impact of shr~mp 
farming on the cnvironn~wt Md encourages them to p v ~ u e  surtDylnblc 
produclion methods. 

3. The roftwvc pumiu  I reliable &nution ofthe m b i  impru of the shrimp 
f ~ ~ m d ~ * n d ~ i m p r t r i n ~ ~ ~ r m d s r V P i ~ ~ a ~ f k ~ ~ d  
dewlopncnl 

4 .  Thc wry ing  capacity models will provide information for the 
formulation of r u a n g i a  (preferred nenario) to intypatc rhnm7f;ming into 
coastal rn m ~ g c m c n t .  

5 .  The water quality &a pemntDd thmugh &M ymplbq d uulysis will serve as 
the buclim to monitor the loag-mm mrda in qualify of anm bodies. 

6. 11 will help in h m i n g  hntm pk le l ina  md po lk ia  fa arsomrbk development 
of rhrimp fanning. 

7. T k c t D o l ~ t h o u p l o i t y o f f i r l * r y d ~ p r o ~ m d c v e l o p  
maugmau ths will + Ute lik.Hbood of qucuinmc develqmud 
having dekteriour impct m the ennmnmsnr 



a. Fa pino cntrrpoaeurr lvouY lil;c to dewlap krp uur fa shrimp 
fwinp this sofluwe un be urcd u I planninp tool so u not to ex& th 
urrying cspcity ofthc rccciving water body. 

13.9. C d u b .  
The unyiag wiry b a d  dcvclqmcnnl phlw urns at the dclinou~on of 

pidollao, tor dalrla-mrldrrs tehtd to ovmll qlaul drwlopment ulthm tk 
region md cm be wad to mn~l tb  stake holdon of the Lou01 involved in and pu~dr 

l p m i o r  thm ue iaaroatad in cnvimnmenUlly suslinable shrimp dcwlopment 
Thc w i n g  upscity of all the coastal WI%W kdief shwld bc arwued m~ 
p i d e l i  to be provided for considering funher i n c m  in ~ n .  for qwcuiturc In 
h e  c d  rrgion. Almost all of the discussions on carnlng q a c ~ t !  fixus on I(, 

estimation r a h  lban on the issue of how to c n r m  that it is not exceeded or hou lo 
manage or allocate it once it has been estimated. Funhermore. appmrchcs must mkc 
sfMunt of other resource usen, both in terns of their contribut~on to rhc pmblcm (c y 
nutrient and orpnic wutcr) or their susceptibility to it. Allof.tion depndr cri~lull) 
on the nunre of owwnhlp d o t  .csou righu u well u other bw&r log.1, 
institutional, and ~cic-plitical c i r cums~ces .  Allocation issues nrc thcrcforc best 
a d d r c d  through a case study approach. covering a rangc ofsocio-p~llllcal s!stcrni 



Co$sal upmhurr muu ahring, under conbolbd conditians in ponds. 
p c r q a r b a t n r a a r t v r w i y m d . r a * o f h p p n t n ~ f i d a m y o c h e r  
q u u i c  I lk  in rline u M i l  m, but doa nd bKMc 1 3 3  water qrucultum, 
C c u u l u u ~ ~ r r a d r h r c d u c h c ~ R . ~ m Z a r f o l t h e r i m s  
bein& in the n o t i h h n  of the Govrmmsnt of lndL in Ihc Ministry of Environmmc 
d Fmas. T)w c m t n l  gwnnmm du l l  n k e  all such mcamrcr pr it d a m s  
nefcuvy a e x p o d i t  f a  regulation of co raa l4wcuhure  by prescribing guidelines. 
to m r e  Ihac c a m 1  aquaculture das nm cause any detriment to the coastal 
cnvimnmmt co protect the livelihood of various seaions of the people living in the 
coutal arcas undn  the Carsol Aqusfuhurc Arnhairy Act 2005. 

14.1 Pmm nod hrtbu of C W l  A q u c c l l h n  Au(Lo~ity ( C M )  
C M  anaob rhe following powon d performs the followimp functions for 

the ~ w m h u b k  danlopmm of -1 q w u h .  

Pmcn 
a) Makes rcgulsrions for the construction and opration of q u a c u ~  farms wirh~n 

the vcas 
b) Inspection of couul q u u h  farms wiIh a view to -mining their 

onvironmmul impvl  uuvd by -1 quuu l tum 
C) Raginntion of -I q u u u l n u e  fums 
d )  Ordering the removal or demolition of any coastal q u t c u l m  (arms which is 

causing pollution aAer h w i n g  the occupier of the farm; and 

Fumctloar 
I .  Enaures hl thc agriculhlnl lands, salt pan lands, mangroves. we! lands, forest 

I& hnd for village common purposes md the land m t  for public purposes 
snd mtion.1 p.rlir and ~ C S  shall not be convened for conmuction of 
c o u u l  qrucuhurc f u n u  SO lam pmtst the livelihood of -1 community. 

2. S w y  of the entire coual uu of the cowmy d advise the Cenvll 
Owemmcnt and the S W  Union territory Oovanmmk to f m u h t e  suitable 
m e p i e s  for achieving c c o - W l y  -1 q rucu lnm devclopnem. 

3. Advise and c d  suppo~I to Ihc SlaW Union territory Governments to construct 
common inhnnrture vu., mmmon water in-take ud dischuge canals by the 
-1 qruculture fums  md ummon effluent mrancm systems for achieving 
ccbttiondly d suminrble developmnt o f c o u u l  q u u ~ .  

4. Fix sunduds for dl coraal q w u h  i n p a  vu., seed. fed .  growth 
s u p p l m t s  and chan ia l s l  medicines for t ! ~  maimaunce of h e  water bodies 
and Ihc organisms r e a d  chnrin and othn q w t i c  lik. 

5 .  Curywt and sponsor inveslipaions md hdicr/ scheme relating to environrncnt 
prorection and demonnntion of eeo-friendly hfhnologies in d qwculturc 

6 .  Collection d diucmirvtion of data d o t k  W f r  and xrio-caonomic 
infmnuion in rolpct of maan r e W  lo coastal aqwculNm 

7. h p a m i o n  of mud& eoda Bnd udio visual maairl raking m a a u i n r b k  
&w)opmcm of -1 q u w h l m  Bnd bctivitk 



8. Orgmix h g h  mDdi ud orber mcUr, of Coaununiurim a comprahcn ,~~  
pmOnmme rrOudinO nut*Il.bk ~ R ~ ~ A o o  and fur  and aquiubk during of the 
c o u P l  rrruxl~c+r for q u r u l t w c  purpose; 

9. Plan and organisc e r i n i g  of pcmnncl engaged or likely to bc e n y q d  In 
pms~vner 6x nrminrbk utiliucion of the cwul rrvwcer for ~ U U I N ~ ~  

purpoar 
10. Repusia, of kehaiul auaruk. code of conduct, otc. 
I I. Dimct the - of tbc h to ay out such moditiutiocu to m~nlmiK the 

i m p ~ u  on aM1 mvim~lent  including Raking density, residual level# u x  of 
d b i c s .  c h a n d s  md otha pbumwlog iu l ly  nctive compounds 

12. Ordar on seaporul closure of f a  for ensuring s l l N i ~ b i l i t )  of the coosu~ 
aqwulture pnrtkes 

13. Orders on closure of co-l aqwrculturc farm in the Interest of malntelning 
cnvironmrnt.l suminability and protection of livelihoods or for an) other r c w n r  
considered nccuury in Ihc iNcM o f c w t r l  environment. 

1 4 . C I l v r b g c h r 0 a c l ~ 0 f ~ b ~ h n k h I . d ~ ~ r h t ~ y p a a h u  
obtained r cmlfkua of regilmtion by fumWlIn8 Wrc infomution or 
contravened any of the pmvisions of the rules or of the conditions mentioned in 
!he ceniticete of reginration 

15. To make suitable recommcndnttons to the Govcmmcnt for umcndlr~g [hv 
guidelines fmm time to time ukmg Into account the chnnges in technolog). 
fanning pncticel, etc, nnd incorporating such modifiut~onr in the guidelines tu 
cnrure m v i m c a t d  p w t i o n  uui thc l i v s l i h d  of the coutal communitie$. 

14.2 Regbtntlon of c0ut.l rquacult~~rc farm3 
No p e m  should carry on. or cause to be wr ied  on. coaslal aq~uculturc In 

coastal area or traditional coastal ~ ~ w u ~ N R  In the Waditionai ccustal aquacultulr 
f m ~  which lies within the Coas~al Regulation Zone A person who intends to ~arr! 
on coastal aquaculture shall make an applicntion for rcgistrntlon of h ~ s  t a n  kforc  
the CAA in the prescribed form accompanied ulth such fees a, ma) hc prcscr~hcd hbr 
the purpose of registration. The fees includes Rs. 2W per ha (or fraction ol r ha). 
~ b j a t  u, r minimum of RI. 5001-up a 5.0 ha water sprud area h. 1000 plus RJ 
500 p r  ha (or fraction of a ha) in excess of 5 ha from 5 I to 10 ha waler spread arcn. 
Rs. 3500 plus Rs. 1000 (or fraction of a ha) in excess of 10 hs from 10 1 ha water 
rprsad m a .  The fee for registration has to be pad in the form of Demand UraR In 
favour of the Member Convenor of the Distr~ct Lcvcl Comm~ttce set up h) Ihc 
Authority. The Authority will constdn the application In the prcxrlbcd manner and 
after wnsidcrlng Ih rpplicatlon ol tba mginer the fum or reject the rpplicallon. The 
Aulhorify d u l l  not mjwt the appliutlon without recording the ruton for such 
rcjslion. The Authorify afln regislering a farm will issues a cen~ficatc or rcpinrarlon 
In the prescribed form lo the peMn who has made the appllwtlon. In the c a x  of n 
I'm comprising mom h two hectares of water spread area no appllcsrlon for 
ngisaatm to corn- any activity connected uirh coastel aqwulturc Once the 
registration madc it is valid for a period of five years and my be renewed from tlme 
a time for r like period. 

No couml . q u w l n u r  shall be curicd on within two hundrwd m n m  from 
high ti& Liaa (he line on rb, lmd up a which the highnt water line ruches durlnp 

&I# qninl) and no c w h l  a q w c u h  ha l l  be urrid on in c m h ,  riven ud 
brclnvrtsn within thc CoarPl Regulation Zone declnred. 

~ ~ I * U . ( l r w k u y r v l ~ f w t l u A r u r r * t r u m ~  
85 .-- 



14.2.1 R.md drrdrtrrQ. 
A p o m h v h o i a t a w b m r r r r w t k ~ o f t k ~ n u y r n . k c m  

8ppliution within cwo monttu bdkc ((r Qprhy of cl.rtbr rtpilbuMn to ttu 
Authority in lhe pncribtd fcmn awmpmied with lhe prrribed fees. 7he Authority 
~ y ~ ~ t o - t h e ~ ~ f l f u m i f ~ P t i r ! i ~ d ( h c t h c p ~ n t o w h a  
wch registration is mdc hu faUed to utilize such brm f a  camf . q w f b  

plrpoxs. 

14.2.2 R n W l a l  tor a m  a cmssnl qu+.thn witbat rqhtntlocl 
If m y  pmon u n i e s  on c o u u l  . q u r c u h  or adiiavl uwro l  q u a c u h  

without regimation, thm he MI be p i d d l e  with imprisonment for a tam which 
may mmd to Urn yean or with fine which may extend to om hkk rupees or with 
bolh. 

14.23 Procorlm# olappIkn6on lor rqhtntion 
On rscsipt of an ~pp l i i on ,  the Disvict Level Canrnitlee shall verify the 

p u l k u h  dven in the appliution in r a p c t  of d l  -1 . q u r u l M  fums 
i ~ l v e  of their she; .nd 
(a) in the caw of c w t a l  aquaculture farms up to 2.0 ha watcr spread ma the District 
Lcvel Committee upon satisfaction of rhc information furnished therein shall 
recommend the application directly to the Authority for consideration of regismt~on 
under intinution to the Sutc Level Committee. 
(b) in the cwc of -1 q rucu lnm fums above 2.0 ha wlter sped area the 
District Level Cornmlaa A l l  inrpea tbe oMvcrned fum to ensure that the farm 
meets the n m r  lpelfled In thc guidellnsr with rpcific r e k m w  to the siting of 
c ~ u u l  aquacultum fums and rocommend such appliutions to the Srate Level 
Committee. which upon satisfiction shall further mommend the application to the 
Authorit) for consideration of registration. 

In case any defect is noticed in the application. the a m t i o n  of the applicant 
shrll be drawn in writing, mqusninp him/ her to rectify the & f a t  wilhin a specified 
period and in cam of Allure on the pn of thc appliunt to rectify the dofa  within 
such pnlod. the regismtion h l l  be mfwsd. Whnc the applicuion for rrpiantions 
is r e W  the rsuolu for such r e l h l  du l l  be madd in writing and r copy of the 
same along with the order of m W  shall be furnished to the applicant. The applicant 
can appl) afresh for regirtration after six months ofthe rejection made after r a t i f j ~ n g  
the defects m d  un fully comply with the smnduds specified by the Authority. The 
Ceniflutc of Registration is not mnrfcmbk. Any c h p  in the hyouf design. arca 
and rtccking density should be got appmvcd by the Aumaity. 

14.3 Concl.r)on 
The guidelines w r e  issued by CAA for t tguh ing  shrimp quaculture wvm 

[he entin g m u t  of shrimp hrm muugrmarc and m e w  to reduce the 
environmental impact of the wastewater disc- han shrimp hrms, u u h n m t  of 
such wum and mitigation of thc ldveroe impact of such wastes on lhe environment 
as well u molution of social conflicts, which wuld l a d  to nrrainrbk development 
of dvimp qurcuhurc.  Areas Frsrh brmr in RI& uar un be pamiDcd only &r 
~ ~ ~ ~ ~ ~ a p c l g . ~ ~ n o o M a s - b o d y -  
a l r sdy  1 number of dvhnp tLmu nm locatad rbarld k a v o M  The p i d e l i  
arc i n t t n d c d t o w i n t h c h n n o r s i n d o p r i n O k a a m ~ t p r t i s e s .  



SuarLubk quawhrm WUTUUS odopum of eawfriendlv Dehnologies The 
d i m  outh& ~ I I  Ihe lftomuth of 1994 W u  rrpMcd lo be d& to lack of pmpr 
dopcioa of en- enrichmart t#hnologicr ud m u u p s m a t  rn-s like 
dcjping of h r m  with W inlet and outkt ~ k ,  rrrervoir ponds, dlouurg 
farms in excess of w i n g  capacity of waln sources etc. Shrimp agwulturr  ha\ 
dcvelopad u thc largest cqusculturr practice within a decade in India. But. must chc 
developmcnn have becn restricted lo the estuarine and brackishuatcr arcas 
C o n s c q ~ t  to Supmne Coufl vcrdic~ Govemmenc of India stipulatl a lot ol 
musurer including adoption of raomnundod t d m o l o g i o  and pnctrfcs. lnlenslvc 
e f f m  arc W i g  undemkm by =#ouch q p n i u t i o n s  in dcvelopm~ mnovauvc 
lahnologios end a p p m d o s  for pnct lrhg s u m i d l e  bmkishwator q w u l t u r r .  
Howeva. adopion of thcsc i e t ahog ics  by L C  farmers ir subject to influence of a 
variety of xsio-sconomic and bio-physical factors Hence, it IS imponant tu 
understnnd the conditions 1 factors which facilicete , hlndcr ~ h c  adopt lo^^ of 
technologies for ensuring sustainable brackishwater aquaculture. 

15.1 lnma Ln bnekhbwate r  8qu f a w i n g  
Extensive farming methods arc cons ided  &s rusain&ble and produce llnie 

wute.  H o w w n ,  farms which stock higher stocking densit) dluhugc cmwnts 
carrying n i t T 0 g ~ U ~  CXCI'Ctor). waste, uneaten feed, residues of chcmlcrl~ and drugs 
that cause damage to the ecosystem. Conversion of mangroves and aprlcultural landr 
are also serious concerns for conflicts arising out of competiti\c ulilisrtion 01 ll~nltcd 
natural rrwxlrces. lnlernational m d e  has affected both fishing and aquaculturc In 
panicular. capiul intensive activities have been promoted h) many cuuntrles As n 
result, fisheries management and cnvimnmcnlsl andlor community problems have 
become serious (Marsub 2008). There arc also repons of snlinisarion of yround 
watn md agr icu lml  h d  duough s ~ p a g e  from aquaculturc ponds (Pat11 and 
Krishnm, 1998). Omer reported concerns include mangrove dcnruct~on resultlny In 
land aquisition with extremely low prices for local rcs~dents, nt, rrcspa\wnl;. 
depletion of f h e r i e s  ~ e ~ ) w c s .  flooding and incrcaxs of natural hazard5 sur.11 a\ 
dmIagCS from otorms, high tide and earthquakes. and destruction o l  xlf-sulficlcm). 
waur  and soil pollution d w  to huvy feeding, d i v u e  md  drup w. llnle contribut~on 
to the I d  economy rincc dre industry's interen is in her o m  pmflu and not the 
benefits of tbs community and hike of domestic shnmp prices. 

Numerous conflicts and litigations forced the government to i s su  the Cuulsl 
Regularion Zone (CRZ) notifmion, 1991 under the Envimnmcnl (Pmlecllonl Act. 
1986, whicb reswim construction of shrimp farms landward boundan upto 500 m 
h high tide line (Kn) and has put an end to the construction of coarl8l farms 
U'hik q ~ u l t u n  dcvelopnent is w n e o l l d  by state govcmmentr, its overall 
suprvirion ig d w  by Cand Miistry of ~ g r i c u l ~ t ,  which in 1995, h d  
p l & l i m  la a-h dovalapmcnt urd ~~~U(pmmt of brrkbhwU@7 
~U.OIJIUIO. ~t d U) WIWSIOO of @WIM Lndr, m ~ ~ r o v n  WJ 

other -l@aly -itiw for I ~ u E c u I ~ ~ ~ ~ .  AIM. Env im~lenu l  
Monit- M m e m  fiogremme (EMMP) and Environment Impact 



~ ( E l A ) h r v c b e a a m d c m a d * a y I b d r l m p h m n r o f I M O b m d > 4 0  
h.. mptnively, vbM rsquirc r 'No C b j o a h  Caifrar' born cbc Smc Pollution 
Conaol Boudr f a  d l  h e  qu8Iifyhg rqucularr unio. Coucll Aqvlsultw 
A u m o r i r y ( C M ) h m . L D s c m s i n t ~ ~ w h i c h m a r i a d ~ v a d  
Pollution ConbDl Bcmds, Rmnvc Autbaiipl, Firbcr*r DcprmmnU 
DcvelopmnUl bodin ad R a a c b  InUirmiau. vbc hve beat usigmd thc role of 
regulating shrimp fuftM in r aauirubk nunaa in the country. H m a .  mall 
w k  hmcr~ who COmtiMt more t+ 80 pa cent of coul M m p  f u m a  find it 
diftkuh to adopt m y  rscomraadulmr in view of W of higher invcmnrnt and 
risk burlw upchy md poor fmn fellow fumcn. Although, them is r 
pmt wumw of the neui to dopl swuiubk qurv l ture  methods like low 
v t d h g  denshy. minimum u n p  of chanicrlr md fwd~ ud prvontian of conflicts 
m m m  of the mmJu rMmp h t n g  csmrer. th6 mrja Iracer k i n (  W 
aqurultun need to be uckbd wllh approprim technological interventions coupled 
with extension ud policy auppon. 

A case study on rdopcion of d n  importent muvgemcnt pactices in 
hcki rhwata  shrimp fuming in Krirhne disvict of Andhra Pradcsh and 
Nagrputinrm d imia  of Tunil N d u  was conducted in 2007 and thc details arc 
p r n m d  in Table I. 

Table 1. MopHoa oflmportmat ma~qememt pneHca In sbrlmp farmlag 

It is found that &ere is a need for comprrhcnsive extension Nppon to 
facilitate wsisilubk bdishw&r q u k u l a m  in d l  th rrpions of cwct.l Indii. 



15.2 - 
Anytbii Uw is psroeivbd rc new is dkd as i m v u i o n .  It u me succcoful 

a r p b b t h  of i b .  as a km f a  sustaining aunpcitivmep, hrr 
g d d l y  occupied cmhc mge in strategy of many wpnitotionr. Inarprutions 01 
wha constitutes innovatiW range from out of box crutivin and mhnc,lW 
kdcrhmugb to incmnentd improvement of udning paradigms. Whik resovch md 
dcvrlopnom playa mauul role in dlrofcisg the devalopncnt of k into 
~ ~ V L M . ~ ~ k I b r ~ ~ n o w b o m d l i l b n n t d l r o c r h r  
toth wWa and outskk ocg.niWion. Concspb like rm, wet e x c h g c  4 
uhmlops  like firma analysis kits progressed from ideas to prodm 
Anywv m or ~uocW with M ~ g ~ i s a t i o n  c d d  rpulc the idea for an innovat~on 
In fact, s p b  for innovation could originate fm a farmer explaining wh) hc 13 

u m b k  to mea a produotion target or fmm a t a m  o f c o l k p  student\ talinp a tvur of 
r n v i n m e n t  lab. Apln h m  various functioml groups within m organtwtlon. 
suppliar Jw provide infinrution, LDMwlodr ud unique Insight tlut rcctlcnte the 
paou of Iunonion.  Forming Uustwonhy rclationrhipr and having r mcchmlsm for 
continuocu dialogue with wiws stakeholders are keys to leveraging the rewums 
for innovation. 

15.3 Dlffuloa and adopthm of tnaovations 
The main function of aquaculture exlension is to communicate the d~fferent 

~ a k c h o l d m  the latea technologies emrmtinp fmm mrwrch ~nstitutions nnd other 
organiutions. The diffusion and adoption of nc* idus  and prsctices ha$ received 
~ncreasinp attention in Ihc present context of dccrcued returns over the ~ n c w e d  cost 
of production. Roger's (1995) theory of diffusion of innovations 1s based on the f lbc  

stages in the adoption process vrz.. awnrcness, interest, evaluation, trial and rdoptl(~n 
According to this theory, an individual before finall! adopting o neu ~dcu pilaw\ 
through a mental p- comprising of all or some of thcx stages Sincc the clmc 
taken to pass through a mental process is not the same for all ~ndividual~, odnplor\ 
can alw be ca tegor id  into five groups based on the time taken for adoption lhcv 
categories we innovators, eu ly  adopters, euly majority, late majority and Iwrrd, .  

15.4 C l u n c t e r t r t l u  of Lanov~tlons 
Five chmcteriaics  of innovations have also k e n  delincuted, ha\inp a hearing 

on the rate of adoption. These am: 

1. Relative advanage  
11 is the d e w  to which an innovation ir superior lo the ideas It  

supersedes. 
2. CompatlWlty 

It is the degfu to which an innovation is consistent w~th crlulny 
values and p s t  experiences of adopters 
3. Compkxlty 

It is the degree to which an innovation is rehtivcly d~ficult to 
un&nnmd and usc 
4. Dt*blMWI ( T * W )  

It b thc degree to which an innovation m y  be tried on a limlto6 ball1 
5. CorrudcabMty 

It is thc degra to which the resulu of innovation mag hc dlffuvd to 
o(has 

Ahsd br & a - r t  .r sell died d m  n v l m m m l  
89 
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T h e ~ p a f b r p r r o ~ o f d o p c i o n r a d d i R P d o n m d i t s k p l ~  
m r y k o f i m m r n r v r l u t t o o o s a d o a w a k a s i n p l h h y ~ ~ l l y m  
innowtion in the f ~ l d  of coDwl ~qurultun. 

15.5 Adoptb. a d  It# proar 
k ( o p i o n i s a d s c i d a a t o a J ; c W I u r e d ~ ~ ~ h u t b c b a a ~ a u v o f  

r r ) o a m i l r b b . R y l a d B a r ( 1 9 4 3 ) v n r p m a b & b i b . m ~ h t b  
d o p c i o n o f a m i d u e o a d r o d o f ~ T b s y ~ d a d ~ ' n n r a n e a '  
of hybrid fom 'convktkwt of k urttlnrr, ~TM rcccp9ncc' md 'mpleoc 
w m n '  of thc innovation. WiUrming (1953) &scribal rhe doption of an 
innovaion M a pmccu canpoad of h i n e  deciding, and wing  over a period of 
time. The doption of r spalfk -ice is nd the m h  of  a single decision to act but 
min of wionr md thought decisions. He W f k d  four adoption nrgn-rtvvcncss, 
obtaining InfomuIkm, convkcion and airl md adcptim. Adoptii is cumtiall) a 
declrlon-nuking praceu. According to lohnran md H.w (1955), dccision-m.king 
tnvolvn the folkming steps- 

(i) Observing& htpmbkm 
(ii) Making analysis of it 
(iii) Dccidiq the available cwrxs  of action 
(iv) Taking one come and 
(v) Accepting the consequences of the decision 

llx Nonh Central Rum1 Sociology S u b c o m m ~  for the Study of  Diffusion of 
Farm Ruticcs (1955) identified five of the adoption p r a u s  which received 
world-wide attention. These ut (i) awmnus. (ii) intern% (iii) evaluatica, (iv) trial 
and (v) adoption. According to h m .  adopiion is not an inslurmnwus act. It 1s a 
process that occurs over a period of time and consists of a wrin of actions. 
Accordins to Sinph (1965), thc Sages of adoption uc dynamic and no1 m i c .  The 
wmc fin stages do not occur with all thc dopm and the pnctices. Sequence is not 
always the m e .  Sometimes one smge lppun more t h  once. In some uucs, some 
stages uc as rhon as to be impcrceptibk and in other cases, some stages stan to be 
skipped. nKre ut no clear-cut diffennces and metimes tbc whole process is 
capsuled m d  looks like a unit act. Tbc scheme of scrps r e d i n g  to him is (i) need. 
(ii) a w m m  (iii) i n l a e ~  (iv) deliberation, (v) trial. (vi) evaluation and (vii) 
adoption. 

15.6 R w m  for poor ndopnOm a d  nowdoption drubmolqh 
Impmved c#hnolegk e m  though umd by oPchniul rundudr. uc of 

l imltd n lue if thsy unna be adopted due to their tmnrh.bilb o a pMicuLr 
q w t i c  aayMn ud sucicnsonanic situuion. The doptica p.acm of 
cecommcnded todvloiogies is mn unifonn rcoss he wuntty and many of the 
potentid technologin m either being putirlly dopod by cbe hnncrz a totally 
mjsctsd by thun. H o m w .  studies indkm that mom of the hmMn in hvourabk 
.adrWr.htbmla#duutkaswxsptboncommdd*ohwlg**kirllttle 
upuka of tmhnoioplaa in the Mihwmbb h t a (  riaurirm. 

E d i e r ,  non-dopcion o f  modem technologies by aull and nsavct poor 
farmers war amibund to iMdspuuc supnni ryrtcms fa mull-fum agriculture like 



The maju - for low accepunce of techmlogics are the) are ~x* 

o p n t i o d l y  fcuibk.  ccomwnial l~ nc4 viable. noc ruble, not mehrnp  urth 
f-' nesds md not twnpatibk with the fanners' o m l l  fuming syam 7hc 
vchnologii themselw arc not .ppropriate lo small fvmen  and their pmductron 

if blu*a r a a n m e h t i o t u  of thcx technologies arc made 

15.7 Faclon w t r o I l h g  the adoptlorn 
Pucicipiion of producm in pmprams. mining, mio.economic condrlions. 

investment capacity of poducers. homophily nature of aqua farming communrt, in a 
particular lofality, availability of extension machinen and credit ruppln & the 
majw f u t o n  controlling the adoption of i n n ~ ~ a t i v c  enr,imnmcnlal bnckishuattr 
aqua hrming technologies. fhc imponant sokeholden to adoption uc not onl\ iuyct 
fumm but also tbc r emrch  and W n t l O n  penomel, input d u l c n  .nd'poltcy 
m a k a .  The t b t k r  development of environment friendly aqua tcchnoloyres require 
to put major emphasis on improving the compucnce of all concerned hy capnctt! 
building, m g t h e n i n g  research-extension Irnkages. facilitating institutranal 
collaboration md empornring national teams. 

15.8 A suggested strategy for the Introduction of an innovmtlon in pbasn  

Pmlatrodrct ion pbase 
I Care should be taken to see that the innovation is simple, compariblc urth cumnr 
cultural praetices and thm is a genuine need for the s m e  
2. Its economic advantages should be very large nnd manrfest 
3. Its s a i e l  consequences, if any, should be anticipaled and provistons madc to deal 
a ith them. 
4 The adoption stages from awareness to evaluation should be adequalel) M M & C ~  

by wide publicity md sultlbk dcmo~mtt ionr  
5. All mkeholdcn should be Pully involved through their opinion leaden and a mood 
of m~mulity rhould always prevail on the pM of change apnu.  

Drriag the lntmdnction 
I. As far rs possible. on the spot guidance should be provided to the potential 
adopters. 
2. Attention should be f a d  more on opinion leadm and active rqecten 
3. The wsn h u t d  be olw@ to k rclfdcpm&nt and apprshtrvc of ncu 
idur. 
4. A consant evaluation o f  the programme should be madc and ruiuble chnnscs 
bmughl out. 

Ahcr tk btrodsctfoa 
1. An M v e  follow up shouM be m u r e d  till compl*c adoption 
2. The pined should be utilired in W r i n g  the present p rogmmc ~d 
in pluarng fuhm amgh of change. 



3 . S v a c u r b o v l d k m c y v n d m a c i a t a m r o f a a c i a n d f . ~ . n i n d c  
~ o w ~ ~ n t b a r t r a n r c a r i n a p r c h t l r ~  
4.Mctmmrrrpon#,udnvtknsofdo(lcarBouldbsobbmedmaramn 
effective feedback and to comp*cr thc paar of communiuti. 

15.9 s n m t q ~ ~  for fn- a t b p ~ ~  d n v i m m m t  cuiclmmr ta~rdqkr 
Numaour bmvatbn tbt arise fmn rsarch apaintiau ncad to k 

m n r h n r d u , c h c . n d u u n f c i ~ k h y b y c n t & ~ t n t n r k -  
r q w h t n ( .  ~ o f c n I f f * P a & r a d I m t s ( l r w h i c h P a b o i n g a I r r d y  
l o l l d u d - ~ w h ~ c b n p u t n d m k ~ l o s r d m d l r u P s d h s r r :  

I. CMcr approach In bnckbbwarer aqmunltm 
The rppmrch which u king popl lo ivd  by MPEDA through its field oflices 

need8 to k Avrhct rtrrngthd by uulyrig the felt d ud unfch Mads of 
soclay momsnkn. CBuia baar me coaddad to faciUms Bcmn the sufccuful 
m i w  of soclalcr. Y b a  a llmd and below: 

(I) Complete memkrshlp: Compulsory membership is essential for the society 1 
squn club I a u a i u i o n  to k ~ ~ c c s s h t l  due to the similar nuurc of Fanning sywem 
md the dcpcndcnce on the m c  water vwcc by all farmers. 
(U) DslivmMUIy d t k  roodrh: Disease incidence na& to k managed 
cffectivcly. Economic (tangible) delivenbles and m n u b i l i t y  arc also critical. 
Compensation to the d i m  r f f d  hrmm will k a r  testimony to it. 
flu) Soct.1 cobcllvmm: The fact that d l  the f m  belonging to the m e  
comrnunlty or lccaltty in also a crttlul facm for Its s w c c u .  S m g  community bond 
and balng mlrted to onc lnorksr cwld pmmac good nppon unong the farmer 
rnembm. Community l u h n h i p  is king rcspclcd md IIRcmd. 
(Iv) Conviction of the members: Conviction that p u p  Wion alone could cnsun 
wcccss of all the members could ensure thc availability of qrulity sad, technical 
know-how. Idoption of best putica by all, compensation schm and volunlary 
coopntlon of the h e n .  

2. Pmblle-Private Pnrtaenbip (PPP) 
The potential aqua mmpreneun need to be jdmt i fd  and wppmed with 

adcqwtc l ~ h n o l o g i u l  hck-up panicularly in che area of incuhws categories 
wherein there is need for public-privatc partnership in c a d e l  a q w l ~ n  For 
innmce, ClBA entered into an agrument with one private eatrrprrncur for 
promoting micro brackishwater w l y l u  kit in 2008. This rppmrch pmvides enough 
m m l  wppon ud -cm to po4enti.l o n b q m m m  ud also bsomes a 
rucccu ur for othon fcu ordrtion. 

3. Cllsahle-centercd commamkatloa Mtw 
Canmunicuion mteg). has an imporunl rok to play in the contua of 

effrrtive dissemination of innontims. Then: cdnnol be a uniform i u n i v c d  
communiution rmggy for dl sorts of disseminations. Active communiution 
chnnsL li& psrorvl loulltc md pnonrl oaoapob obranch pcovidc 
I n ~ r o a n ~ t h r ~ ~ h b p l h u m ~ T h . r u y m u u s ~  
t h a b r t u r ~ c l o w l y O ~ p n b o l r n w d r a f r a . R r l v c  
m m u n k . t i o n  ch.nnlr lilw audio. video, PdiPviarrl, grirrl m#lk and c k c t r a d ~  
media p v i d c  infamation aboul an iaaovuion's axiacnc+ how it wortr, whcre it 



~.n be o h i d  .nd bow to dop k This infamuion is .ppl~~&,k LO m u ,  wd- 
~typsrofclima~lefarwbantheummrmicationmuc((? h r c o  b e m d e m a q w  
hmm. exaenrim o f f h s ,  rcoeucherr, input d u k r r ,  primre opentam and W n h .  

4. ~pproprbk Mods to l t r rnter  Inawatiou 
Mdbob thc ud I m a I l S  of relaling thc crlmsion uoAm and 

f- for ormnsfcn inO irmovations. The utility of e%tcnsron worker l ~ c s  ~n the rut  
1h.l he help in hcilit~ting the h i n g  prows and tnnsfenlng innolot~ons. !.$.n\ 
nmhcds uc used in mnrf.rring the i n n o ~ i o n r  to the NL;eholden An cx.tenri& 
w e  +Idom mom m one mnhod in my given mming. For instance, he cnuld 
condud a fuld-lrip. make use of rcwurce person and hnw a lcrmcr ylvr 1 

dctncmU8tion. Ihe table I indicates a list of some of thc methods used ed clnsi~ficd 
according to individual group and mass bases which illustmtcs the cstcnsl\cness u f  
choicer available. 

Table 2. M e t b o b  of t n n t f e r r l u ~  tnuov.tlons 

I Indh4d11.l iaetboda 
I. Farm and home visit 
2. P e m l  letter 
3. Telephone calls 
4 .  On Farm Vials 
5 .  Circular lecler 
6 *dy,swce8~ 

story 
7. Facsimile (FAX) 
8. E-mail 
9. Eshat  
10. P a g e  
I I .  Telegrurn 
If. in- phone 

15.10 T e c h n d w  -men1 and refinement in aquaculture 
In the context of growing concern for the cn\!ronmcnt, gl<~bai~sal~on. 

household food security and eco-regional ~mbalanccs, there I S  a need for ncu 
directions to transfer the technologies by designing more cficuvc IlnLgcs hcrwccn 
rcirntinr and f v m e n  keeping wich diverse needs ofditferent oyro-cl~mauc s1tunuon5 
Tcchnolo~y u s c m m t  mnd refinement r e fm to the process or s set of utrvlt!cr 
b e f m  c r k i  up new scientific information for icr dirseminatlon In r new pmducllon 
system. It is this process or activity which can relate rhc rewnrch u ~ t h  tcchn,,lup 
application and funher dissemination. Since fhe situation undcr u.h~ch thc sclcntlf~ 
information developed differs from those operated b) thc farmcrs, the rcuarch 
~nformation is to be reviewed in terms of specific needs, opponun~ties and conslralnl~ 
faced by the farmers in different production systems. Assessment and rcfinemenl of 
tschnolopy needs h a s '  involvment u well ar interdisciplinaly r p p r w h  In order 
to provide specific, holistic, and technical wlutions to the exifiing problems In the 
fieid of c a d  aqweulauc. 

Group mcthodr 
1. Demonstration 

Mur melbodr 
I Film 

2. Role plsying / 2 .  Rad~o 
3. Panel / 3. Telev~s~on 
4. Symposium 4 .  Newsppcr 
5. Study tour 5. FMI publiutionr 
6 Group dixuulon 6 Elhibit~on 
7. Conference 1 7 IcT tnltlarlvcr 
8. Training 
9. Farmers interact~on ~ 

meet 
10. Lecture 
11. RRAIPRA 

-- -- 



C a u i n ~ c o o ~ w i ~ ~ b d p o n c n d o D w ~ k m m - c b c p r o r m r c v ~ m  
.vdhbility, m&eomdc sm~sms, . . id5lifymdpioritirhcpobkmrud 
filully prepm thc utioa p l w  for impkncmtioa. PRA todr include v i l h p  
muat rrvlurce map, yirl mrp, laravl map, l i v e l i  rarlyris, thne L i .  mnd 
uutyris problem uwc dmgran, technology Mpii piqithmion of poblems by 
mmix  ranking ud fonnulYion md imp- of wt lo~  p h .  Actioa plan can 
kpeprodbythc.qwfumcnuda4nrionfuDdiavriabudontbcidcatifd 
.odprbrhitsdprobhnrinvaimmpoduaioaryrcanrhtbc~hgc. TbccMn*cm 
f u n c t b a r b ~ e o v l d i r c l ~ t b h n a r n b h n p ~ I b ~ p b a .  Tbcvtim 
plra wlll e a u l n o f p m p o w d u r o f a q ~ b a e d m I h o ~ o f p b y s ! d .  
#onaaiuL muka md cmvlmmMnol sauWau; rpcb to k culhrres; 
friliution of qua fumm u well rs of the farm prod-. &fore the 
development of q w c u l t m  in a pni fu lu  village, it u vital for pknnig  with critical 
&holdas like f u m m .  An vtive pniciption of h e  benef~Lrics in the plming 
and impkmcnation un auun the nutlinrbity of thc caMi rgro+corynrm. 

15.11Caduk. 
The extension urppon of both public funded and private opcntcd 

organisstions is essential to cnatc awvrness among various stakeholden on 
rvailabilit) of innovative environmental technologies and facilitate IIX adoption 
through novel approaches taking into conridemtion of laa l  farming systems as uell 
as remurce availability, oppomnit~es, constraints and fapability of farmers. 



A.R.T. Arum, M.Kaibam and J.ICSna&ny 

16.1 Imtrodmctka 
4uru)turr hr developed npidly o v a  the *a h dwdn mj 

.I .D impamDt EJ- *unY for fwntinO tbo ~V~ I IW,  providi i  m p l o y n a t  
md n&aul  rauflty fw the million of peopk. The evn i nc r ru in~  poplturw, ud 
the n i d n g  d e d  for animal W i n  is ~USing  pmsure on fisheries dcvelopmen~ 
gldwlly. Fish and fishery p r o d u c ~  contribute around 15% of the a n ~ ~ n a l  pwtcln 
supporting the n ~ t r i t i o d  security. The world fish productloo is ~n the order of 146 3 
million metric tons. of which SWa is contributed b) quaculture. The contribution of 
q u w u l h v c  to the told tlrh prodlrtion w u  m u d  15% in 1990 which hu p w n  
about 50% in 2003. Fvmine of 4 W i c  w p u r i a  including fW1, mollur* 
cmslacans ud aquuic plants with the intervention in some form or o h n  in the 
w r i n g  pocess lo enhance production such as regular stocking. feeding. pmtcction 
from pndacors d ndhh care is aqwulture.  In ~ loba l  fish product~on, c~ght top 
countries acup icd  by Asian countries. where lndia stands 2- position aAcr China 
China has produced 70% of global production which formed 50% In valuc. %here u 
lndia is a distant 2@ with 5% production and 4% in value. 1hc ~ loba i  sveragc pr 
c n p h  consumption of fish is around 15 kg. Tbc present a v m g c  p r  c a p ~ u  
conrumption in lndir is uouDd 9 4. E v a  in ~ u n u i e r  lik J a w  and some of thc 
South Fha~ h i m  ~ u n t r i c ~  the 1~nge pcr upt t .  conamption Is mom Ih.n 100 4 
E v a  to rsrch the global avsrage of 15 kg. taking Into considemtion of 50% o f  Indian 
population will be f& w w u m e n ,  by 2020 the domestic requirement lwl f  will tc m 
the order of 9 million tons. The avengc fish production in lndia is around 7 million 
tons equally contributed by fksh water and marine. Thc mmlmum suscainablc ) leld 
is static and the caphur fisheries wend is declining. It is nccerwr) that the consul 
q u r u l a v c  h u  to nuke r @u&r contribution in tho fish production in tho l n d h  
wnlext. By 2020, (hc c w ~ l  qruful turr  in India is expected to auppon IO the tune of 
uound 3.50.000 tom, horn the current production of around i.SO.OM) ton*. Th~s  
implies thst a quantum jump has to be made in the ensuing ycan. Out ofthir, rhr~mp 
is expected to contribute around 250.000 tons and rest hac to comc through fisho nnd 
other non conventional p u p s  

De\clopment o f a q w u l ~ r c  has bccornc irnperativc for the follou~ng reasons 

Munr  of protein rich fish production for "Nuuitional wcurll)" 
Gcnmtion of employment - Livelihood rcsurity 
Economic ~ a t u ~  and rocial u p l i h e n t  - Social wcuriv 
Reduce pressure on wild m k  -Conservation 
Biological indicam for Water Quality 
Cultwe of Nutrient utilizers like Sea weeds. mollusks improve water quallV - 
EDvLonmeat recurlw 
~~w ~ ~ t c  p d d y  CWII 5rh cu~avc  - ~edvfc  other InpuU 

14.2 Ralmrar 
ldir is kscowcd with Coastal line of 8129 'un. Estuaries of 3.50 mlll~on ha 

w l t e r  of 3.90 million hn, Mangrove of 0.40 million ha potential b r s c k ~ s h w ~  



rcr wlOb* f a q m a h m ,  h a  1.19mUlbs b.. f r r r h M a m n o i n o f  3.15 
m i U h  h. Rm6 md tmtk of 1-25 atillbn h. Bhsrls md Ox-bow trtc d 0.12 
million h. MaUDln & irp Raaroin of 2.04 miltion h. -1s of I. 
46.OOOL;m.Thr+bqwkyarwncllbQoda*iWauauilind.T&urar 
u n b e b r & b ( h c ~ h r c p d ~ d p m d u a i v i ( y u n k i n a c a r r d .  

16.3 9btw 0lCoat.l A q n d m m  
C d  .qucuM is r m d i  prticc in India. In tk kw lying f i b  of 

KcnL ~ ~ l i ) .  WUI Benpl (bbciwr ad ghmks). Orirr. Goa (lhmn) and 
KmUtDb (kv) vh*h lnqdaKw lnflvx o r  uh wasr, m d i  h i n g  of 
lbh/dubnp vm pnctied. Thr b jvr .I- j w c n l k  of Alhishrimp in 
the I*k; allowltu b a n  tc ~mr: !Mh# rWouc my ruppkmaroy; hslllmtin@ 
w M I  .XChYIp through 116.1 Mn md Iumuiq prbdlully a 3-4 months. U'lth 
UIC lmpavmrant o f  ccchnolg*r and ralking ~IK impamvc of q u r u h u r c .  thex 
pnccicn wcm impowd with thc nrppkmsory smcking of fading with water 
quality nurupmrn t  wich higher production. The ~ ~ ~ h n o l o g y  i m p m v m n t  made in 
thc .qurulNrc =tor opned new vas for thc scientific fanning which is u l k d  .I 
Semi-lmocuiw ad Intamin bin# fdbwhg dl the pmtowlr for bnning with 
pdualcn u much n 10 tau pr br par cubre mod of 4-5 mmttu mainly shrimp 
In the couml ur. Th. tectmolgy dnncamtm hmlpd h the a a b l t h m e n t  of meac 
h 310 hacheri+r wilh 8 production u p f i t y  of 5 - 300 million v e d s  tolaling 
unmd 20 billion ud m m  d mom vas wm bmught undn dvimp farming The 
p i ~ m t  ua o f o p n t i o n  in che fola line is v a m d  IfB.000 ha and producing w u n d  
I 50.000 tons of shrimp 

The m m l  qureuftum wimMed a phcnomed groWh during 1980s md  In 
the beginning of 199% But thc gmWh hu not pfugrcaxd u visualized from the 
h r  p n  of 1990s dru to mcio, a ~ n a n i c  mvimnmmUl iuves coupled with the 
ankolk of unccnaolLblc di- l i b  WSSV an shrimp. One of the mlsoru 
mrihuled for rhis is the unrrplrrrd d c w l o p ~ n t  md  unf-n d i m  o u t b d s  
Ihc coaml oqurulturc in India was also sokl) dependent a single r p a ~ e r .  Tlgcr 
shrimp Prnurur momdon The effect of which has brought the pronounced impact 
on ~ h c  cmsu l  fuming -or questioning the vmy sulruirubilit) of the cnaslal 
qwfu lh lm 

16.4 Dtvcnllkatiom 11 tbc maaial mqucmhmrc 
For the sunr~nable eco-fnmdl) q u r u l h l r e  pncttce, dtvmlficatron to orher 

rpcclcs 15 cons~derrd as o w  ofthe nnponrnt componcnl Ftshcs Itk A s ~ m  scabs5 
( L a ~ c r  culcurrfrr~. Grouper (Eph~t-pklw I ~ I W ) .  Siuppcrs (Lwjmur Sp ) nhlch arc 
h~gh  \ d u e  cunlvonws fishes d Grc) mullcc ( k g 1 1  mpM&is). Milk fish (('hams 
ck~nu), kul spot (Etmplur ~vmcmrts), bbbit f i l  (S~(lmnrrSp) wi11ch arc 
h a b i ~ d o m n l v o l o u r  Rrmby ia tbr wnml roryram a anllrbk Thr tpsm 
Ilkc Cob* (Roc+nrron a m d m )  ad Sllwr pomfrel ro be- considoral u 
w d i d a l p o c i n T o r f v m ~  Emmhmbconnn&rndm?Jpcomprrhau1vt 
rechnolos) phpr far rcsd poductran under fonoolkd sadibonr d fannlrlg for 
these u n d ~ & ~ c  spa* Teehnologm lmvt bsar devdopsd +h vbcrr m the wnld  



ornupar Epbrpklm u w b m  ud Gmy Mulku Ah@ wphdur. Peulspo~ SNW& 
.~p~znrtr.hs llro ka, mcmsk~l .  Developman of broodnak fa rhc uplive seed 
pmdudon of milk fnh n in popes. C o b  md Silver pomfm have ken uLen up 
as prior@ species owing lo the~r high value in (he domeatc and internal~unal 
mrr(reb. 

16.5 TcLmokqy dmbpaut fbr l b b  cmhm I8 c a m 1  w a n n  
The follovlw discussion wil l  be on thc recent aocknologica de\rloped MI the 

d production o f  A s h  seabur Lmes colcarlJcr which un be a m&l for the 
poducrion o f  muine finfuh 4 undcr anaolkd conditions. 

Succeuful seed production in the hatchcn. depends upon the availability of 
health) matured fishes Viable bmdaock under captlvc conditiom rn developed 
Adult and sub-adult seabsss are prrxured h wild catch or h farm r e a d  nock 
Thc fish pmcurcd for brondrtock should k &old of e ~ t m a l  injuries w internal 
hernonhagc The fish should be healthy and fm from my parapitic infection 'Ihr 
fish can k treated with Acriflavin ( I  ppm) for 10 minutes and later with Mtibiotic. 
Fumlidone (10 ppm) for me hour as prophylutic tmrmcnl lo avoid infection due 
to mlnor Iq/h I my durlag wlkctlon and rrmcpomtton. F l h  a~ nulnmlnd 
~ I k @ n 1  in the broodstock tank md fed wlth mrh f l l  @ 5% of rhc bod) weight In 
fmzen form. Thc Asian seobrrs. Lacs calcaqfir can k made to brad under 
controlled conditions hoth sponu~ewrlj (natural spawning) and by induced 
spawning with cxogcnws hormone administration 

This un k ubcved b) the nun~pulauon of some of the mpomnt wam 
quliry pu8mam like ulinily, ternpentun, pH. nc rcqulmd for h e  nulurwm 
pmcur Nmululng the d i t i o n r  prevmlling in the mmne cnvironmcni with a flow 
h u g h  m g c m c n t  nhere~n thc ua water pumped Into the broodstock maturation 
tmks IS recycled using the b~ological and prcwurc w d  f i l tm w that the water 
condluonr arc mblc U ith th~s proceu. the fish could bc made lo spawn 
sponweousl) throughout the year. even b c y d  the normal spanning IcauJns I%I\ 
has paved wa) for rhe prcductlon of xcd under cunirolled condllions LhnnIghout the 
>ex  

16.53.1 Ldwccd Spmw8i.g by Hormone ImJectioo 
Thc cammonly used hurmonss an rhc finfish hatchcr~cr fw induced spawning 

arc: LH-RHr. Luteinking Hurmonc Rclculng H m m  . ru l op  (Available with 
SIGMA CHEMICALS - USA - ARGEhT CHEMICALS), HCG- H u m  Chor~on~c 
Gondotropim. (Anibble In P b u m r y  - mcdlf.l shop) Ov.prim. Pubcr?sa. C U P  
prmiur). g h d a  - Pimaridc. A~IUI ulcctlng rhc p v i d  fisher the requ~mncnt of 
h m m  u, be lqieclod is uxsscd. The dom#c lcvcl hu bcm rundud~zcd a 
LHRHa @ 60 - 70 pOnip body weight for fender d 30 - 35 r g k g  body weight for 
nuler. Since ck spawning normally acvn in the Luc evening hour$. when the 



It is a pomaed hffmiaa* spmmr ud m o m  rprming thc f& m y  
n l a w  1.0 - 3.0 million qp. The praca of rpwninp will follow during 
subrqucrn &y a h .  If dw condition is god. bolh fcnuk md nuk mpad 
timuhracourly rrrulting IpoM.ssaa a r a a l  ~ p w n i n g  md fa t i lh icm is effected 

Thecp0swlbacdfromrkcpnimg1.nkucwahcdtomovctk&ks 
h . c v o u l d h v r d k r o d t o a d ~ ~ ~ c b c h a & n g m n k s f o r i n c u b a i o n u d  
knchhg. Thr hmchlq buubdoo Wtk~ un be 200 - 2% l h  sylindrp 
mw~lu. ~ ~ ~ r s p l ~ 1 0 0 - 2 0 0 ~ n l t r r d m r h y .  c o n t k u w u r u ~ i ~ i r  
p m ~ l b d .  T ~ p ~ t r . 0 f 2 7 - ~ C L d a t n M . . T l w ~ a r l l l ~ ~ t n 1 7 -  I8 
houn n l l n  fmiliutlon. Aft= m i r y  the Iww uc mnrimrd to 1-1 rearing 
Unlu. 

16.53 L w d  rmrh# @.lu and lklcklmgdcalcy 
T r n l u i a t h c r i t s o f 4 - 5 ~ a p r c i l y u c ~ f u o p r u i o n 1 l  

mmk. Frahly bmcbod *nm * tlw bo hrubrtbn are ucfad 
&lly to the mfiru tmh. L.m uc aaLed Inb l ly  @ 40 - $0 nodim.  
Dcpmding u p  the a~ md siu, rhc l m l  dasity is roducal to 20 - 25 nos4 on I O* 
& y d I . l e r u d a h 1 5 & y r . t h e d c n s i t y i s n u i ~  mMld 10- 15nosil. 

Ib.SJ.1 F e d  and tedhg dm* bwml rurly 
G m  unicellulrr algae like ChlonUo q, l i r ~ l m u  r p  Nmrnochlorpsu or 

Isochryris rp uc & for fee&@ Ux live food (zoop*alaon), Rotifer and for 
ddtng (4 r rb  *rvd r n h g  Mlu f a  wawr v l h y  m d m .  Rotifcr 
(Bmcldonu plkutll&) or B. rofudthnnlr Ir Ihc rnoa prohmd dia  for the fish 

In thtlr early mpr. The size of lhe Rotifm v v l n  fmn 50 - 250 pm. The 
a r ly  slap Iuvw (up to 7 &yr) uc fed with mall sized mtifn i.e ks than l?Opm 
and lam asaartcd size mtifer can be M. Brine shrimp, Arltmb m muplii nagc arc 
fcquircd for feeding thc *rvu from 9* b y  to 21 &ys ud aAnwards Arrrmto 
biomass un be givm. Rotila ( h h i o m u  plkutilh) vc girm u feed to rhe h a e  
fmm P & y .  

16.533 Wnter cl+Lamp 
To maintain water qruliry in lhe W rearing Mkr. 30 - 4& water change 

is done &ill. The mlinit). should be maintained uwnd 30 pp. And the desirabk 
range of lrmpm~ure is 27 - 2 9 ' ~ .  The wun kvel rcduced (30 - 40%) in the rearing 
unk is lcvclcd up with Iiltcred qdni y summ ud mtcr aAer taking cell 
wunt of the algae in the &ng unL. A1p.l warn is ddod daily upn~ 15' b y .  After 



Oudm Pnkr ue pvlenbk. The uaLr harid h a w  v u e r  inla ud outkc pm\ am 
Fkwthrw&pcwidoaisdtrb.bk. hxhbii f iherauridctherruingunliJ  
~ h c t p i n m c a u h r o a u n c r o f ~ g r P l i .  

16.5.43 Nmncry Rariq la Po.& 
Nvncy pacub can be u d  200-500 m' a m  with p w b i o n  to tauin arlcm 

70 - 60 ctn vmkr k n l .  The pad is  prpred before Ionckig. If thore arc an! 
p f e d m r ~ M a r t k y h w t 0 k ~ .  

lo order to nuke the artvnl food rbunQm the pond u fcnilized with chicken 
manure @ 500 Iryh. kmpmg thc pond w u u  Iml40-50  an. The wucr level i s  

. A h  2-3 we& prlod vb.n I& nuunl a l ~ l  food is m e .  Z":'ZEZrnia nurplii ur in-. N-ly I of cyst is 4 I 
ha pond. Tbae umked nwplil pew uul k a m e  bl- in the pond h h g  food 
fw  the sabarr fry. Scabus fry is stocked @ 20-30 ~ o d m ' .  Stocking should k done 
in Ihe cu ly  h o w  of day. Fr) should k rclimatized to h e  pond fondlt~on. 

upon nocedty: 6m mdt with nykdpolysthylarc v w b b i i  with mcrd size 2 
I mm. ~ 1 y u n k n a b s d @ M O - 5 G V m ' .  F m d t n g m o u a k u r h u b r r l k d m  
tank nunary. Thc net q c a  haw to k chsckrd daily for dunago8 thor may k 
caused by o b r  .aim& like crabs. Thc net ugcs will bc clog@ by the & e m  
of suspended a d  detritus rnuerials and siltation or due lo foukn  resulting in thc 
restriaion of w a n  flow. This would create f o n f i n m n t  in h e  hcgn and unheahh) 
conditions. To avoid this, u p s b p u  shcuM be c l a m 4  everyday. Regulu pndiny 
should k done to avoid cann ih l im and inc- the survival mtc. Even in higher 
~ o c k i t q  denrlty @ 5 ~ m '  fumcr could gtc survival of 80% in h e  fmn dm whun the 
fry were read  in h.ppu adopting thc vrrh fish tocdins and other manayernen! 
m i e r  mcntionod above. 

16.55 Farming: 

16.5.5.1 T n d l t h d  eout.1 aquaculturr II India 
Subsrs 1s cultured In thc ponds m&t~onalI) as lm exfenslve t)pe rulrurr 

lhmughout lhc uur in Ihe Indo-ptclfic regton where u a h r s  IS dt~rnbufed In luu 
lying eacmced pmdr, whenever the rubus juvmrlu ur avallabk In thc ulld lscd 
f o l k d o n  ccntcn Thc ~ u v e n ~ l e  r t lhrr  ~nuvduced In the pond w~l l  prcy upon the 
avulable fish a shnmp ~uvcnlkr  u much ar avalhble and grow 

S c a b s  arc allowed to grow for 6 7  rnonlhr of cullurc perlod t~ll such nmc 
warn kvsl  I# a n i k b k  m rba. paaQ lad tkn hvvestad At lhe u r n  of W e s u n g  
~~Uklyefilhd4to5~uv/cllu~y~ll(9rhu Th1811acaunon 
r n v r i o  in many c a r d  .mu In this m n m  pmducuon up to 2 ton/hJI-8 month8 
havc been obumcd. 

16. U.2 P d  hud IbL farmkg 
S c . b . a d a a b c u a M i n a ~ p o n d B I M X X Y h . .  T h e u e d m c o l  

2.0 gm and h o v e  is @mMe fa nochap in lhc gmwout farms Water depth 
should bc rmhmined n u  leu chm I .O M. Subsas fishes stocked can be fed wllh 



16.S5.4 Crow out Crltwrc of Smbm In Cyr 
Pllhculatrc~nc.prbrb&nldmaWuonedhgo-mendlynthcumc 

ome IWIUIV~ dm pvlla f a  t ~ a c u u y  m firh podrwnoD Cycr un k 
t n d l e d  In w a In cMll m u  lEe famcr Ir yct to be h v e l o p d  tn many 
coualrlw wb.n mbur b cullund hrc carol up cuhwo u M uoblllhcd 
h n h o l d  rclvlty In thr Sat& Euc Adan c a t n o w  Tbge ue .buridant pacnrul u 
In Indi. rlu, f a  cage culnln? In tk lyomr. pascad c c n d  M@U, u a u m s  and 
mlu Surr, u* c u l M  d -bur br bc+a p v e d  to be a s h n r d l y  fu r~b le  
. o d v u b k p m p o u ~ c h u u a b e ~ u p m a L . r g r u l e i n m m b k l n r r  Cpec 
culture syrcem d b r  high uoJ;tal daurly, wuru hrgh rmvtvrl ntc 11 IS M-I 
~ ~ f n e s d l y r a d u a b c r d o p o d t o a r ~ y ~ &  rrL#anbecoorrdledand 
 up^ u n  bc cualy mmysd &bsr m tbc can be hrvcrtod u per the 
m q u m m m  of tbs c o n u ~ ,  vlMcb d l  fsob hyh unit pna Above dl, c a p  
culnln? hu #a low upul lnpu M d  opcnm c a m  uc mrn1rml chga can bc 
relocated wheocva naarury to avod my unf rvmbk  condrnon 

16.553 S t a W . 1  Dnrlty 
In (he c a w .  Rrhes can bc n a k e d  825-30wrlm2 imtlrlly when they uc In 

the 11% of 10-15 pm. Ac lhcy grow. ~ f t u  2-3 monUu culaac, when the fish attmyd a 
mean body wetlhl of 150 gnu nockq h t y  hu to k rsduccd to 1012  nWm- f a  
qYa.28. cap CUlW ll nomrdly in two phu - [ill h y  amin LaO-l* 1uc 
in 1.3 month1 and a f t e ~ ~ u d c  dU they hmin 600-0 in 5 toomoll. 

165.5.6 Feedlag Ia Cqa 
Rdux ln the cap u n  k M w~th elher eexaudd p l k r c  a w~th  low cost 

Alhcr IS per thc an ihb i l~ ry  and cou. F laung  ptlleu hve rdvmuges of 
p m c u r o m s a ~ t t m p a n d f ~ .  S l l l c c a b t o f k w m a f i r h e r ~ L n d e d ~ n t h c  
c o m m r r c W * n m ~ i a r h . d . n u w h i e b u m ~ m c m d I L . 3 - ~ d y  
w e d u k d f u ~ l m a c u l n l n ? .  Lovcachrber l ike l lro+rveufradfuwb.um 
p d  and In m y  ugc culam qmnaool. Tbc nte of fdmg can be rmmutned 
.round 20% lnltully and redud 10% d 5% gndudly in thc cue of mrh fuh 
feedrns ud la pcrlk f d n g .  thc f e d *  rue can be uound 5% I N O ~ I I Y  and 
@ d l y  fed& to 2.3% II L a  mgc. 

In the i&ng of low CON W feed cmvtrnon nno ( K R )  waks out wound 6 
a 7 .  t n t h e c u s p d b l ~ n & ~ i r n , k I m 1 3 i a A ~  H-,tkcac 
e . l h c c h r s n s l l o f t h c + ~ q f a ~ ~ o ( m r a t ~ b u t o b e m s d  

U n d o c c y c u l h t r r m r + l a b v r c r a b ~ v d y - . a d m ~  
nurugDd the pmduction will be high. Rcqucady CUM- ud m u n l a n ~ ~ ~  of 



wfm utcd fidm i n  to llu ey will ewpe wfonn growth and h g b  p o d w t ~ u n  
Roducllon of 6-8 kgkn' IS paribk In che u g c r .  un&f -1 InUnbnuwt a d  
prodwim u rr MU kgkn' is obtl id in intenrive cage mawgunen! in t k  
culturr of rclbur. 

lCd1 M.Mt produn04 l a h d o g y :  
A v u W i i t y  o f  Aequtc  quantity and quality seed u the m j o r  conrmin~ in 
thc &vcbpwnt  o f  Mi o f  WKS. Till date in lndh, except in thc hc of 
M i  ambus (h cd&r) fw m y  otha speck the tochnolog) for 
toed M u c h  urda contmUd conditloar is not a l l a b l e .  
RIC powwn technology prhp for rhw!  all thc rpecln o f  f lshu Identilied 
suitable for fanning is to k wududiLed Though technical viabilir). hu b x n  
dcmonantcd in some cua like tk s c a b .  gmupm, milkfish, rnullet.i and 
pesrlspoc the economic viabilih needs to k standardired and the f m c n  
nad to k convinced. 

b W y  f u m i w  in m c l ~  like upr .nd pondd for thc culture of 
rubs In Garal wuon is luspnod both for incmuing production o f  fish as 
well u livelihood option for c w u l  folk. However, che tcchnocconornic 
vi.bility and technology package is not available thougb the feed 
honsVat ions uc successful. 

16.62 Ma* price: 
s The economic vubi l~ry o f  my hmrd product u mrlnly dcpndmt on the 

mvkcc price i t  fnsber. As ruch o a n W  Lo orpon orimtsd M m p  price. 
firhor fetch Iowa p r b  though &e prodrrtioD wsi d w r  not vary much. 

Salt wluer fish availab~l~t) in the market 1s highly varmble. Man) are in lower 
priced wmparsd to other animal pmuln and few groups only ue h~ghl) 
priced and the pncc 1s vmable with ioutlon and demand. 

There is no organ~zcd trade for che Bwkishwaur formcd lirhes as that ol 
shrimp. Dancslic market nmrork for fumed fishes and expon n~chc m ye! 
10 be c x p l d .  

16.63 k s r m  nll lkatloa and conrcwrtion: 
The coastal resource is multif.cacd. And the varying interest fn d~lfercnt 
slnkeholdm wich conflicts. Thc major problem is utii~zing the rewrces fcn 
. q u r u b  withan wnflicts bmmn rukeholders 

16.6.4 Enlroam..t.l u d  .oehl brw: 
Cowll .qurub hr umaed grcmr dchre on iu impact on the 
environment chn m y  0 t h  u l i v i t i n .  Though. .qwfulturc is an miv i t y  
kpmdcnt om the hygiene of the environment. due to h z  umgulalcd high 
dcnrity q w u f t u r c  activity npaxnccd in m e  places has evo&ed ncyativc 
rrsponv from the mvironmentalim ailing for remedial measures and the 
a!tcn~ian o f  all w i s u d  in aqwukure activity lo evolve r gutdel~ne for 
d N b k  q u r u l r u r r .  



1 6 ~ 3  -r~rntblucirdului.l-kr-cdbn 
F e d  is a imparrm inplc ia Ibe rqrrculare (rrcise. Abraa of  con 
ellectiw fced auiubk fa f& hnni in ditkran c u b e  rylcem like pond. 
~apanutkmrjacoamb*mIheerpm*anofbnckirbwmterftrh 
q w s u h m .  

16.7 Pmtrre rcop 
V u t s a a r l r q u w u l a r r ~ c m b c u l i I ' i  
New Wibu rpccia in auarsrnr mollusk, fio fir&* vlwecd un be 
ul ianupto~itknmaoumw.ndmdocbosEaralamw 
C.p urd pen fumiw m a  be developed to avoid pad bud pllution due to 
c a m 1  qurculnrr 
Emp!uymmt opp*tunitia for colrc.l fishernun 

16.8 Tbrsrt a r m s  for hhn raareb 
Capive hroodslock developnmt, w i v e  maurntion and induced W i n g  

technology of difforcnl cultivable d n e  fin fuh 
Llvr lood cuhurc tochnoiogy d.vtlopnont (Rcdfer. Arwmib Moinr Daphnia. 
w * t c )  
Health mmqament in bmcdmck dwolopnmt ud pw, hcchhg phue 
Genetic improwmmt and rkcr ive W i n g  
Develqm~fit o f lmpenic  fishes for bmer growth md health 
Feed developncnt for maturation process of fish and di f lmm f d  h a t  
D m l q m a n ~ f ~ u d e y r ~ ~ f o r B n A r h  
Blo3ccurhy in hehry .ad fumiw 8yuun 

16.9 Cosclndos 
Thc impomme of uyucuhurc will baanc more apparent In the 

coming ycu with dmundinp pfcasw ham an ever i-ing world populnlion. 
Coastal quaculture hrr gnu polcntirl for the production of fwd. rlkviatlon o f  
poverty and generation of wulth for people living in oastal was. mmy of whom 
M vndrr privileged. 7hc wana of nuam and d techniques in couul 
qwcuhun la tin mos impatrm shnarl mwtda a ar*.hub* qrpcularrr lndumy. 
Tharrfom wmc rtnprta rhwld k walrd an. Thc fim ia to tpecd up the 
complnim of unfinirhsd c m t  m h  on dillbmt upco of qua hrming. Thc 
second is lo fomulau md hnpkmear Iynmvtic mgulathu urd relf cmtmlr. An 
i n q m c d  mgulrticn system m a  be impoaod to ensure thl the environment is nm 
h e d  by practice of muulujwfulture. chu ~hrnl tniu ofpmp~atal fish arc no1 
lost in the ptofar. Thirdly it ir impomal to mmphca qimrl, d o r u l  d 
inhnuionrl convnuniutiau md infomvtion cdunge. FJ.ckmcrs of ~chnisal 
know.hawIamwuympmmtnruDhdvpl lo ldonlphumaraaver  
muqpmm?: Dcvelqanant of ufhnoiogh h l d  k priailircd Md inlmutionrl 
coopmt~on IS pmmped. 



17. SOU ANALYSIS 

RSrrrmlby. hlM.nWL.r u d  A.N.pwl 

17.1. C o k i h  o l d  PI? 
ColLaioa of -n roil m p k  for d l f fmm uulywr nwlu gruwr 

~ I k r * ~ m r r a b t l m e o t m p t l w ~ a o c k c a n c a d u ~ l m ~  soil 
th.ir t8d oo Ibe dl r~npkr mmt in for uulyria. I t  is 

therefore h p w t m t  tht roil umpk rhould be poperly wlleacd md be 
rrpacnujw of thc ~ c l  to be cemd. Mahodr of sampling dcpend largely on the 
putpose for which the ?ample is drawn. 

M8tcrhb rspdrsd 
Spadc. Auger. T i m  Pol)%henc bngs, Khlupi 

J3alaw 
3 The MI fmn which thc roil ampler ue follbCtbd ahould be divided in to 

different sampling unio. The s i x  of p l n  or the farm arm that could he 
mpmmted by one 'composite sample' depends on the spatial variabil~ty in 
the fields. Sampling unie should not be more than 10 per hutuc .  Thus for 
ach  u r e  (appmxirrmely 4000 ml) field one composite sample may be 
sufficient. For this purpac after scraping the surfwe liaa a thin I R" to 3N" 
slloo of wl l  Ban 8-10 spots, -rod uniformly o m  b m a  (pnhnbly a 
Lg-ug pm) d~ould be collwlcd. 

= The depth to which samples should be obtained for mal!s~s depends on the 
land uu. Ropn sampling tools should be u .  Any of the lmls such as tuhc 
auger, screw t?.pc auger, poot hole auger or a spade can he used for digging 
the roil Spde or ~ b c  auger is satisfoctop for moist and rot7 soil Screw t).pc 
auger is convenient for hud and dr) wit. while post hole auger IS u r l u l  for 
wet roil. For umplcr up to 30 cm depth, a cut in the wi l  can be mldc 
with a spade md a thin slicc of mi l  laken u a des~rcd depth (0.15 and1 or 
13-30 cm) with the help of Lrhupra. I f  samples fiom deeper wt l  laym have to 
be akm an r u p r  should be used. For collecting depth-pmfilc wrc umple, 
(0-30 an. 3 0 6 0  cm. 60-90 cm and 90-120 cm). soil wre sampkr can he u x d  

a ARu wl lat ing the sub umpln. should k combined wg&cr and 
mixed thoroughly. All the lump should be broken and m i d  well In the 
cu~tainer a on clean cloth. 'h srlre of the cornposiw sample should k 
d u d  by successive q&ng to about haIra kilogram. 

The m p k  has to be dried in the rhde, till it dried, ground to fine 
pmda with thc help o f  woodm hunmer, passed initially through a ? mm 
s i m  d f i ~ l l y  through a SO mesh sieve ud packed in a air light 
polythcuc a ordinuy cloh bag for subrcqumt uulym, wWI sufficicnl 
idomdon. 



P r u 8 w J w  
E n r o o ~ r o l l m p * r r r n a ( b l b a  imnmdLlslylJb ninakripiim. 
facl l i r t ia l  
D o n U m p * s k m m W . b n l  m ( n i p i o n d  Lmnl draii 
bamdh tbuln ypd ~~)urepiu.rMyPao*Kwbdc. 
SMplhq in mmn ravn tbovld be dm anly afhr scnping thc ullik 
aud paehts. 

11.2 Sd l  nrtb. 
Tbc mi l  d o n  @H) i man a arpsu UIC ridicy a alkalinay of d l .  The 

pHisvnyhnpaMtpopnydbwllbrcrurshdo*rmlnabcrpei*.lorthc 
growth of phpp*nk(ccc mwll.bilky of M(rkrm md iaflumces m k r o b i  activity 
md phyrcul pmpatin of a mil. The pH o l r  mluticn, r mm invafuccd by 
Soms?n hu been &fined rn thc Dguive logodun ofthc hydmga, ion rt iv i t )  

p~ - - ~ o y  a "' 
Whm. an' rqmmlh to the wid* of H. ions which refers strictly lo r m~ solutton 
in which Ihc iuu vc Mmpkcely dbroci.ad. Bur in soil-uam s y m  rhc 
dimciation b not canpletc u in mr mlutnn. 

M u o m u u t  of pH 
Thm uc two main mahodc to dasnninc pH of mlutkm 
ti) Coluimebic mahod 
( 1 1 )  PMmricrmcaie method 

Cobrlmctrlc metbod 
T h i  method is kad on th. usumpcim Iht m ind iu tu  sjvas the m e  colour 

In two d l l h m l  mluriau h v h g  saw pH. Of tha cdaimeaic mcthodrthe m o n  
commonly u d  one b Kuhn'r c o k f i i c  mdhod. 

Prlmcipk 
The undcrly~ny prlnc~pk of the method k ing  that when a soil suspcnslon is  

s h h n  vigorously with very prrr buium dplutc.  the *Icr floseul.tcs rhc soil 
collotds md law a cleu ud wlourlar solution. I f  thc indicaw which is  no^ 
.blakdbyrhcmiliprol~~r10cdaarilldrwcrIhcwilnrdon.Thucolatru 
c~nprndvtrhLov(bondoobcrrdlrtotaovIbeflofdl. Themovntof8.SO1 
nrnuy to give r c * u  surpnrloa upom b amount ofcolloidr prtonl. Fa 
loun ud b v y  roib h is  nocrvvy to ndua the qunthy of oil used. 

Plmdrre 
Place s one un thick layer o i r ru tn l  &SOl m a  SO ml c h  dr). ICSI tuk.  llm 

d d  10 g of air dr) soil s ~ p k  md 25 ml of distilled w u a .  Shfe vigomuly f a  
.boutrminuhudtoopit fordh#fcr .bouhtfabarr .  TrLaoutIOrnlof 
a p m s a ~ ~ ~ d a m ~ b r p H n l u c o l o r h o a i E l l l y . b y ~ f d o u r w i t b  
I h t  of wlwr fbuU c o k  dl= &. 

Ponmtbmurlc mcclod 
Potcnt~omewic method with ckariall) w WCQ qmmi pH m*cr with the 

hclp of su~tabk ekctrodcs is wed fw daminam of soil pH values f a  pram 
.cCuNC). 



RCdplr 
Ifr m d l k  rod h dlppd k~ .ntor or in r solvciocl of mr of iu nlo. 11 u fwnd 

t o r e p u L c a n ~ ~ * h k b r r s b r r a r A u i m u m n l w d m r r m c t i m e .  Thlc 
h d u e ~ c h a ~ t b r d m a ~ h c ~ ~ k a r a r h c s o l u d o . u P t c r i a n r b o m c b e  
sohdjOlL A. ekcb* pacnL l  b chw dcvclqrd due to thc diff- in chc ekcuic 
charges o f  thc rod md the ~ n a r n d i i  solution. Thi is  called ekcnodc po(mlia1. I f  
wc can Rnd IIE eekarodc pcnW dcwloprd by dipping it in thc solution. we can 
c a k u h  pH. Such m ckcbodc is ulkd 'Half Celr ud is &led indicator ckctrodc 
11 is not pr r t iub le  to fmd the E.M.F of this hlf cell and therefore, coupled w~th 
another half all ofconmnr v d u  which b called refnme ekchode. 

l u m m n t l c b .  
pH meter with gkrs and calomel electrodes 

.blltcrl.b 1.d rrycmb 
I Glass beakers 50 ml 
2 Glarr rods 
3.  But% solutions 
(a) 0.03 M Paurium hydmpn phth.lrte has r pH value 014.001 at 20VC md 4.02 u 
35*C. Dissolve 10.218 of pourrium hydmgen phthrl~te in distilled wrkr and dilute 
10 I lim. 
(b) 0.01 M Borax solution has s pH value of9.22 at 22'C. D~rw~lvc 3.81 g of borax in 
distilled w a r  lnd dilute to I l im.  
(c) Standard buffer mbkts' solutions. 

P r d u r e  
Take exsctly 10 g of  prepwed soil sample in a clean beaker and add 25  ml of 

distilled waur Shake it ocurioluily by stirring with plus rod and keep it for h u t  
half-an-hour. Then dip the elecoder of  pH mner into soil solution which hu 
already ban checked with standard buffers of known pH The indicalor o i  the ptl 
rnm shows the pH readings dircal:. The pH mclcr should be calibrated routinci) ar 
pH 7.0 and then accuracy vcrlficd by testlng r pH 9.2 buffer. 

I 7 3  Lktermlmtbu of electrical comductMly 
ElcfDical conductivity (E.C) is commonly used for indicnt~ng the t m l  

conceamtion of the ionized cmtitucnls of  solutions. 11 is closely rclaccd lo the sum 
of cations (or mioar) as daumined c h i c a l l y  and usd l y  m b k s  ckmcly with 
toul diuoh~ed r o l i .  hr thc solubk nIn wnrml controls thc ounotic prcuun of 
soil solution. hlghty dine roilr mdw thc wmsr ~vrilabili*. due to high omaic  
pmwe md .bo rtduca avriUil ity of dha a h u .  A hlr ly qwntlPItvc 
estimate o f  the salt -I of solutiaw mncttd horn soils un k mdc hwn h i r  
clcarh l  oonducrmce. 11 is a w i d  md r t u o ~ b l y  p m i x  detminauon Ihac dar 
not l k  or consume my of thc sample. 



PrbrtClc 
W h e n v m a b d d a l W Q d l c b c r o l u M c & ~ d h o h r c d ~ o f f a  

r r d ~ * , l b e p r r ( c o f e b c l r i c a a ~ m ~ c h c m d c p n d i n g u p a r t h e  
sawmmbadcypdbpaac. I f ~ & e h c ~ f c a t s a S * o r h c m  
m C ~ o f c u n ~ n .  m w ( R ) b  Obmr'sbwhdcfirrduthemtioof 
c k c a i c p a n l W ( E ) I n v d u a a d ~ o f c v m n O i n ~ p m r . E * a r i u l  
eonducCivity (E.C) b rhr wm of the miama ud is ntprrncd m recipoul of 
Ohms a u mhoc pn cm As che vdua d E.C c4uhcd fa roll solutions IR ver) 
anfl. it is I h f m ,  c m i m t  to cxprcn chan in milli mhos pr ctr)(imucr 

wtrr~b m d  kpma 
I (;lass beaker 
2 (.ihsr rod 
3 0 O?M pouuiurn chlorldc - Diuolve 1.4912 g of kc1 in distilkd waur and dilute to 
onc I~trc The specific conductance ofthis solution at 25-C is 2.268 mmhos/cm. 

Pmrdrm 
Sune w l l - m  (1 : 2.3) nupenrion fa pH enimmlon nu). be urcd f a  

clocoiul condwtlviry damnination dm. Manwhile thc i m c n t  is put on by 
connecting the conductivity cell to the pmpr ckcmdcs and calibrated with 0 02 M 
kc1 solution Rinse the conductivity cell with distilled warn and then twice uith soil 
wucr suspniion DIP the clcctrodcs In h e  soil-water suspension and the multiplier 
is brought to the suiublc mqp  and thc compensation knob is brou&t to the 
tompmwr ofthc wlution and rod dtnclly the rpciflc ccnductw of thc rolution 

Obumckw 1.d nhbtlou 
E.C m mhodcm (L) - Dial reading X Cell connrnt X mulripliamge 
Mill i cquivrlcnts of s)w lim of roil solution - L m mhos,cm X I0  (appmximatel!) 
ppm of mhr in soil solution - 640 L m mhdcm 
O m t i c  pirssurr of soil solution - 0.36 L m mhdcm 

17.4 Lltm1tbm oforpmk utter 
O I p n i c m r m r I n a m i M n l w i l h ~ u m l n d s x o f Q l a t i l h y n a u r .  

O r p i c  muor h a  dln* rollm o f n v h b m d ~ n a t l  rrd the bcrslcuc ofwhich 
~ u p a n m k m b h l ~ m d b y a ~ c h c &  ntehn*apcky.Thc 
initial roil m pond bottoms uaully is low in orpnic mmra  oma an. Thc organlc 
mmcr from a newly cammtal pond is o h  in form of soil humus and nM 
highly nmive. Onec che pad is A IM  with water, organic m u m  from unalm feed, 
rpplklrion of maum. ded phktcm md fisNpnwn excmwnt colnindly ruches 
thepondbamm.Orpnkamar Qanadqpdecanp*cstymdhten&to 
reumuhm slowly tn pond bottom. 'The apmlc  mamr Eanan of d h  can bc 
obminod hy oqpk cubon trhutkm. 

Determinuion of organic c d m  of soil can k donc by dry combusion and us 
d im ion  mcthods. The dr) comkurm mcthod is m a l  r r u n t c ,  but it is time 
consuming and can na k .died to roils contlining wbautcs. Wet combunion 
methods am suiubk for ur in rolls cont~hl l  urboama, but Q wliution of a 

~ ~ h r * r ~ d I I r l ~ ~  106 
bLncldWrl*..nlon 





l75Ikcrrhcb.  cd.*S.b). .tbq.. hroilr 
7hcirorpmicfmnofnibqa(N)crmthrrrrraydhrcio.ofDulNm 

m o * w i l r d b u I h i s I m n ~ h ~ a p b y o p h d a o n .  Ahhu&coP1wil 
n ~ ~ d a m t a m l l o i l g i ~ r o m c i d s l d h ~ p o v a , I &  
~hld~cOfdhbkmccbodrpvidbg~adnof tbcmi lb i l i * .o f ro i lNhr  
long ka, ~pprsciaal. In u p W  wiaib mi*bk fmn of N which prsdanLPm is 
nitme 054) whik in tbc mbmm@ a lbDded wila ammoohm (Mi,) 
pndaabun. SanstbaaaicrienuybsdakcsdIhabra~)rIrrrmpnkvdcia 
d ~ ~ b a h o G i l d k L p l a r d h t b d a r m h m t k m a f M U . b l r ~ .  Among 
dl(Rna nwdvdr of avllhbb loll N, hc Wiao pamvrp~ur ambod of wbbii 
ndAd)rvbbhbwludrrbwarl lyoxidtvMcapakaiagsa.hrbbcnwm 
have pod conclUicn whh produetfvhy of bnckishwdsr ponds. 

Priwip* 
A Knom weight of soil is mixed with excess of alkaline pocauiurn 

pmunpuute md distilled. w h m  by NIG - N is f e w  (h che oxidisable 
o r p n k ~ ) i n t h f m n o f ~ p r .  T&libedunmoni.irwlkstcdin 
b a i c  r i d  wtth mbod indiona ud timtod rpim Rmd.rd r i d .  

~ - - ~ - ~ -  
l a )  m' Dissolve 3.2 g of KMnO. crysuls sn dlsttlkd 
water and make up Ihr volume up w I Imc. 
(b) -~i&lvc 25 g of pure NaOH pclkts in 1 litrc of distilled 
w m r  
(c) -: Commercially availbk. 
(d) 0.02 Dil: 30 ml of C m .  H2S04 16 I l im with distilled water 
to get rppoximuly IN mock wlution. To nuke 0.02 N HISO* . uk 20 ml of this 
aock wlucim and dilute to onc lim wi!h distilled wuer. Sundvdix thu solution 
ngatnn 0.02.N Na:CO, using methyl onnp as indicator 
(c)  JK DISW~VC 40 (1 o f  b r i c  wid in distilkd water and rnakc up h e  
volume to I lim. 
(0 B . . .  

A n d  99 mg of Bromouesol 
0#n end 66 mg of methyl md indjura ur! diuolvcd in 100 ml ofschyl alcohol. 
This will give 0.1% mixed b d i .  Tlr wlour of the b d i  is mild blue pink. 
T h . p H J p v k l b b n n r n 4 . 7 - 5 . 0 .  5 m l  o f m k . d ~ ~ d b d d d f a  
mry llbs ofbodc mid. 

R a r d m n  
Take 10 g of u r  dried roil nmpk in BW ml disillwion Onlr. add 100 ml of 

0.32%KMnO4mlution. Totha wMmts a d d 1 m l o f p n f f i n w u d f m g ~  
beads. A m h  the l l uk  to dinillaim m ud dd 100 ml of 2.5% NaOH ud c los  
the W, Then avc dinillation and d*a (& d*til*lc in 20 ml d baic rib Atta 
eolkah( I W m l d i r t i l * n t b b a l r r e W b ~ ~ N / 2 0 * a d u d ~ t i i l  
t t u g n a t c o l o u r o f t n d i u m r ~ c o p b t a d o w r t b r d p d a t .  A W  
timcion is dw oonductsd wirhwl d l  rmpk. 



17.6 Dc(mlutb. ofrvllhbk pbapbons Ia alb 
(P) in loil occun rr o&qhs@atc in different f m s  and 

urmbuuuau. A dl pMion of total phosphaur is available to phyaopl&ton A 
wide v.riay o f  roil ehaa i  em arc king a p b y e d  for the emrnion of 
phorphun. Tbc choke fct a suimbk mamod dcpendr l-ly on the cuturc md 
propnln of lolls. h e  to slightly alkaline m*lons of rndority of  brackishwarn 
fish 

Prfndpk 
Ihe pH of the exmaing solution is kept nearly constant rt 8 5 This solution 

extnca P from mlcium p h o r p h s  by lowering the Ca concenmtion b) causlng 
precipitation o fdc i um aa CICOI and nd by incMIing P wncenmion in solutlw 
(burd on solubility pmdun principle). In r i d  roils containing aluminiwn and iron 
! h q h t c &  P ccmca~bmth in solution inc- 8s the pH rises. Secondu) 
precipiution rclctions in acid md clkamxu soils arc reduced IO a minimum ar AI. 
Ca md Fe collccnmtion m i n  at low level in the roil extrrt. The cnvact 
conuining nvulable P on m m e n t  with uidic molyxiate gives phosphomol!hdate 
which is on reduction with SnCI2 develops churteristic blue colour. 'Th~s intensit! 
of blue w l w r  depends upon the P concentration of the r t lut~on which can k 
r n a r u d  u 660 rn by spocmic - 20. 

Rmgomo 
4. &&rd P rotYIlPn LlOO ppnil . Dissolve 0.4390 g dried KH:P04 in 4(Hl mi 
distilled w a r ,  add 25 ml of 7 N HISO, md make up to I liuc. From this standard P 
solution (5  ppm) can be prcpvcd diluting with distilkd water 
B Iitarmcnu I 0  g of crystalline runnous chloridc disrolved 
in 25 rnl HCI by volume. The contents ut wumod. Store this solution in u n k r  
wlav g lur  M s  under a I om of miacnl oll to p m ~ *  from oxygen md light. 
-0.5 :I of stock SnClr solution is diluted to 66 ml 
with dinilkd w ~ a .  
C. 2JK : 25 g ofuamonium molybduc is dlrsolvcd in 200 mi 
of  diaillcd watu II 60.C. In an& g L u  container, dilute 275 ml of phosphorus 
free c a r r n W  HISO* to 750 ml with distilled waer. After both the solution have 
cooled down add unmonium molyMuc solution to the dilute HISO, s lu~ l y  h) 
conaMr stirring. Cool down chc mixture m mom tcmpenturc, m k c  up the volume tu 
I I l&eaCwWI l kd *nn rudnac in  rmberwlatndboale. 
D . p  * 11; Dluolw 428 of NIHCO, 
in diaiUed wusr ad nuke up volume to I l im .  Adjusc the pH of solution to 8.3 
by NaH. 
E. WW.dKd wdh 0.5 hi NIHCO, and dilute HCI Afkr washing 
with HCI, distilled vaa wuhinga should be continued till the leschdte IS chlor~dc 
froc. 



F. w-& 250 m( of D h k q l m o l  is d i v e d  in d i n i k i  waur 
admJ;cupmcvotuacm1oOmt. 
O.fi!5.4mlofMNHrW~bdirolvodbdtEUhdw*cruddi8*sdtoar 
five. 

R o c t d m r e  

0.0.5.1.2,4.6.~.md10ml5~'Pml~irmnrdomda50ml 
volumstr* tblu. 5 ml of Obm'a fapui h rddrd Mowed by 5 ml of 
w l ~ ~ ~ r i d m t r b M r u d l i a * a a a n t o f d i r t i 8 a l w ~ b d d e d . T h e n  
1 a 2 d m p l o i 2 . 4 ~ p b c l l a l ~ b d d d m a s b i M t m d ) 1 l b s / o o l a a h  
d n d q d .  Thar2N&SO~l1Lcdmpdmpwtrtarobhaicfluk1mtilthe 
yallow colwr d i m .  (Thm dw pH of oat w l u t b  la 11 3). Now add I mi of 
0.05 N SKI, in a c h  flask and nukc up the volrtmc m 50 ml with d ia i l ld  warn. 
Then the solutions rn kepi fa mdhg colw immtty within 12 minutes of 
prepantion. A standud CIUYC b dmw bawccn concmmtion of P and a w .  

Take 5 g of soil in 150 mi cMliul flnk and dd 50 ml of Olm's w e n t  
followod by I a 2 g of DuFoOM) (frsc of phaphaur). ShLc the contcnta for 30 
mln in mcchnlul  Ihkcr. A k  Wdq flhcr tbc wlution with wbrmun No. 40 
filter prpr. I f  rhc solution h dll c o h d .  add m e  m a r  mount of Ducd;aO 
and tht umlcmr ue shaken lad the wlution is filtered. Take 2 ml of phosphorus 
extract in to 50 ml volumaric flask. add 5 ml of rulphomolybdic acid md 1-2 drops 
of 2.4 dinivophenol indicator. Add 2H HISO, drop wise until the ycllon wlour 
di-ppur. Then I ml of 0.05 N SnCll is addeQ nuke up the volume to 50 ml. 
Colour intenshy is mernrrcd by rpanronic 20 md phozphorur wmcenb.tion is  
obuid form rtudud atrrr. 

ObwmWon 1.d Cmkmhtbu 
Phorphorus concemntion - y ppn (ughnl) Imm Onph 
50 ml of wlutlon conlains - 50 X y ug p 
2 ml of -1 contains - 50 X y up p 
Actual oxtKl prsplred b 50 ml from 5 g soil 
Thaofar,5Omlofumctsauriru- 5Oy X50 i 2ugp 
Sgofmllconuins- 5 O y X 5 0 1 2 u g p  
I g mi l  contains - y X 50 1 2 X 5 up plg 
p in k g h  - ppm X 2.24 
pinIWrre - p p m X ?  

17.7 DchrmIartba ofmvdbMc pobl lkm h aU 
The tcrm avlilabk k inunpan~c r  td~ -b .ad ~ c r  alvMe famr of 

the nuuiant in mil. Tbo rndiiy aduyrMo p l u  vrr ldubk pavlium b 
d*rmtmdInbbrarutnld.mmmlunrlo*p,.lraaotBdl 



I. Dilutt I14 ml of glacial m i c  r o d  (W.S*i) 
~~TII distilkd wuor to a volume of I litrc. Add 138 rnl of caw. W O H  and dd 
w+ra a pH 7 lad dilute t~ 2 lit wW diailkd wuor. Ahautlvely dissolve 
Mrnmium rmur crysm& (27.081) in 400 rnl of discillcd mte r  and dllrne to I l im 
and djun pH to 7.0 
2. &&&&&&k A Sock rolution of I000 up Wml i, made b) dissol! ing I 908 
g of A.R gndc  KC1 (dried at bODC for I hr) in distilled water and made to I litre 

P d t l r e  
P ' forstmdudcrrrvc. 

0. 5. 10, 20. 30. 40. 50 ppm of k wlurion arc prepared from standud nxk 
solution .Each solution is fed o flame photometn and the reddings ur noted and a 
standard curve is prrparrd. 

b r a t i o n  of wil utaoa: 
5 g of mil is Wen with 25 ml of neutral normal ammonium aceute for 5 mln 

and Altored immediately through a dry Alter paper (Whman No.1). First rwo ml of 
f i l m  my be m j d .  k collfmmtlon in chc e u n c t  is determined by the flune 
photomnec. In the same wa) watm soluble k is cstirmced b) shaking the soil with 
dlrtilled water for one hour and estimated by f l m c  photometer 

o b w n a t l o ~  and ~ ~ J c u ~ ~ o u  
Exchangubk k - Ammonium &xwe exmcublc k . water soluble k (myi 100 8 ml) 

17.8 Dncmlludom of 1011 texture 
The pond soil consists of a mixture of inorganic soil panicles of various sizes md 

organic m n e r  in various strrgcs of decay. The tcxtun of a mud n f e n  to the 
distribution by sizt p u p  of panicks comprising the mud. in order to arscr, the 
tcxturc, a sample of mud is dried and subjected to a mechanical annl!sis Thc 
proportion of lqa panicles may be determined by slcvc analysis mJ Ihc \mnllcr 
panlcles by hydrometer and other bxhn iqw.  It is an tmponant roll propen) becaur 
it 1s closely related to h e  rate of water intake. water rctnining power. the f e n ~ l ~ t ) ,  
eroriom. maim and energy r e q u i d  to fill Ihe roil. AAcr the ttu+c types of panlcles 
arc csbmkd. the roil tenure is dnmnined from the roll texavll virnglc given in the 
figure. Soil tcxtunl diagram is a d i i  by means of which the textural name of 
soil may be dncrmined from mechanical wlysis .  

P r i d p k  
The urn of ccxtunl uulyris of roil IS u, daamlne the p r f e n l q c  of roll 

m e r i d  contained in d i f k m t  size h t i o n s  ud this un be done b) memr of 
mcdvniul uulysis. Mshnirrl uulysis conriafa eurntlnlly of two dlrtlncl 
opnuionr. namely dispersion of the mil to ultimate mil panicles and grsdlng Ihc 
d i q m d  pnicles W i n g  lo their s i x  group. 



anprb 
(a) ~ ' ' '  C. HKh is pllonlly mniLMc at 30% unccnamion. Dilute 
20 ml of Ibis w 100 rnl v im  d'iW waer More malyrb. 
(b) 2 Nlrid I00 ml of cawnmtd HCI m 600 rnl with 
distilled water give ~ p p o x i m t c l y  2 N HCI. 
(c) 2 H i l w  40 g of NaOH in .baa 300 ml distilled unn 
d dilute upto 500 ml whb distilled water. 
(dl JW Dissolve 5 g s i h  n i e  in 100 ml of M l b d  wuor. 

P d . n  
TJir 20 g mll in MO ml bMICU. add 250 rnl of water ud boil f a  I0 minutes 

allow the surpnrion m setlk ud d a m t  the mupunaceat w d a .  W .  d i i s l  the soil 
with 35 mlo16K H a  on a mtcr hlh adding more H a  till no hahing taka p k .  
Add 30-35 rnl o f 2  N HCI ud 100 rnl ofdistilkd ~a ud allow to lurid fa I hour 
with ocurionrl stirring w uuke rhc roil free hm urbaucn. Fihcr the wil and 
wuh hoc of HCI witk ha w a e ~  by tealing with A g W ,  solutiaa. Tnnrfa. the 
~ s p ~ u l o n c o r ~ i a b k g l r n ~ , d d 5 m I o f l N N & H . o d ~ f a h l f r n  
harr. Truuhr Itu mmm m a 1000 ml ul l  cyllndsr. mJu up the volume. shake for 
i minuu ud allow m nud. A M  4 mmum l o r n  a 20 ml pipate m 10 cm depth 
ud colk* 20 ml of ftw content dry It m r 50 rnl bMICU ud find out the welght of 
cla) + silt. Repeal the turn pmoedurr rltcr 6 harn to get me weight of day  a h  

O ~ w l l b u  8.d C.M.tJOu 
If weight of clay + silt be x g 
ud rhrt ofclay only be y g 
IJluL H of clly - y x 2 3 0  

H ofsih - (x.y) X 250 
% of sand - 100 - (x X 250) 



18. ANALYSIS OF BRACKISHWATER 

18.1 Colbab. dw8htupkr 
S i  it is not pwibk to udyse the hck of 8 wwu body, s u n p l ~  which vr 

wnsidatd repnaff . l ive of whok of r mtcr mus vr u)cen for different analyses 
Sampling method depends krgel) on the puuneccr to k musurd. Use only wmpk 
bmks with glass a p b c  aoppn. Unbrak.ble polyethylene d polypropylene 
bottles vc much mom conrmi+m. 

Prlncipk: pH un k mururai more r c u n ~ e l y  and conveniently with 8 pH meter 
and combinanon glm electrode 

I 
L. Pnnmclcr 

pH. COl Alkalmtt~. 
Hardness \ Dluolved Oxygen 

P d r n  (Powllomrtrlc) : TDIU the rnnr utnplo tn a c l w  W r  and dtp IIIC 
electrode of the pH m a n  into it The tnd~utor of  the pH mew shown the pH 
rcsdtngs directly The meter should be caltbrated muunclq at pH 7 0 urlng 
appmpnate buffer solutton and then accurac) vertfKd b) testtng a pH V ? hulTrr 

-- - -. -- 
Preservation 

Add 5 mlfl of  chloroform txcludc ltght and atr 

Fu rhc Sunplc uung two Wmkler reayents. 
unmcdutcl~ Exclude an) bubble 

Primdpk: I t  cm k memured b) tttrating the waur sunple wtlh a standard . f~d 
using mahyl m y .  

[NH,-N, NOrN. No,-N 1 Fnoso a a 5mM o f w  &SO4 
PO‘-P ! Add 5 mM of chloroform or ZM Has01 

Re8gC.b : 
(a) 0.02 N Sulphrrk Acid : Dilute 30 ml of conccnmted li2S04 to I lltrc ~ t l h  

distilled watcr to get appmximatcly I N  stock solution. To make 0 0% H:SO,. 
rake 20 ml of this stock solution and dilute to I livc wtlh dtrtilled uatcr 
SU&udi.c this wlutioa *inn 0.02N sodium cubonate urine methyl omge u 
in indicator. 

(b) 0.02 N Sodlrm urbonnte : D iw lve  5.3 g anhydrous d i u m  &mate in I lllrc 
dini lkd w e .  Dilute 50 ml of this rolurion to 250 ml Lo get 0 02 N vdturn 
calhnae. 

(c) Methyl o n *  indimtor : Dissolve 0.05 g reagent in 100 ml oidtst~lled \*nler. 

~mesdmn : Add 2 drops of methyl orange indicator to 50 rnl of  water sarnplc I f  the 
m p k  renuins c o w  no alkalinity is  rherc. I f  i t  ts yellow. titratc wtlh 0 O?N 
HzSO~ till thc colour turn t.im omr@t. 



Pr(.dp* ( N e p k k a d c  m a ) :  TwMi ty  u n  br d eirbcr by planktonic 
m i n n a  a by nrqmded roil pwiclcr. Turbidity dw to arrpaded roil particles bc 
manvtd by Hcphclo-twbidity m ~ a  which is had m the d n g  of light beam 
poduord by t u n p ~ ~  fbmt Imp ,The grmni*. of light 
rmorcd is (Ilrcn rr 4 me- of turbidity in NIV. The h~ghu  the intms@ of 
w n d  light. the higher the turbidity. 

Rmgeeb: 
(a) Turbidit) free wrtCI 
(h) Sund.td Nrbidity suspmion 

Sd8tl0,l : Dissolve I g hydnrinc rulphoc in distilled wrm ud dilute to 100 ml in 
a volumewic fluk 
Solrtlo,ll : DlroolvelO 8 haammhyka toumb in diailbd anm .ad dilurc to 
100 ml. 
Mix 5 ml euh of Solutions I ud 11. L* wnd 24 houn u 2W. Dilute to mark and 
mtx 7hc turb~dit) of this suspension is 4W MU. Dilute 10 ml of this smk 
wrpmsm lo 100 ml with turbidit) free water Prepare Li ly .  The turbid~t). of 
Ihts suspmaicn is 40 W. 

P d m n :  Wibntc the Innnunan uring mndud ntrbldity suspnrion. Shake the 
vmpk Ihomughly. Wait until air bubbles d i q p w  md pour sunpie into 
turhidimna tubes. Place the Nbe in inrrmmmt md Md turbidity in NlU d i m l y  
horn inarument scale. 

18.5 Tr8anprcory 
A standard Sccchi disc is a circular mnai plau having 10 an radius 7he 

upper surface of the disc is divided into four quadrants. painted in black and white 
ooloun. Tho disc is gndrulty l o d  into h e  he .ad tb W c m )  u which IIK 
uppr turfwe Jun dl- is n d ( d l ) .  NOW the disc is rlowty IiM upward and 
Ihe dcplh a1 which the disc rsrppevr is noced(d2). The vrlue (dlid2)R in un piver a 
mcasurr of t m n s p m )  

111.6 Total Sct tkabk did, 

Rocalmm : Shake the wtcr m p k  vigaawly ud pan I lim wter into ImhoB 
cone graduated at tk bnu end m d  kavc it fot I h. Mesave the quantir] of 
rmleablc nlids in mV1. 



Priwlpk: A dl m i d  swpk is fifmcd though a weighed sundud g h  fibre 
f i b  disc a Oooch d b l e  mdt of porcelain md the midues reujmd on the filer 
is dried m W@ U 1030C 10 IOW. 'lk inorouc in weight of filmr 
roplno cb. lool rywndrd rdidrSa roPl dlwolvod wlldh thr fllmc. is 
snpontaltodtytessIna~gheddish.odbiodmunumntmight. Theincrrucin 
dish weiM rsprrnb the total dlswlvul ml&. 

Pmeodarr: Wash filter disc with thra urcersive 20 ml volumes of distilled water 
using vacum. Continue suction lo remow all tnces of warn. Filter a measured 
volume of well mixed m p k  through !he glass fibre fiber d~sc or k h  crucihlc 
Wash with thm succeuive 10 ml volumes of dinillcd water allouing completc 

betwsa w u h i w  and continue suction for .bout 3 minum alter filmtion n 
comp*(C. T m f m  film 10 8 weighed enpoNlng dish for meuurrmat of toul 
diuolvsd solih. 

TS9: 
Dry f i l tn dixlcrucible containing midues for at leas Ih  at IO3'C-IOST in an 

oven. Cod in I. dcuiumr and weigh. R e p t  the cycle of  drying, cooling. 
delicuring and weighinp undl 8 conmnt is obmincd. 

(A-8) x 1000 
TSS ( m d )  - --- 

Sample volume (ml) 

.4 = O'cight of  filter or crucible + dried residudmg) 
B- Weight of filter or crucible(mg) 

Toul D W v e d  Sdlds: 
E v r p o n ~  the nimo in dieh a dryness on a ncun bath. Dry for atleatt I h In 

an own at 18W. cool in a desiccator and weigh. Repcat drying, cooltng. Jcr~ccattny 
and weighing until a consunt weight is obtained. 

(A-B) x 1000 
Tocal dissolved solids(mg4) = 

Sunple volume ml 

A - Weight o f  dried nridusr + d W  (ma 
B Weight of  dirh(mg) 

Prtadpk ; The salinity of sea water an ts & m i n e d  by titrating the pec~pitablc 
lulidcs (CI',Br' and 1') with silva nimrc solution as silver chloride using a chrtnnatc 
end point. du mohr timtion.(Rapid low pmision method) : 

Ragma : 
(a) SUver dtrak d m h  : Dissolve 6.82 g of pure ApNa in 250 ml of dtaillcd 

w e  ad rtac in a dark bonk. S t d a d i n  lhc solution by tiuating against 
audvd sodium chloride mlution using prnutium chromate indicutor wlutton 



(b) BbHLud wdlmr clbr(dc rd.h : W v e  2.06 g mrlytiul N.CI in 250 ml 
o f d i i i l h d M .  W m l o f l b i s N . Q ~ 5 ~ o f C ~ .  

(c) I d l a l o r  d l h a l  d.tb.: DiPoln 5 g pauriwn cbmapc in M) ml of dinilk4 
w.bcr nd dilu* to 100 ml. 

P m c * d m r r : T o 5 m l o f n m p k . d d a k r d m p o f ~ . T k . * ~ n m d u d  
silvun)uac ldution w l t h c o n r ( m ~ o f f l n k , & l t b e  wbujtwctunga 
pmrwsntly horn yelhm to brown d ud will not remm to yellow with W h e t  
rhrking. Sl l inanda  (Refncumar) : Low pabion W i  ma~mvnu in the 
f ~ l d  un also k nuk using k l inamcn.  

c u m  
chlarlnky (ppc) ' volumc of *, used lor dmnion 
Salinity (ppI) - 0.03 + 1.605 x Chlorinity @pt) 

Pr lu lpk  . DO can k d*cnined by Winkkfs method. In this method a divalent 
manganese wlulion, followed by stmng alkali is dded  to the runpk. Any dissolved 
oxygen rapidly oxidivs an cquinlan mount of divalcnc mrnplnctc 10 b u i c  
hydroxlda of hlghar v.lcncy status. When thc s o M m  is acidified in p r a m e  of 
iodide Ions, tho oxldlrd mm#mme lau lpln mvsru m dl& mte ud iodine. 
equlvalm to tk origtnrl dluolved oxygen ccmom of the warn. ia l i h a c d .  This 
lodlrn is titnted with standardis& thiosulphate solution. 

R r a ~ r n b  : 
(a) W1mW.r A d m t i m  ( M ~ g a n o u s  ~llphm) : d i d c  480 g MaS04.4H& or 400 

g of MnSOd.2H~0 or 365 1 of MnS01.&0 In d W I W  wter ud nukc up the 
volumr to l Ihm 

(b) WlnWcr B d a c l o a  (alkaline kdide) : Dissolve 500 g of dim hydroxide and 
300 of poussium iodide in 900 ml of distilled ~ater and make up the volumc to 
I lim. 

(c) Shm&rd thlamlpbmlr rdmtba (0.025 N): To pmpm 0.1 N sock solution of 
sodium thiowlphte. diuolvc 24.82 g of cryrulline Na2S&.5Hfl and 4.0 g of 
b o n x  w 8 p*rrvative in 700 ml of diailkd water and makc up the volume to I 
Ilm. SPndvdix the rtrsn* of this wlution to oruccly 0.1 N by dmtinp w i n s  
0.1 N po(.flium diohmmuc. To nuke 0.025 N thio solution. dilutc 125 ml of this 
mnd.tdld mock solutkn(0.l NJ m 500 ml 

(d) Cmcnlracd smlpbmrk acid. 
(e) 0.1 N p o M r m  dicbmmatc : Diuolvcd 4 004 g of dried and cr).stallme 

KzCrKh in l lim 
of distilled warn. 

(0 Sarch deck . (OJ%)  : Add 2.0 g mrcb ud 30 m l 2 W  NcOH solution in 350 
ml of dlsdllod warn. Stir d l  r thick. .tmo* du mluria, i s  obhinud. 
Neutnli+ tk alkali wlth HCI md r i d 1 6  with 1 ml of glacial verk wid. Finally 
dilute the solution to i lim with disilkd water. 

P d m m  : Collect the wcr ample in Sopped BOD batk rad dd immediately 
I m l o i ~ s u l ~ ~ w i t h a p i p a f d b w d u a r c b y  1.0mlof 
alkrlim iodide solution. Rcrroppr che bonk i m W i t c l y  d mix che Cc4UCnD 



I h ' a @ y  by rbJrias Odcnbpafioocuknrptcipiwc. No airbubble rhould be 
la hc boa*. Md cmxamed lutphuric r i d  (.bout I ml) to dissolve Ihc 

~ . T r a d a 5 0 m l d d b d w d . d ~  i n toacmiu l IWi .T i -a t -  
~ O . ~ N n m d r d ~ ~ u n t i l a v y p . L o ~ b l w e o l ~ m r l n r  
Add swch(.ban S ml) Mkuor ud continue h a  h e m  until the blue solow 11 jwt 
disdw@. Solution should ronuin colourkrr for U lola 20 recondr at Ihc end point 

V ~ w l w n c ( i n  ml) o f N ~ S b ,  of nomulily N required for t int ion 
v, - M ~ U ~ W  of WUW ~ l l l p k  M. 
If N-O.MSNmd Va -5Omlfi-m DO(ppm)- VI 14 

M a ~ m c n t  of DO by DO meter: 
DO can alro be mcaMed by DO m n  (YSI. USA) in field 

P r lndpk  : COD Is a mcum of org.nic matter and rrprrrenU the amount of oxygen 
r e q u i d  to oxidkc the organic mucu by m n g  oxidizing chemicals(po(assium 
dichmnate) under acidic condition. The excess dichromae is titrated with standard 
ferrous ammonium rulphate using ferroin as an indicator. Mercuric sulphatc I S  dddcd 
to complex the chlorides. thereb) effectively eliminating the chlorides ~ntcrfcrcncc. 

Rugcots  : 
(a) 0.05 N P o t u i a m  dlebromate : Diuolve 2.452 g dried, crysc.llinc Kf raOt In 

diailkd w a u  and nukc up the volume to I liue. 
(b) 0.M N Q*rronr ammoolam r u l p b t a  (PAS): Dissolve 19.61 g of 

Fe(NH,h(S04h.6H20 in 800 ml of d~stilled Hater contuining I ml of Lonc 
sulphuric acid. and makc up the voiumc to I litrc. 

(c) Mercork r a l p b t c  
(d) Qerroln h d k a t o r  : Dissolve 1.888 g of 1:10 phenanthml~n monohydmtc and 

0.70 g of FeS01.7Ha In 100 ml of dinilkd w u n .  

P r o d a n  : Pipenc out 20 ml of w.(a sample into a 125 ml Erlenmeyer flask Add 
exactly 10 ml of 0.05 N KzCrfi solution to the flask. Add 200 mg HgSO, lor each 
1000 mg per liae of chloride(HgS0. : CI :: 10 : I). Swirl until thc tiyS01 is 
dissolved. Add wefully 30 ml of cow. H2S04 Cover the flask with watch glaa and 
allow to stand for 30 min. Add IS ml of distilled wacer and 3 drops of fcmoln 
indruto, and t i w e  the whole d o n  mixture with FAS of m e  normallr). Prcp.rr 
blu* with 20 ml dinillod W u d  the m e  pmcdum. 

Cnlcnhtbn : 
(&S)xNx8000 B - Titre value for Bknk ~n ml 

COD mg4 - S- Tiwe value for m p l e  in ml 
V N - Normalily of FAS 

V - Volume of sample in ml 



Procodan : C o l h  chrr wma vmpks h au sk imo BOD boak following 
h c  pmcadum fa DO. IMemh thc thc level h m of heoe n m p k  whilst h 
renuinins Wo l unpkr  ue firmly aopprcd d plvcd in M incuimtor at 20" C in the 
dark fa 5 &ys. At rhe end of chis rime. tk DO kvel ir &tnmincd by the usual 
WlnkMr Itmlion. 

C.*.L.tb. : 
1nili.l DO - D. ppn 
F~mlDO(aRerSd .y l  b~~ubc t im) -Dppm 
BOD ( reduction in W )  - (D. - D) ppm 

In heavtl) polluted lunp la .  il is muvy to diluw !he ampk with a Linoun 
u n w t  of c l u h  u r  suutlUed w m ,  m u to obuin required dilution (~bnon 50%). 
Siphon wi Ihc mixed m p k  imo two sen of rpccidly designed BOD bottles. ow uc 
fa incubtion md rhe oUvr for dcrmnitution of initial DO. 

Cakrbcb. ; 
Initial DO - Do ppn 
Fiml DO - D ppn 
REducriontnDO- D,.D-D,,ppm 
Dilution water initial DO - DI ppm 
FimlDO -4ppn 
Roduc t ion inDO-DI-b  -Dnm 
b t a e d u c d o n d w u , . u n p k - R t . D n p - D ,  
BOD (ppm) - D, x Dilution hem 

Priadpk . W a a  m p l c  is euted In an alkaline c i m k  medium with scdlum 
hypoohlalo ud pbmml bs tba pmma of d m  niOopnurik whish ru u I 
crulymr. The blue b d o p b o l  colour famd with unmooi. is m d  
rptaPphaan&lly. 



P r o a d m n  : Add 50 mi of mmbr to an Erlcnmrya fkflr from 30 ml mcs~urinp 
cylinder. Add 2 ml of-1 soltuim~, swirl to mix and rheo add in scqucna 2 ml of 
Riaopuoride 5 ml of oxidizing solution. Mix after erh addition by swirl~ny the 
fldrr. C o w  tbe f luks with duninurn foil to Icuca the conuminrti b) 
umorpbcrk m o n L  lad dlow the flulo m nud af room MnpdMwr for I hr In 
&. Thc colow is mbk f a  h 24 hr .Aa the reaction period. Read h e  
rbrorbure rl 640 nm in a spcctmphotanetcc wins blank or distilled water using 10 
cm wll. C.rr) out the method euctly u described above for blank also using 50 ml 
of dc-ionizrd mtet. 

CrLerbtk.  : CdcuLoc cbc m o n h  carmntmtlon by wine ulibruion cum. 

S t a h r d  cmrve : Dluolve 0.9433 g of mdyUul  reagent quality unmonlum 
~ u l p b r t  in 950 ml of distilkd wsm. Add 1 ml of chloroform and make up the 
volume to I litre. Store In refrigerator, sheltered from svong list 'This ~ o l u t ~ o ~ i  
contains 2OOppm and is mblc  for many months if well stoppered Preparc a series of 
standard solutions from this stock solution ud car? out the method exsctl! a\ 
dercrikd above. A R n  colour development, measure absorbance at 640 nm and 
prcpuc 1 caiibnt~on curve fmm the absorbance ofa d e s  of mndards 

Prlnclpk : The nitrite in warn is allowed to react u,ilh sulfanilamide in an uc~d 
solution The mulling diazo compound is reacted with XED and f o n r  a h~ghl! 
colovnd azo dye. 

Relg8.b : 
(1) S.Uul l . r ldr  wlmtlon : Diwlve  5.0 g of l u l f i a i h i d c  in 1 mlxtwc of 50 ml of 

cow. HCI m d  rban 300 ml of distilled w m .  Dilute to 500 ml w~lh distilled 
water. Thc solution is rt.bk for many month. 

(b) NED (Nil-nnpLcLyl)- cthy*.c dhmlnc diLydrocbloroMc solollon) Dissolve 
0.5 g of thc dihydtochloridc in 500 ml of dirtillcd watcr. Store the solut~on ~n a 
&I+ bonle. The solution should be renewed once a monlh or d~rccll) a strong 
bmwn wloumion dcvelopr. 

(c)  StU&rd mitrltr: Dissolve 1.064 g anhydrous, uulyrical grade potassium nitns. 
KN%(dricd .t 105 C for 1 hr)i distilled wurr. Add I ml S N NaOH and d~lulc 
to UO mi. Thk wlvlha ooarinr 700 K@ nitrite-N m d  -Id be Mnd in dark 
boak  wid^ I ml of chlaotorm u r pmmmdvc In rcfripruor. Thc solution 11 
abk for monl monrhr. 

Praedare : Add 1.0 ml of rulbnilunidc solution h 1 pipem to each SO ml 
runpkmix uddbcbc1ugmntorsrcforwxcrha2minuk bu t l eu thm 10 
mtn. t~ .mm r -*a raccbn. Add 1 ml of NED mgem and mix immediately 
L a v e  fa 10 minutes ad thm muum the & o h f W O D )  of' the m p k s  and 



P W p & :  Nimccinwnnnnrp*ursducsdrtmongUPltiUriWlYtonitritC.The 
nitrite pmducod is demmined by dLLairinp wtib rulfdulilmidc and capling with 
NED m fom I bi&ly cdorned ao dye u Z I i  can be murwcd 
7 l ) y .  

Ralna 
(1) r)WI d m ( 1 0 U  : 23 1 plmol In 500 ml of di*Ukd -. 
(b)NIOR: 1 3 5 # L n 5 0 0 m l o f ~ M b d v a n .  
(c) Bafbr r w ~ t  : Mix q u r l  volume of phenol r d d c m  and NaOH solution. 
(d) Copper ralphete lolrtbr : 0.1 g in I litre distilled warn. 
Ie) Hyddmt  ulpbate : 3.625 gin 500 ml of d i l l e d  water. 
(0 ROddm1: 1cC.t J ml of copper su lpbe  soluticm to 5 ml of hydrazinc sulphate . .  . 

A c m e -  
(h) Smlf~albmlde ; Mvolvc 3.0 # in 30 ml of m. HCI ud nukt up the volume to 

300 ml. 
(i) NED : Diwolw 0.5 g of NED in 500 ml of distilkd wucr 
fj) Nlintr stamdrrd drtiau : Dissolve 0.361 19 g porurium nitrate. KNO? (AR 

drird u 105'C) in 250 ml distilled water. Dilute 100 ml of this wluticm to 1 litre 
with distilled wlsn. mihis final solution wnbins 2 ppm NO,'. 

P W r m  : Takt 10 ml of umple md rdd 0.4 ml of buffer and mix ud cbrn dd 
0.2 ml tvducing agent md k w p  the lube in duk f a  24 hwn. Then dd 0.4 ml of 
acetone md a* 2 minute# add 0.2 mi o l s u l p h n h i d e .  Al tn  3 minuar add 0.2 ml 
of NED mlution md ahcr 10 minutes, m e u w  be a b s o h u w  at 540 nm in a 
mmphatm*. 

14.15 Total P  end DLuolved rmclivt p b a p h r w  

P W p *  : kDmonlma m o w w  ud pooaium tntlnay. umna n u t  in wid 
medium with W h b d u t e  to &nu a h&mmolv ud- obaahmolvbdi  r i d  ttut i s  
reduced to inopcw~y wlbund molybi+mwn blue by &ic bid. 

. 

(a) Salpbark acid: 5N : D i l m  70 ml conc sulphuric wid m 500 ml. 
(b) Pothrlam mm(LIMy taC(.rnb: D i n  1.3715 gm K(SbO)C4H106.IR HZ0 

In $00 ml oldiaUkd warn. 
(c) ALU0.Jmm -#1I8 ddb. : OlPOIw 10 (NH4)6 Mo7024.4H20 in 

500 ml ofd ld lkd  wltcr. 
(d) bwrbk d d :  O.0IM: D i m l ~  1.76 gm ucarbk acid In 100 ml of diadlkdc 

wlter.roMcfff I w#L;uloC. 
(c) Colblmd -1: Mi $0 ml of 5N 1N + 5 mi hmskn .ntbronj 

u m n a o + I S m l r m m o a i u a , m o b . b b a e y m + ~ J ~ r ~ I f a r M d i r ) .  
ahkeMtilhuMdhydinppnmSoMsfa4baa. 



Shmd8rd d u t b a :  Dilute 50 ml of stock solution to 1000 ml with distilled water 
I r l - 2 . 5 y P O a - - P  

R o c d u n  : To 1 0  ml wMer nmpb ia thnmrya llu14 dd 0.05 ml (I drop) 
phenolphthlhac. If rod wlour appcan, dd 5 N rulphurk to d i sh=  cht 
w l a n .  Add 8 ml canbined rugem ud mix thoroughly. ARer 10 minuvs to 30 
minute, masure abmtme of mnpk a 880 nm using rupnl blank rr rhc relercnce 
solution. 

Total P 
I. Add 8 ml of p&um p m l f u c  solution into r IW ml contul flask 

conuining 40 ml of sample. 
2 Mix well and wvcr thc mouth ofthe nark with aluminium foil 
3.  Place the coniul W in 8 autoclave for IS minutes under a presence of I! 

Ibs. 
4 .  ARer that, m o v e  the flasli. cool the contcnls and malie up the volume to 00 

ml with distilled water. 
5. Then, follow rhc same procedure as mentioned above Ibr inoryan~~ 

phorph.tn. 
6. Calcuhle the organic. P by deducting inorganic- P from total- P 

Prlodpk : Calcium and magnesium ions arc tiwaled u i h  h e  complcxing agent 
ethylene diaminc tetr8 acetic wid d i d i u m  uh(EDTA) to form the stable complcreh 
Thc end point ofthe tlmtioa 11 rllpulled with m indicator ullod Erichmm b1ack.T 

Rey+.b : 
(a) Buffer rdolioo : Dirolvc 67.5 g of ammonium chloride in 570 ml of conc 

ammonium hydroxide. Dilute to 1000 ml with diaillcd water. 
(h) Erkhrome b k k - T  (EBT): Dissolve 4.5 g of hydmxyl m i n e  hydrochloride nnd 

0 5 g of Erichrome black-T in 100 ml of 70 % erhanol. 
l c )  Standard a W n m  solution : Transfer I 0 g of anhydrous calcium cnrk~nate to o 

I livc M a .  Add I:I HCI slowly to dissolve the calcium carbonate and dilute to 
about 200 ml with dirdlled w u u .  Boil for 5 to 10 minuter to expel cubon 
dioxide. cool end d j u s l  to pH 7.0 u d*ermincd with a pH meter, with 3N 
N W H .  T m f n  to a 1000 ml volumetric flask and dilute to volume with 
distilled water. 

(d) Sfudnrd EDTA dutlon : Dissolve 4.0 g EDTA disodium salt nnd 100 mg of 
MgC11.6H@ in distilled wrter and dilutc to I lim. The solution musl hc 
nudvdized again# the rondud u k i u m  solution. Pipnc 10 ml of the mandud 
ulcium s o l d m  into 12SO ml bukn ud add 90 ml ofdirdlled wucr. Tllmtc the 
h i m  solution with EDTA solution lccordtng to L s  procedure (tivsn belou. 
Compvr the d r r i t y  ofthc EDTA solution wilh the equation NV - N'V' 



Whae. T - Vdume in ml of E M A  w l u h  
M - Moluiry of E M A  solution 
S - Volume in ml of vmpk 

h y # t ,  
(I) Hydro~Uof+c rcld HCL, W. 
(b) Shld.rd kdlae d w t b r ,  O.02U)N Dissolve 20 to 25 g K I  in a linle w a n  and 

dd 3.2 g iodine. After iodine ha dimlvoi. dilute to 1000 ml and shdard~u 
alpina 0.0250 N N s S f i ,  wing lrwEh solution u i n d i i .  

/c/9h.d.rd d t r m  Nk*rl(.te d r I l o ~ .  0.0250N: Dissolve 6.205 g 
NaZS203.5H20 in dirtilled vun. Add 1.5 ml 6N NaOH a 0.4 g mlid NaOH 
d diiutc to lOO ml  

(d)  Sbrcb Solrtlor D ~ m i w  2 g nvch + 0.2 g salicylic acid u a prrscwat~vc In 
100 ml h d  distilled warn 

P d o r r  : Measure from a burme into a 500-mI f l u k  M r m w n  of iodinc solut~on 
eninutcd to he M excess over the mount of wlf& present. Add dinilkd water. i f  
neccwr). to k ing volume to a h  20 ml Add 2 ml 6N HCL. Pipt 200 ml sampk 
inlo fl* dirhuging sample under wlution rurtrcc. If iodine solor d i m  dd 
mar  iodine so r)uc cola mnrh. h c k  t ime  with Na2S-h solution as end point is 
approwhcd, md continu@ until blue color dismppeur. 

Cakrlrttloa 
ml ofO.O?5O,Y iodine solution ram with 0.4 mg S- 

[(A I BHC r D)] r l((dQ 
y ssn- 

ml u m p k  

whm: 
A - ml iodine solution, 
B - normality of  iodine rolutiar. 
C - ml N S f i  wlraion. uld 
D - nomuilty of N&w w l h .  



diffacntiuion of chlorine wks is ~OI q u i d ,  the pomlurr nu) k simpl~lied to 
give only fm ud canbii ~hbrin a mul chlorh. In the a b z m  of iodide ions. 
f r u  chlorine insur~U) wim DPD i n d i i  IO prcdvx a red wlour. Subrqucn~ 
ddicion of iodidc ions f l P l ) 4 4 l y  IO uusc chioruninc.lmm & di) to prdw 
wlour. 

Ralaa 
(a) PLopL.tc b a l k  d m t b . :  Dissolve 24 g anhydrws NqHPO, d 46 g 

anhydrws WW1 in distilled w W .  C o m b i i  with 100 ml dinilled uater in 
which 800 mg dipodium nhyknediunine vvruceue dihydnlc (EDTA) haw 
bcm diuolwd. Diluic to 1 L with dimilltd wuer .nd dd 20 mg H&l> to prevent 
mold growth ud in the free chicrvlc ton caused b) an) trace 
mounts of iodide in the nrgseu. (CAUTION: Ir mlc - t a b  c m  m m r d  
l ~ s l i o n ) .  

(h) N, N-Dk*yCpknyknediaml.t (DPD) indicdtor solution. Diswlvc I g LIPD 
oxdiaa. ' w 1.5 g DPD sulfate pcntahydote. or I I g anhydmus DPD sulfntc In 
chlorine-fra distilled water c m i n t n g  8 ml(l + 3)HlSO4 and 200 mg d ~ w d ~ u n i  
EDTA. Makc up to I L. nm in 6 brown g l w - s t o p p e d  bonk In h e  darh, and 
d i d  when discolored. Periodidly check wlution b l d  for abrorhncc mi 
d i d  when Ibrorb.ncc u 5 15 nm eacoedc O.OOtJ cm. CAUTION: fhr oxulur. 
N IOXIC - I& cam 10 mid lngerrion. 

(c) S(ud8rd ferroaa 8 m w a i a m  rmlIate (FAS) titrunt. Dissolve 1 106 p 
Fe(NH.h(S0.h. 6HlO in dinilled water conraining I ml I + 3 I{lSO1 and make 
up to I l im  with frcrhl} boiled d ccoled distilled waar. l h i s  srsndard ma) be 
used lor I month, and the t ier  checked by potassium d~chmmstc. For this purplu 
add 10 ml I + 5 &SO& 5 ml cmc.  H r p 0 ~  ud 2 ml0.1H buium diphmylmine 
sulfonuc i d -  to r l h l  umplc of FAS and titraw wlth 0.100 N primary 
m n d d  pouuium dichromm to a vloln end point that penins for 30 9. Thc 
FAS titrant is cquivaknt to 100 &g CI rr CI2: 1 .W mi 

Procedure : Mix 5 ml each of buffer reagent and DPD indicator in a con~cal flask. 
T h  add 100 ml of sample (upto 5 ppm, if > 5 ppm use diluted wnplc)  and mix and 
rima rapidly wiL rlandard fmws mmonium rulphale ribant until red colour 15 

d i r h q e d  (time value A). For combined chlorine, add about 1 gm ol Kl ,  mlx and 
then wnlinw timcing until red w h r  1s d ~ u h u y c d  =in.(titrc vrluc B). 

Cdcal . tk .  
For a 100-ml m p k .  1.00 ml standard FAS titrant - 1.00 mg Cl as CIdL 

A - Free chlorine 
B - C o m b i i  chlorine (monoshlonminer ud d i sh lominer )  
C - (A*) - Toul chlmbe 



19. APPLICATION OF MOLECULAR -Ours FOR fOOb SAPEN 

IcKxI(ILuI 

The pollution of soil ud watu witb x d i i c s  is widaprrrd in the 
mviraunmt ud IS crating maja balth poMcM. Havy meub wh'ich arc 
dudrrtpdfmnekump~hduny,msPlfioirhins,krtbrrolninpudfhmM 
p a p m b n h u @ d v s r r h p d m c h r r g u m i f ~ p s * s u t b e y a ~ g r h e  
c u n m l l i v e  polluunu which uc nol arbjal to b&wM rmJ a aha brukdown 
and m pmuncm d d h ' i  to the muinc cnvimmmn. Pen'iida lhrt vc primaril) 
of apticultml origin m y  ccatMiaUe q w t i c  caqslcm Persiaem wganic 
pollurn& (POP) and other p n i s m t  b i i u m u h t i v e  toxicants (PBTr) pox a 
serious environmmtal b d  bcuusc of lheir pmirtencc. toxicity lad lipophilic 
marc. The utiliz8lim of m i c m a p l n h r  to ckan up & i s  f m  a pollutcd 
mvimnmm rrpornu r potemid solulion to sucb onvirmnrraPl pobbnu. 

b l e d p e  uid mmlmtng of mlcroblrl s b l o ~ y  is mqutrsd to pedh nutrient 
fluxes ud to wlyze the htc of po l luun~  which help to optimize b imedia t ion  
perfomuncc. Thc b i o c h i c r l  importurc of biomnediaon i n d i i  a need for 
dcvelopmml of reliabk met* for identification of these org6nisms in nature. 
Moleculu dotrction sylumr. which do not rely on m d i t i o d  cullintion .ppur to be 
pmm11Inn . h a n u l v a  f a  axrmlning rniaobii d i m i t y  and funaiorul genes. 
Moloculu mnhods k t  chr he of fiu&xul directly involved in the 
chemiul pmeu of Intnra.  Nuckic acid methods b a d  on rguencing of clone 
libraries povidc rguencc ud the phylopnetic infomution of individual clone. In 
ddilion, identifying functional genes directly involved in the chemical process of 
interest could complement 16.3 rRNA gene based approaches. 

An undemand~ng of microbial populations in the system is v q  imponant 
rime biodirmity may play a mqja role in enhancing bionimulation ud indigenous 
bicuugmmt.tion pdicmbilhy ud reliability. In addition, U y  on kncr knowledge 
of thr mlcmbhl mvcnvl In thek nrmnl h a b i w  is wful for a mwe nccumc 
undenunding and modeling of the nitrogen fluxes. 

19.1 Molcrubr bldgk.1 cbanc lc rb r tba  of clcmditbrsmtotrophr 
Nilmgen fixing butcria play an important role in conversion of aunospher~c 

nitmpm into unmonl, which o x i d i i  to nitrite and nitntc by nitrifying bacteria. 
h i t r i fy in#  bacteria convert8 n i m k  Into lbnorpheric nilmgm thmugh the fornution 
of n k r o p o u s  metabolites. Chmnoiithorutwophic sulfur oxiduing &mil (SOB) 
makes m i m p N n t  contribution in oxidation of reduced sulfur compounds such ar 
sulli&, elemental sulfur. plflhionates and lhiosulfatc in c d  a q w u b .  

A kntr knowledge of the srmcrurc of lhe nitrifying ud &nitrifying 
communities in heir  nrhvll L b h s  is required for a mon accurate undentanding 
and modeling of the n m p p n  fluxes. Molecular detection systems which & noc rely 
on mditional c u h l w t h  rppar m k pmmiring rlctmuivu. M a  of Uw m o k u l u  
~~mth. .colo lyolmiuobrmbudmth. i lmorianlgaer .*michm 
uplolad for dwdapiq pmba or phmn. b thb cumah mobouk m a t w h  
b d  on DNA rpwadas of c h  I i b p k c  pmtidc awcl  mqucux infamation .nd 
h e  phylopndic idandfifltim of iadtvidual c h  



Rccu111y. m d a u k  tcckqua haw ban used to nudy micmbid populat~on, 
in l d i  awarl 4u.~h1rc, w u u  1 -.ulpr W M n r .  Chcmolithoru~ouvphlc 
krvl hve ban c- for which b c t i a u l  genes w m  lupeted. Tk 
n u c k o t i  q u c n a  of h n c t h a l  gaws & m i n e d  haw ban deposited In IIIC 
GenBanL; *. This has a poccntul to shed light on the e c o l w  of uncultud 
orpnimrr mrponribk fa ammonia ~d wlfide oxiduim md for mllting 
b i i  Snregy in toad shrimp qruful tun.  Thu  m d y  wUl have u n p r l  on 
the modplta( of  nurim flux born cauc.l wll. 

The mokculu memod, died light on the ecology of the unculturrd organisms 
and their population changes in aquaculture environment An understanding ol 
miuobial populations in the system is m) imponmt since b~odivenit! ma? pla! a 
major role in enhancing indigenous bioaugmentation prcdictehility and rcliahllit! 

19.2 Real-time PCR 
Soils ur eaimmed to h b o r  up lo 10'' brteria of rbout 10' dimrml 

ribol?'pcs per gnm, of which mom than 95% can not be cultured by present methods 
Cultivation-dependent analysis of diversib of cnuimnmental unmonio ox~dirlnp 
bacurir is difficult lad exmancly tedious due to the slow grouth rates, long 
incubation period and the small size of lhc colonies. Both MPN and plat~ny mcrhod?, 
have qualiutive and qwntiutive biases. OvergmwUl of other organisms occur durinu 
the long incubrtion of 1-4 months. Micro wlonics formed do not have distingulshinu 
fearurn and therefom il is dificuh to recognize nitr~ficr colonies unonp 
wnuminued coloniu. Monovor, che MPN m*hod undcrenimaus the nlucfler 
population by 10 lo 100 times h u a e  of media selectivity, pmiculsv matter and 
clumping, w h e w  cultivation-independent molecular tcchncqucs helps to rcco\er thc 
entire diversity. 

The value of molecular lcchniques for addressing problems in marirlc bli~lug) 
has only recently begun to be cherished. M i c m y  for the detection of niucfyiny 
bacterih hs dmwbck  of iwr muilivity. In h e  cox of FISH technique for 
q w t i f m t i o n  of nitrifying bacteria, them is unccnainty about the reliabilit) of the 
quantification data. Conversely, real time PCR has shown much higher sensttlvlt) for 
the detection of nitri&ing bacteria. The real-time PCR techniquc i, b o x *  on 
continuously monitoring fluorerenee throughout thc mclion. This is made posh~ble 
b) adding r du l ly  labeled flumscent probe that hybridizes to thc lunplalc In each 
cyclc. The flnuonrmt emission from one of the dyes. the reponer dye, is quenched 
by the emission from the other dyeu l l sd  quenshcr. Due lo fme resonance energy 
v w f a  0 and 5'40 -3' nuclcuc nctivity of the polymenw, probe gets cluvcd. 
which in m s ,  inauvs the mission from the qmnn dye. Ouantificatlon of DNA 
by real-time PCR is bared on mcasurcmcnts obtained durlng h e  earl1 exponentla1 
phw. when amplification of lhc PCR pmducl a first detected and the unuunl 01 h c  
amphfbcd pruduct is proportional to the conccntntion of the tcmplalc DI?; A.  

h d-time PCR uulyres, qwtifcat ion is b.sed on the threshold cyclc CL 
which is i a v a r l y  popariaLll to the loguidun of the initial gene wpy number 
Real-time PCR for caimuion of ammonia o x i d i i g  bacteria, w u  found to be ~ v e n l  
&r tnqninde higher than culuvc dependent methods. Simullmcou quanurdlon 



19.3 S.mm.r). 
Mohukr mntKds dctm the pmvc of thc pna nspauibk f a  bw 

kgmluii of uprbiliiy. vhm tbt mokculrr @wry is known. A beam kmwkdge 
of tbw rmctiaul pnu is rrqubd m ds*abp molaukf lppovha f a  
nvhmmrnul radk m dm oalo&y of mbobiri popllt)an. One c h i d  
molecul.r appmch is w i n g  chc rlboromrl pem. In lddition. idcntlfying gene 
d i m l y  involved in UK chemical pofar of ia*nm could canplanan 16s rRNA 
gene hrsd .pporhn. There mobcuk W q u c r  m pvcd to k marc effective 
in h i m  of  low copy numbm of olpc v. 



Recision rrfcrr to agrecmd of two or morr rrplkatc defermirutions o f  a grven 
value. Acc- r c f m  to the cknness with which a measured value appmsches the 
true &. To illustime precision md mum,. consider thc determirutions of 
dinky by fan sndmu. in- dstamlnd (bu the vmpb had a u l ln lb  of 
25.2 ppc ~~ a be tbe true nlw) The rorulu ue givm in Table I 

The k c u m y  o f  pmdures  cnn be checked by adding a k n o ~ n  amount of ~ h r  
substance lo be mawrcd to distilled water, analyzing the resulting W d a r d  solutton. 
and determining how clov the manvcd valw appppmachcs the true value lrcprexntcd 
by thc ~ ~ a ~ e n ~ a t i o n  o f  thc a t d u d  solution). I t  is again more desirable to determlnc 
!he m c C w  of  a method by musumncmr involving natural w m .  This can be 
.chinad by c- of the nrbnure in nuunl warn and h n  
dding a known ~ a u u  o f  the subsurrc to the natural water uxi dncrmln~nfi the 
percentage w v e r y .  This technique, a i led  spike mover). is illustrated h1r !he 

Studat 1 RepUate I ' s t d i r d  
a /bit 

I 1 25.1 1 25.2 : 24.9 
2 1 23.1 1 23.2 i 23.0 
3 j 22.1 1 20.1 i 233 
4 1 22.2 1 23.2 / 28.7 

SNdent I obtaincd both high precision (low standad deviation) and accumc). Whilc 
Student 2 achieved pood paision, m u m y  was poor. Student 3 obtained Ion 
accuney .nd low precision. Student 4 oblainsd good fficumcy in spite o f  Ion 
precision. Obviously, the moat hinbk nrulu warn thou of S ~ d m  I. 

Relative rsumcy  may k exprerusd as: 

Perecnt rclarive 
TW value - m w u n d  value 

x 100. 
TW value 

10.1 PrsL ion  and Aeerncy C b s i u  
Once an mlfl has accepted a cenain method of analys~s, obtn~ncd the 

necessary reagents and equipment. and l e a d  to perform the analysis, prcclslon of 
the measwemenu should k c d m m d .  Recision can k d m i n c d  on m h r d  
solutions o f  the subnancs to be meatwed, but a better procedure is to obta~n rcnl 
uater rvnples and mrLe the v i s i o n  estimates on them. An acceptable procedure IS 

to obtain three water samples: one low, onc intermediate, and onc high In 
concentration o f  !he substance to be measured The analyst (hen maker a numhcr 01 
rcpet~tive measurements on each sample and calculates the nlcan and standard 
deviation or confidence interval for individual mc.suremenls. The rcbullr (lahle 21 
of toul surpndcd solids uulysis indiute that waters with a high conccnvat!on u l  
toul s w p d e d  so l id  un be uulyzsd wlth slightly b w r  pmcinion than watm with 
a lower concentntion o f  t c d  uwpnded solids. 

d I Mum d e v e . ,  
25.2 1 25.1 
23.1 j 23.1 
19.1 1 21.1 
2 1 24.8 

0 14 
0.08 
I .86 

-2&. 



daamhucDnofwlunmoni.nitropan. A w U c b d r m n m d t o a l a a r n a n m  
n i ~ u n r e n m t P D o f I . 5 I  m g / k . A a ~ n ~ @ k e o f l . O m p l L w r r  
ddcd u, UK nmple to v i d e  r cmccDrmion of 2.51 m g 5  of toul mnmoni 
nioopn. Rcpliufc dnamimliau wae mde md UK o h i d  were given in Tabk 
3 

We may rule W fa r wuer conmining 2.5 1 mfliur twl ammonia nitrogen. the 
rccovc~ nlas 97 6% . The p ~ m t  I I X ~  is I )  good appmimltion of accuracy. but 
Ihc INC concentntron of suhrtam can mvn be known with absolute cmalnl) 

Obviously, a uulya uwot rtfonl m m3a 1 l q c  n m k r  of rrpetitivr 
mwunmenu conduct r fpike m v a y  fa abch & a a . m l y t c  r sundud 
wlution with ach sample. The uul.m an uid shculd makc pnodic checks of 
precision and unacy. F a  example. .bOU( 5 m 10% of the mpkr should be 
mr@d in dupliun. If the drpliae maarrmeno do MI rpee with the known 
pracuiar of tha merhcd. the mb m nol reliable ud the pmbkm in the technique 



mua k laulcd and conecrcd. SimWy. pnodic fbeJ;r of rcunc) should be 
rndcwitbrpikereco~nylcsuabyuulyrcsofsvdudsolutims. 

For colorimetric m*hods. ullhtion pphs musc be prcpved b) measuring thc 
absorb.nce o f  lrnown canmmriw of rhc urbsmct k i n g  measured and ploning thc 
trlub. T k c  p p h  should k *Red tkquedy by uulyzing known 
urr~enmtiau o f  UIC ntbmncc in quaion. I t  is impapnt to un-d thu thc 
common pnscla of d i n g  dupl lun or a i p l l W  uulm of dl wmples is 
eurntially wathku. M y r a  should not wutc time ud rupnh on checklng ever) 
runpk, and duplicate analyses provide no estimate of  ucuncy. 

203 Qulity C m t d  C h r t s  
A more refwd qrulity cmtrol p d u n  involves use of qualip control chnn3. 

and use of quality control cham is highl) recommended for mon~toring programs 
Cham for rnainuining qualir) control were originbll\ developed Ibr mmufactur~ng. 
but hey un k d.pbod for uu by laboratories thu conduct water m a l ~ u s .  A qualtt! 
wnaol c h n  comlm o f  a snph cm whlch Ihr vmtiul wale mpr~mnt: the nsuiu md 
the horizontal suk indicates thc scgucncc of the results (time) U'ming and convul 
l imiu and the averages of the statistical mmures under conridemt~on ore ind~cated 
on the graph. The rctults me plotted over time and from these plob it call k 
sxcrraincd i f  precision m d  eccumcy are accepuble. The most commonl! uwd 
quality contml EhN uc ~ p e  chnr to rcval  the control of precision md  means 
cham to t r v d  the C-l of sccuncy. The gmuesl value of quality control cham i s  
that trrndr o f  dun@? ln precirlon uul occumcy ovef time may k detected. 

203.1 Range Control Charts 
A range control chan fw replicate measurements is made h! calculslng n 

mean=& (R), a warning limit (WL), and a control limit (CL). A minimum of ?n 
mnge values (differcna k r w a n  the lowest and highest values in repl~catc anal) \c* 
of a sample) is 4 to m&e che chm. The facton for computing control and 
Harnlng limils on range control charts M as follow. 

Number o f n p h t a  (0) ' Facton lor conlml llmlct ' 
- __ar -- - 

2 T-- 3 27 - - 
3 ? 58 -- -- - - - - -- -. - - , ,a - 

The range vdues should bc obtained during normal laboratory operation o\cr 
a per~od of vveral days. For water qual~ry monitoring. it is sulficlenl to bax thc 
chan on dupliurc analyses (n - 2; D4 - 3.27). An example of a xt of dupl~cacc 
analyses of 25 tad ammonia nitrogen samples is provided m Table 3 Calrulat~c~n~ 
of R CL, d WL arc provided below- 
Thcn&eruvycquuiorouc: R - 2 W n  



lo'- Ib, uum rrd fud thc inme dtbs pcbh. All drcr colhdrd fa quillr) 
unml~bopkadoncbrdvtddwcb.nuphprduosrry. 

T a b k 1 . R a u l ( r d d u p l * . t r M ~ d t r q . o . r b r a u m d t o p n p r r a  
qwllty caotrd cbrl tor precidon 

T m l  unmoni nitrogen (mgllitcr) 
h t c  Rcwh I Result2 h p  

Juiy 2 0.5 I 0.47 0.04 
July 3 025 0.20 0.05 
July 4 0.11 0.09 0.02 
July 5 1.05 0.92 0.13 
July 6 0.82 0.95 0.13 
July 9 0.75 0.74 0.01 
July 10 0.44 0.44 0.00 
July I I 0.36 0.39 0.02 
July 12 2.13 2.05 0.01 
July 13 1.50 1.55 0.05 
July 16 0.09 0.06 0.03 
July 17 0.35 0.37 0.02 
July I8 0.50 0.54 0.04 
Jut) I9 0.62 0.58 0.04 
July 22 1.00 0.92 0.08 
July 23 0.78 0.71 0.07 
Juty 24 0.98 0.92 0.06 
JUI) 25 0.68 o . n  0.04 
July 26 1.25 1.3 1 0.06 
July 29 0.05 0.05 0.W 
July 30 1.33 1.25 0.08 
July 3 1 1.62 1.74 0.12 
Aupm 3 0.45 0.42 0.03 
A u p s  4 0.62 0.66 0.04 
August 5 0.W 0.75 0.05 

Thc values for R. CL md U'L uc pl& on r c h n  ( Fig. I ) .  



Fig I .  Rrnp c h ~  for control of precision in total ammonia nivopn u u l y s i s  

203.2 Mum Coatrol Chan 
A means m(rDI c h  allows evalunt i~ 01 control on OCCU~C! .  A common 

wa! of making m a s  control cham is to make about 20 measurements on a standard 
solution of thc variable of interest over a period of several days dur~ng normal 
laborslory opention. Tbe mean and standard deviation of these measurements IS 

determined, and Ihe upper and lower waning and control limib an taken a, i 2 
sundud beviation, ud t 3 Nndvd drviuions, nrprctivaly. For txunple. suppow 
that twenty measured vducs for a mml phoaphonu utandard hnvc an averqc o i 0 . 2 6  
m g l  with 8 standard deviation of r 0.02 m&. A plot ofthe limns is shown In Fly 
2 .  The llmits will be as follows: 

Upper control l~mit  0.32 mg'L 
Upper warning limit 0.30 mglL 
Mean 0.26 mglL 
Lower wuning limit 0.22 mf l  
L m r  control limit 0.20 m p l  

Alternatively, percentage raovcr) values can he u x d  to makc a Incan5 
control chM. Suppose that percentage recovery values fbr total ammonla n~lrc~ycn 
averaged 95.0 with (I nandard deviation o f t  2.5. The l~mits would he a, f i i l lo~.'~ 

Upper control limit 102.5 % 
Uppr w m i ~  limit 100.0 % 
Mern 95.0 K 
Lowsr wmtng limit 90.0 Yo 
L w r  control limit 87.5 % 

The analya should, ac intervals, analyze a sLandilrd solut~on or conduct a 
percenuge m v q  aid. The m u l b  of these d y s e r  or trials should then he 
plottat on tho mnn eormol chn lPrsrprauion of tb ~ M I  m t r o l  c h ~  is thc 
ume u explaid above for u& of the ranp control chart. 



Fip. 2.  Mmm comml c h m  lor the ~olmol of vcuney of totll phosphorus uulyscs 
b u d  on ~ e l y w t  of I nmdwd wlution. 
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