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Appendix 1-
Results of the analysis of water and faunal samples for the presence of algal toxins at CIFT 

YEAR 2001 

Sample lnate !Month Location PSP DSP Phytoplankton 
Dyspnea,abnormal gait, 

!Dinophvsis calldata. Water 2S-0ct Vizhiniam Bay Absent death in24 hours. 

Water 2S-0ct Vizhiniam sea Absent Absent 

Water 29-Oct Thalassery Absent Absent 

Water II-Nov Vizhiniam sea Absent !Absent 

Water I3-Nov Thalassery Absent Absent 

Perna viridis II -Dec Thalassery Absent Absent 

Water II-Dec Thalasserv Absent Absent 

Paphia sp 17-Dec Dalavapuram Absent Absent 

Perna viridis 17-Dec Dalavaouram Absent Absent 

Perna viridis 20-Dec Pallikandy Absent Absent 

Perna viridis 20-Dec Tikkodi Absent Absent 

lPerna viridis 2S-Dec Moodadi Absent Absent 

il'erna indica 30-Dec Vizhinjam Absent !Absent 

Water 30-Dec Vizhinjam Bay Absent Absent 

Water 30-Dec Vizhinjam sea Absent Absent 

~AR2002 
Sample Date/Month Location PSP DSP 

il'erna viridis 14-Jan Thalassery !Absent Absent 

Water I4-J3O Thalassery Absent Absent 

Perna viridis IS-Jan Moodadi Absent Absent 

Perna viridis IS-Jan Tikkodi Absent Absent 

Perna viridis 19-Jan Pallikandv Absent Absent 

Perna viridis 24-Jan Thankasserv Absent Absent 

Perna viridis 2S-Jan Vizhiniam Absent Absent 

Water 2S-J3O Vizhiniam Absent Absent 

lPerna viridis 8-Feb Moodadi Absent Absent 

[Perna viridis 8-Feb T ikkodi Absent Absent 

lPerna viridis II-Feb Thalassery \<\bsent Absent 

Water II-Feb Thalasserv Absent Absent 

lPerna viridis 12-Feb Vizhiniam Absent Absent 

Water 12-Feb Vizhinjam Absent Absent 

Perna viridis II-Mar Thalasserv Absent Absent 

Water II -Mar Thalassery Absent Absent 

Water 12-Mar Vizhiniam sea Absent Absent 
Paralysis,Diarrhoea, 
Dyspnea Pseudo- nitzschia pungens, 

Water 7-Apr Vizhinjam I Absent ,Death in 10 minutes. Trichodesmillm sp 
Moved restlessly, Trichodesmium sp, 

Water 7-Aor Vizhiniam 2 Absent imbs stretched . Dinoohvsis miles 
Perna viridis I3-Apr Thalassery Absent Absent 

Paralysis,Diarrhoea, 
Dyspnea, Pseudo- nitzschia pungens. 

Water I3-Aor Thalassery Absent Death in 8 minutes. Prorocentrum micans 

Perna viridis I3-May Thaiassery Absent Absent 

Water 28-May Vizhiniam I Absent Absent 

Water 28-May Vizhinjam 2 Absent Absent 

\Perna indica to-Jun Thalassery !Absent Absent 



lsamole Inate /Month Location PSP DSP Phvtoolankton 

Water 10-Jun Thalasserv Abseot Absent 

1Perna indica 10 June Vizhiniam Absent Absent 

Water 10 June Vizhiniam sea Absent Absent 

Water 15-Jul Thalasserv Absent Absent 

Water '6-Jul Vizhiniam Bay Absent Absent 

Water 26-Jul Vizhiniam sea Absen Absent 

!Perna indica 13-Au. Thalasserv Absen Absent 

Water I3-Au. Thalasserv Absen Absent 

Water 20-Au. Vizhiniam Bav Absent !Absent 

Water ?O-Au. Vizhiniam sea Absent Absent 
[Perna viridis 3-Sen Elathur Absent Absent 

Died in 5 minute. 
Presence of water 

Water 4-Sen Puthiyaooa IAbsen soluble toxin. Chat/onella marina 

Fish 4-Seo Puthiyaopa Absent 

Fish -Sen iPuthivanna Absent 

Fish -Sen Puthivanna Absent 
Unconscious, 

Water II-Seo Konad 9.30 AM Absent later recovered. Chat/onella marina 
Coma,died 2 hours 
Presence of 

Water II-Sen Konad Bloom I IAbsen water soluble toxin. Chat/onella marina 
Died in 5 minute. 
Presence of a 

Water II-Seo Konad Bloom 2 Absen t/water soluble toxin. Chat/onella marinG 
Dyspnea,paralysis. 

Water II-Seo Konad 11.30 AM Absen t Death in 5 minutes. Chat/onella marinG 
Coma,died in 112 hour. 
Presence of water 

Water II-Sen Konad2.30 AM IAbsen t soluble toxin Chat/onella marinG 

Water 12-Sen Kaooad 11 .30AM Bloom IAbsen Died in 10 minute. Chat/onella marinG 
Dyspnea,coma, 

Water 12-Sen Kaooad 11 .30AM Control Absen tidied in 50 minutes. Chat/onella marinG 
Water 12-Sen iKaooad 2.30 PM Absen t Died in 10 minute. Chat/onella marinG 
Water 12-Sep iKappad Noon Absent Coma ,death. Chat/onella marinG 
Water I3-Sen Irhombal 12PM Absen t Died in 5 minute. Chat/onella marinG 
IDonaxso 13-Seo Irhombala Absen Absent 
!Perna viridis 13-Seo K::hombala Absent Absent 
Water 13-Sen Chombala 2PM Absen Absent 
Water I3-Sen Chombala 9.30 AM Bloom Absen Died in 5 minute. Chat/onella marin, 
IWater I3-Sen Chombala 9.30 AM non bloom Absen IAbsent 
IPerna viridis 13-Sen Elathur iAbsen Absent 
!Perna viridis I3-Sen Moodadi Absen IAbsent 
IPerna viridis I3-Sen h-ikkodi Absen tAbsent 
Water 27-Sen Kaooad I Absen tAbsent 
Iperna viridis 27-Sen ikkodi Absen tAbsent 
Water 28-Seo IChombala bloom Absen tAbsent 
Water 128-Sen Irhombala non bloom Absen tiAbsent 
Water 128-Seo Puthiyappa Absen Absent 
!Perna viridis 28-Sen m,alasserv Absent Absent 
IPerna viridis 29-Seo Chombala Absen IAbsent 
Werna viridis 14-0ct IThalasserv Absen t Absent 
Water 14-Oct fThalasserv Absen tlAbsent 



~ample DatelMonth Location PSP DSP Phytoplankton 

~erna indica 12 Nov Ivizhiniam Absent Absent 

Water 12 Nov Vizhiniam Bay Absent Absent 

Water 12 Nov Vizhiniam Sea Absent Absent 

Water 29-Nov Vizhiniam Bay ~bsent Absent 

Water 29-Nov Vizhinjam Sea ~bsent ~bsent 
[Perna indica 16-Dec Moodadi Absent ~bsent 
Water 16-Dec Moodadi ~bsent Absent 

[Perna indica 16-Dec Pallikandy Absent Absent 

Water 16-Dec Pallikandy ~bsent Absent 

[Perna indica 16-Dec Tikkodi ~bsent Absent 

Water 16-Dec Tikkodi ~bsent Absent 

IYEAR 2003 

!Perna viridis kt-Jan Thalassery ~bsent ~bsent 
Water l.t-Jan Thalassery Absent Absent 

[Perna viridis 18-Jan Moodadi ~bsent Absent 

[Perna viridis 18-Jan Tikkodi ~bsent Absent 

Brown Mussel 20-Jan Vizhinjam ~bsent ~bsent 
Water 20-Jan Vizhinjam ~bsent ~bsent 
[Perna viridis IO-Feb Moodadi ~bsent ~bsent 
!Perna viridis IO-Feb Tikkodi Absent ~bsent 
[Perna viridis ll-Feb Thalasserv Absent Absent 

Water ll-Feb Thalasserv Absent Absent 

!Perna viridis 20-Feb Vizhiniam ~bsent Absent 

Water 20-Feb Vizhiniam ~bsent l-\bsent 

[Perna viridis 12-Mar IThalasserv l-\bsent l-\bsent 

Water 12-Mar IThalasserv l-\bsent l-\bsent 

Water 21-Mar Vizhiniam sea Absent l-\bsent 

Water 17-Apr Vizhinjam I ~bsent Absent 

Water 17-Apr Ivizhinjam 2 ~bsent Absent 

iperna viridis 13-Apr m,alassery Absent Absent 

Water 13-Apr hnalasserv Absent Absent 

!Perna viridis 3-May IThalassery Absen Absent 

Water 20-May Vizhinjam I Absen Absent 

Water 20-May Vizhinjam 2 Absent II.bsent 
iperna indica 10-Jun Thalassery Absent II.bsent 

Water 10-Jun Thalassery Absent Absent 
lPerna indica 18 June Vizhinjam Absent Absent 
Water 18 June Vizhinjam sea Absent Absent 
Water S-Jul rrhalassery Absent Absent 
Water 20-Jul Ivizhinjam Bay Absent Absent 

Water 20-Jul Vizhiniam sea Absent Absent 

Perna indica 3-Aug rrhalassery Absent Absent 

Water 3-Aug rrhalasserv Absent Absent 

;Vater 2S-Aug Vizhinjam Bay Absent Absent 
W ater 2S-Aug Vizhiniam sea Absent Absent 
Water IS-Sep Chombal Absent Absent 
Perna indica IS-Sep Chombala Absent Absent 
Water 4 Sept ~arakkal sea Absent Died in 10 minute. Presence Challonella marina 

of water soluble toxin 
Water 4 Sept ~arakkal farm I Absent Died in 10 minute. Challonella marina 



~ample Date/Month Location PSP DSP Phytoplankton 

twater 4 Sept ~arakkal farm 2 Absen Died in IS minute. Challonella marina 

~ater 4 Sept Narakkal farm 3 Absent Died in 5 minute. Chat/onella marina 

ish 4 Sept ~arakkal sea Absent Absent 

"'ish 4 Sept ~arakkal farm I Absent Absent 

Villorita cyprinoide 4 Sept ~arakkal farm I Absent Absent 

Villorita cyprinoide 4 Sept ~arakkal farm 2 Absent Absent 

Villorita cyprinoide 4 Sept ~arakkal farm 3 Absent Absent 

Water 6 Sept ~arakkal sea Absent Absent 

Water 6 Sept ~arakkal farm I l-\bsent Died in 10 minute. Challonella marinG 

Water 6 Sept Narakkal farm 2 Absent Died in 10 minute. Challonella marin 

Water 6 Sept Narakkal farm 3 l-\bsent l-\bsent 

Wish 6 Sept Narakkal sea Absent l-\bsent 

Fish 6 Sept Narakkal farm I l-\bsent l-\bsent 
Villorita CVllrinoide 6 Sept Narakkal farm I l-\bsent l-\bsent 

Vil/orita CVllrinoide 6 Sept lNarakkal farm 2 l-\bsent l-\bsent 

Villorita cYllrinoide 6 Sept lNarakkal farm 3 l-\bsent l-\bsent 
Water 9 Sept Narakkal sea !Absent !Absent 

Water 9 Sept lNarakkal farm I !Absent !Absent 

Water 9 Sept ~arakkal farm 2 !Absent !Absent 
Water 9 Sept ~arakkal farm 3 ~bsent !Absent 

ish 9 Sept ~arakkal sea ~bsent !Absent 

ish 9 Sept lNarakkal sea !Absent !Absent 
Villorita cyprinoide 9 Sept lNarakkal farm I !Absent Absent 

Villorita cyprinoide 9 Sept lNarakkal farm 2 !Absent !Absent 
Villorita cyprinoides 9 Sept ~arakkal farm 3 ~bsent !Absent 
twater II Sept lNarakkal sea ~bsent ~bsent 
twater II Sept lNarakkal farm I ~bsen ~bsent 
[Water I I Sept lNarakkal farm 2 l-\bsent l-\bsent 

Water I I Sept lNarakkal farm 3 l-\bsent Absent 

Fish II Sept lNarakkal sea l-\bsent !Absent 
Fish 11 Sept Narakkal farm I !Absent !Absent 
Vil/orita cyprinoide II Sept Narakkal farm I !Absent !Absent 
Villorita cyprinoides 11 Sept Narakkal farm 2 ~bsent !Absent 
Vil/orita CVllrinoides 11 Sept Narakkal farm 3 l-\bsent Absent 
Water 23 Sept Narakkalsea !Absent Absent 
Water 23 Sept ~arakkal farm I ~sent !Absent 
Water 23 Sept lNarakkal farm 2 !Absen Absent 
Water 23 Sept lNarakkal farm 3 !Absen !Absent 
Fish 23 Sept lNarakkal sea l-\bsent IAbsent 
Fish 23 Sept lNarakkal farm 1 !Absen !Absent 
Vil/orita CVllrinoides 23 Sept lNarakkal farm 1 l-\bsent l-\bsent 
Villorita cYllrinoide 23 Sept lNarakkal farm 2 !Absent !Absent 
Villorita CVllrinoide~ 23 Sept Narakkal farm 3 Absent Absent 



On Occurrence of Certain Biotoxins along the 
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<Xcurrencc of algal blooms has been reponed from Ihe coaslal 
«glons of Kera l". A siudy was conducled 10 collec l d~laikd 

mformau n on 10c;lIion and seasonalilY of Ihe incidence of PSP and 
DSP IClins in Ihe bi\'alves of lhi s region for providing ad"jnce warning 
10 a' oid shdlfish poisoning. A dalabase 00 Ihe hydrographic 
parnmel= in relalion 10 algal blooms and loxic blooms al selecled 
slalions, which arc siics of frequenl hl onms in Ihe paSI years, w", 

pRparcJ. Dala on Ihe prcsence of hiolO, ins in musst ls :lIld water 
somples periodically collec led fro m Moodadi, Tikkodi, Pa lhkandy, 
Elalhur, Thalassery, Fon Cachin and Vizhinjam, which are Ihe llIa in 
mu ssd I ... ding cenlers of Ihe Stale, are reponed. ,\pan from Ihis, Ihe 
accurrene< of PSP and DSP in edible 0YSI." Crasso!lrea madrasellsis 
com C~ l' al ~1a rine Fisheries Research Inslitule 's fmn in .Ashlamudi . 

ia 't :1 :1J :'1:: hlJck clam \'i llori/fJ CYP/I Ilf/ ;tfc:S from VCl1l hJn:ld b kc . 
. monHClicJ regularly, are also discussed In AlIgusl 2 O. Ihc blOt)m 
of GyltitiodnilIIn pulchelllllTI in Fort Cochin regi on \\ .. a~ founJ to cor. ( ~in 

paral) ", shellfish poison. Six mh., blooms we re obsened in Calicul, 
COOmbola. ;\arackal, Vizhinjam, and Thankassery during Ihe pericxJ 
July,S<plemb<r 2001. The causalive species were idenlified as 
Nocll /uco !cl1! li/lwu, Hereroaulaclls spp. and Prorocflllnml mica,,! (III 
of \\h!C~ "'ere non ·lOxic . The study revealed Ihal Ihe incidence of PSP 
produci'g J!gal blooms arc low along the KcralJ coast Jnd level of 
tOAIn is '>\ ell below «2 1 )Jg. 1OOg l) the tox ic limi t of OJJ£ . IOOg'of 
s~Hfis~ r.:!~t. In the light of the hydrogr3phh .. d~HJ . [he G,~ s ;Jti\e ;d~ JI 

s~cies ;:,.n: the Occurre nce of PSP and OSP 10X ln in the en\'lronmC!nt 

and bi\:!! :: I:1C:H. the safety of molluscJn ' fi shes of l\.::-:," :!1 3 CO:JSl ~s 
ciscus _ ~j 

'-
I-: ty wonIs: Uivtoxins, alg:'11 bloom, bi"ah'cs. f.\erJI:a 

Incla. D:; !iig J major exporter of seafood pr,:HJuCt '\ ~1 ~l S to ;1(.:- .IIC th:; 

qualilY ane ' 2fe: ' of her products. The Inc idence of 1r.,: rl 1e bl(ll(. , ,,,, !r. 
seafq,od has bec me J Ihreat 10 consumerS. The 1\\0 " "'Jvr b,OI\J \I '" :" JI 

• 

• 



.: 

-----~-

Biotoxins Kerala coast 315 

cause threat to Human health are paralytic shellfish toxin (PSP) and diarrhetic 
shellfish toxin (DSP). Paralytic shellfish toxins are a group of neurotoxin 

produced mainly by dinoflagellates belonging to genus Alexandrilllll, 

Pyrodinium, and Protogonyaulax. These dinoflagellates occur both in the 
tropical and moderate climate zones (Hall, 1982; Krogh, 1988; van Egmond 
et al. , 1993). Shellfish grazing on these algae accumulate the toxins. The 
maximum permitted level of paralyti~ shellfish toxin in Bivalve Mollusks 
is 80 iJg.loog·ledible tissue (Council of the European Communities, 1991). 

Kerala state along the west coast of India is the major producer of 
bivalves. Bivalves especially mussels (Perna illdica and Pema virides) and 
clams (Villarita cyprilloides. Paphia malabarica, and Meritrix 'casta) are 
fished and marketed locally. Considering the imponance of bivalves it is 
necessary to study the li vi ng environment of the bivalves and also the 
possibility of algal blooms, which may cause toxins in the bivalves. Hence 
it is necessary to study the existence of toxin producing algal bloom and 
the amount of toxin, wh ich may be present in the bivalves growing in that 
environment. The present study has been taken up wi'th this view. 

Materials and Methods ._ 

Three sampling sitcs along the Kerala coast namely Thalassery, Fort 
Cochin and Vizhinjam, which had the incidence of algal blooms in previous 
years were selected and studied from April 200 I to September 200 I. Mussel 
and water samples, periodically collected from these centers were analysed 
for PSP. 

The hydrographic variation and phytoplankton composition of the 
coastal waters at Thalasherry, Cochin and Vizhinjam were monitored 
regularly. The chemical characteristics of the surface water collected were 
ana lyzed for dissolved orthophosphate (Murphy & Riley, 1962), nitrate and 
nitrite (Morris & Riley, 1963) and chlorophyll pigments by Spectrophi:5to-

~ -. metric (Parsons et al., 1984). Dissolved oxygen was measured by Winkler 
method (1888), and salinity using salinometer (AT AGO - SlMill-E, Japan). 

" . Total suspended solids (TSS), tota! Organic Carbon (TOC), surfactants 
(StJru:), biologi.c:al oxygen demand (BOD) and chemical oxygen demand 
(COD) were ~easured by Pastel UV Spectrophotometer. Qualitative 
assessment of the phytoplankton at these sites was done by collecting- the 
nt'nl-t"n ,n'! ;<\pnt;fv inl! them to the species level (Subramanyan, 1971). The 
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The green mussel, Perna viridis collected from north and central Kerala 

and brown mussel: Perna indica from the natural bed of Vizhinjam were 

transported to the lab in the live condition and refrigerated. The samples were 

later analyzed for PSP by mouse ass.ay (AOAC, 1990). The samples were 

collected monthly and during bloom period samples were collected dai ly. 

Results and Discussion 

Algal blooms: 

Table I shows the date, location and algal species notices:during the 

bloom. The blooms were noted mainly in the post monsoon period. NoctiLuca 

scillTillans, Noctiluca miloris, Heteroallloclls sp. and Prorocentrwn micolls 

have all been responsible for harmful algal blooms. Prorocenlrum micans 

has been reported to cause toxic bloom in Northern Britany (Lassus & 
Berthome, 1988) and in Portugal (Pinto & Silva, 1956). However in Kerala 

the bloom was mild and did not cause any toxic condition. In the regular 

monthly observations on the phytoplankton composition along north Kerala, 
toxic algae iii substantial quanti ties were not observed. Leptocylilldrus 

dalldills, Astriollella japollica, Thallassiothrix frawifeldii. Cosillodiscus sp., . . 
Rhh.osolenia sp., Thallassillema nitzchoides are the major species found in 

this area. 

Table I. Date, location and algal species identified during algal bloom 

Date Location Algoa l species 

25-07-2001 Calicut Nocciiuca scinrillans 

04-08-2001 Chombala " ·oclil.ca scintillans 

09-08-2001 Fon Kochi H~laoa"lacus spS 

26-08-2001 Vizhinjam Nocliluca milaris 

17-08-2001 Thankasscry ProrountrufTl ",icans 

11 -09-2001 Chombala Proroct.n1rutn micans 

Intensity 

Golden yellow colored bloom 

Very dense bloom. Sea was brick 
red colored in the morning. imen­
sil ies 10 a dark brown color by 
afternoon. By next afternoon 

coloration had disappeared. Fish 
mortality was reported. 

Red patchy discolorntion in the 
harbour area 

Red discoloration· as narrow streak. 



Biotoxins Kerala coast 317 

Table 2 shows the seasonal changes in the hydrographic parameters in 
Fort Kochi region. The bloom of Heteroaulacus sp. in Narackal reported 
of fi sh mortality. This might be due to clogging of algae to the gills. Along 
Vuhinjam, NoctilLlca miLaris bloomed in August 2001. However, in this 
region harmful algae were observed though they did not cause any water 
discolorations or mortality. The plankton blooms formed by the dinoflagellate 
Noctiluca miliaris have been implicated in mortality (Subramanian, 1985). 

The gross product ivity, which was 2.13 mgC.I ·I.day·1 prior to the bloom, 
increased to 5.97 mgC.I ·I.day·1 during the bloom and further rose to 10. 11 
mgC.I-I.day-1 after the Noctiluca scintillans bloom at Chombala. The total 

. quantity of phytoplankton, namely gross productivity was increased, clearly 
indicating the algal growth. The net producti vity (i.e. Gross productivity 
- Respiration) shows a slight increase. Similar trend was observed for 
Chlorophyll a, c and BOD. A recent investigation of remote sensing of 
harmful algal blooms shows high near-shore chlorophyll a in the bloom region 
(Yin ~t aI., 1999). 

Table 2. Seasonal cha nges of hydrographic parameters at Fort Kochi 

Parameters April May June Aug.- Aug.·· Sept. 

ProducliviTY Gross 0.853 1.9395 1.7066 6.542 3.491 1.1308 
(mgC.\< .d,y"') Net 0.627 0.8467 0.8524 0.9344 0.873 0.9899 
Chlorophyll A 1.248 1.346 1.873 78.01 44 .05 
Wg.\<) B 0.645 0.321 1.055 0.00 1.047 

C 0.320 0.785 1.629 23 .21 26.48 
Nutrie.nts NH, 3.45 0.19 0.00 23.28 6.59 0.00 
(}.Ig.r-) PO, 1.59 1.36 0.86 4.71 3.84 0.76 

NO, 1.17 2.90 0.19 4.19 2.38 0.0 1 
NO, 6.90 0.48 0.06 0.26 0.42 0.08 

Temperature (oq 29 28 28.2 28 28 28.3 
Salinity (%) 33 34 27 33 33 32 
pH 8.02 8.2 1 8.10 9.0 8.2 1 8.14 
Dissolved oxygen (mg 0 r') 4.46 3.24 5.21 5.85 4.01 4.16 
Toul suspended solids (ppm) 6.46 4.2 6.6 60.5 46.5 12.5 
Total org:!.nic carbon (ppm) 1.8 1.4 1.6 13.2 1.2 1.6 
Surfaet3nts (ppm) 0.4 0.3 0.4 0.4 0.3 0.2 
Chc:mi~1 oxygen de.m:lOd (ppm) 5.4 4.8 5.3 '; 3 23 .6 5.6 
Biologial oxygen dem:lnd (ppm) 2.4 . ., 1.4 2.2 15 .6 10.6 2.1 

. 
Rc~~ lhe hydrographic par.tmetcrs recorde..J during the bloom of Htftw(J.ulaclL.( l'p. in N:Jr:lc·\:.lJ 
on 9-8·2001: 

•• Rc-praenu: the hydrogr.lphic pJr.lmeters recorded during the bloom of H tltrlHluluCUJ !> p. in N:U'';1cbJ 
__ ')0 1()'8-2001; 

No coIlec1:inn in lilly (inr.t' fhr. (,.~ ... W:l( rnuoh 
.~ IlD 
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Table 3, Seasonal ch.~g .. -of hydrog .... phic pannKle ... al Thalassery·' .-";· ,", . 

PanmelUs . April May June July : Aug- Sept~· 

I 

Productivity Gross 1.4547 1.4547. 2.1337 5.974 . 10.114 5.67 

(mgC.I' .day") NCI 0.4~49 0.9698 1.2802 0.4267 5 .2362 3.927 

Otlorophyll . A 2.622 5.8036 0.3206 6.0806 10.287 5.74 1 

(JJg.r') B 2.58 0 .6221 0.0 .. 0 .928 0 .9662 0 .9427 

C 2.4 1.8732 0.0226 . 0 .7658 1.764 2 .2871 

NH, 177.5 1 1.45 4. 19 9 .38 9.32 0 .34 

Nutrients PO, . 13.39 1.73 1.00 2.37 2 .37 2.88 , 
(pg.1 ) NO, 0.12 1.27 0.36 _ 2 .79 0 .26 4.16 

NO, 3.77 9.37 10.65 11.87 6.97 0.04 

T ClDpemure ('C) 31.5 29 27 28 27- 29 

Salinity (%) . 30 34 3 1 33 35 35 

PH 7.4 8.2 1 8. 17 7.78 7.78 8.32 

Dissolved oxygen (mg 0 .1'1) 9.62 5.37 5.722 7.713 7.71 28 5.3424 . , 
15.6 2.4 10. 1 38.5 38.5 10.2 TOI'" suspended sohds (ppm) 

Total orgJnic c<lr~n (ppm) 13. 1 0.9 10.1 38 .5 2.2 2.1 

Surf.Clants (ppm) 5.0 0.4 0.3 0.4 0.4 0.4 

Olc:mical oxygen demJnd (ppm) 35.0 0 .3 1.2 7.6 7.6 3.1 

Biological oxygen demand (ppm) 13.2 0.4 0.3 3. 1 3. 1 2.8 

• Represents hydrogr:1phic p:1ramclcrs recorded during the bloom of Noclilllcn lei' l/ illoM in 
. . Chomb.l. on 4· 8·2001. - . 

... Represents hydrographic parameters recorded during the bloom of Prnroc~ntrlml lI1iCOfI .f in 
Chomb.l. on 11 ·9·2001. 

Ta~le 4. Seasonal changes of h}"drographic par:lI11etcrs at Vi z.hinjam 

P:1filmeters April ~hy June Ju ly August ' 

ProduCtivity Gross 1.9395 0 .8534 1.1454 1.9382 3.4908 
(mgC.I' .d.y"') Net 0.9698 o J267 0.8268 0 .9691 1.7454 

Chlorophyll A 0.274 1.9354 0 .723 0 .856 46296 
(J.lgJ") , B 1.8808 0.0 0 .682 0.483 0.4253 

C- 2.9J4 3.5638 0.939 1.213 1.3663 
NH

J 
0.00 0.00 0.00 0 . 12 3.33 

Nutrients PO, 0.54 0.73 0.82 0 .90 1.82 
(J.'g .r1

) NO, 0.10 0.Q4 9.03 8.43 22.87 

NO, 1.11 4.73 0.28 0.46 0.76 
Temperature ee) 30 29 27 28 .5 29 
S.linilY (%) 33 34 26 28 35 
PH 8.21 7.5 6 8.02 8. 13 8.17 
Dissolved ox.ygen (mg 0 .r l) 4.523 3.234 432 4 .64 4.8336 
Total suspended solids (ppm) 2.4 8.0 4.2 64 46.6 
Tot11 Of"g3nic cOlrbon (ppm) 0.9 2.5 2.5 0 .9 7.2 
Siuf.CI:uits -(ppm) - 0.4 0.3 0.3 0.4 0.4 
Chemical oxygen dema.nd (ppm) 0.4 8.2 0 .3 4 .~ 3.2 
BiologiC:l.I oxygen demand (ppm) 0.' 3.7 0.3 2.4 0.5 

• Represents the hydrographic p:uamclCfs recorded during the ,,1:"I'Jm of PmrtX~nlrum nllcn".f in 
Th:mhssc.rv on 17·8·2001. 
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g::' Toxicity appears to be related to the high concentration of the algal cent 

t _:-. • 

~ - . ' . 

'Co.' a water temperature of 70° to 75°F, high pH, and length of exposure to sunlight 
¥'o", . . " . * (Jurgens, 1953; Muncy. 1963). Temperature recorded during .bloom was 28-
j;. ' 29°C. In Hong Kong. red tides higher incidenc'e' of red tides was recorded 

:; when the sea temperature waS around 20-23°C- (Chan & Liu, 1991) . 
..; . 

Salinity and pH showed slight increase characteristic of the species. The 

-:- dissolved oxygen, nutrients hav~ found to be increased. A IO-fold increase 

, in mean dissolved phosphate levels and 5-fold increase in mean dissolved 

".. nitrate levels resulte<j in a very large increase in phytoplankton, and increase :r, 
in red tide blooms (Chan & Hodgkiss. 1987; Hodgkiss & Chan, 1983; 1986; 

, 1987). TSS and COD values. which were low before the bloom increased 

at the time of bloom and decreased after the bloom. At Narakkal. similar , 
trend was observed for these parameters and also for Gross productivity, 

Ch lorophyll a. c. phosphate content, TOC and BOD at HeteroaulaclIs sp:­

bloomsite. Contrary to this. during the bloom o f ProrocelltrU/Il micalls at 

Chombala, the gross and net productivities, nitrite contcnt and BOD showed 

a decreasing trend from the pre bloom period. This might be due to varied 

nutrient requirement of different algal species responsible' for bloom, . 

The musse l samples analysed for the presence of paralytic shellfish 

r tox ins by mouse bioassay indicated no detec tab le tox ins. However fi sh kills 

had been reponed in Narackal. This could be due to the clogging of algae 

to the gi lls . 

.. 

Paralytic shellfish poisoning is a worldwide problem, Phytoplankton 

blooms occur at the eutrophic zones. Prior to blooms, the nutrient levels 

will ri se. The blooms. however, did not cause a ny danger to huma ns. More 

work is to be done in these areas to provide waming to shellfish farmers 

and consumers about period of incidence of blooms and effect of toxicity. 
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