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INTRODUCTION 
1 .1 During the last decade, the Governments and Administrations of the 

Pacific Islands have been increasingly turning their attention to methods 
of exploit ing the vast natural resources of fish and other marine l i fe 
which surround their islands. 

1.2 This pre-occupation wi th the search for exploitable natural resources has 
been triggered largely by a realisation that true economic independence 
means the ab i l i t y to earn foreign exchange, and also by offers of 
assistance made to Island Governments by commercial concerns who wish 
to share in the exploitat ion of these resources. 

1 .3 So far as fish is concerned, this means that increasingly large quanti t ies 
caught within the South Pacific basin are being exported to overseas 
markets either frozen in the round or as processed fish products. Al ready 
fish canneries are established in American Samoa, Solomon Islands and 
F i j i , there are also a number of freezing depots for the freezing and 
storage of fish for export . 
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1 .4 These developments however appear so far to have had l i t t le impact 
on the patterns of f ishirtgfdr.ddmestfc consumption, and the majority 
of Islanders at the v i l lage level continue to catch their own fish 
from canoes and small boats as and when required for immediate 
consumption. 

1 .5 In the larger coastal urban centres, local ly caught fresh fish may be 
offered for sale under a variety of circumstances - from markets, 
retai l shops, hawker's vehicles, or even from the beach. 
The freshness of fish retai led under such circumstances is very var iable, 
and depends mainly upon how it was caught, the type of handling 
i t received after being caught, and the temperature at which i t is stored. 

1 .6 Fish natural ly , is a highly perishable commodity, more perishable than 
most other protein foods, and because of hight ambient temperatures, 
fish is part icularly vulnerable to spoilage in tropical cl imates. 
However, it is only in recent years, and then main ly in the urban 
areas, that faci l i t ies such as refrigerators, insulated containers, and ice 
have become avai lable to fishermen and consumers. Even today, in many 
areas, they are not easily ava i lab le , especially ice in bu lk , and many 
cannot1 afford them. 

1 .7 The fishing potential may therefore be said to fal l into two main 
categories : 

(i) large-scale deep sea commercial f ishing, mainly for export, 

( i i ) small-scale coastal and reef fishing mainly for the domestic market, 
and subsistence f ishing. 

In some countries there are also considerable resources of freshwater 
f ish , part icularly Ti lapia in the Sepik River basin and other large rivers. 

1 .8 Since this paper purports to deal w i th the safety and qual i ty of fish and 
fish products/ i t would be opportune at this point to review brief ly 
the factors affect ing these two condit ions. 

2 . THE SAFETY OF FISH A N D FISH PRO DUCTS 
2.1 Fish and shellfish not only trarismif diseases to man, but are themselves 

subject to many diseases. 
However, being cold-blooded creatures, fish take on the temperature 
of their environment, and f ish, l iv ing in warm tropical waters such as 
the South Pacific where temperatures range from about 22°C - 30°C, 
are more l i ke ly to give rise to the transmission of human pathogens, 
than fish inhabit ing the colder fishing grounds where temperatures 
rarely exceed 14°C. 
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The types of health hazards associated wi th fish and shellfish as food 
may be summarised as follows : 

(i) Bacterial infections and intoxications 

(ii) Viral infections 

( i i i ) Parasitic infections 

(iv) Poisonous biotoxins 

(v) Chemical poisoning 

(vi) Poisoning by contact. 

Each group w i l l be considered separately. 

2 .2 BACTERIAL INFECTIONS A N D INTOXICATIONS 
These infections are due either to direct contamination of the fish or 
fish product wi th polluted water or to secondary contamination during 
landing, processing, storage, distribution or preparation for consumption. 
Contamination of fish and shellfish wi th polluted water is of part icular 
importance when these products are eaten raw or only l ight ly processed. 

(i) SALMONELLOSIS (Bacterial infection) 
This includes typhoid and paratyphoid fevers, septicaemia, shigellosis, 
and gastroenteritis. Caused by eating contaminated fish or shellfish 
raw or insuff iciently cooked. Risk is greater in warm climates and where 
water is polluted wi th animal or human excrement. 

(i i) VIBRIO PARAHAEMQLYTICUS (Bacterial infection) 
Outbreaks reported from many parts of the wor ld , part icular ly Japan, 
Southeast Asia, and the USA. Closely associated wi th the consumption 
of raw or inadequately cooked seafoods. The vibrios occur natural ly 
in the marine environment and numbers increase in warmer water. The 
vibrios mult iply rapidly in food but are destroyed by heating and freezing 

( i i i ) CHOLERA (Bacterial infection) 
Fish are suspected of transmitting cholera although evidence is l ack ing . 
However, laboratory studies have indicated that V . cholerae can 
persist in fish and shellfish at room temperatures for 2-5 days and 
under refrigerated conditions for 1-2 weeks (1). 
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(iv) BOTULISM (Bacterial intoxication) 
Clostridium botulinum type E spores are widely distributed in 
both fresh and salt water in many parts of the wor ld . 
Poisoning is duetto, the toxins produced,under anaerobic condit ions. 
The spores of type E organisms are more heat sensitive than'. those 
o f other types and most outbreaks have been identi f ied wi th raw 
or improperly processed fish o r f i s h roe that, has been[fermented, 
smoked, or p i ck led . 
The organisms of C botulinum type E are capable of growth at 
temperatures of 3 .3°C (38° F) and above (2)^ therefore ordinary 
refrigeration does not necessarily prevent tox in production. 
This is of public health importance because 'C.botul inum type E 
is not proteolyt ic , and growth and toxin production in fish cause 
no change in its organoleptic characteristics. 

(v) STAPHYLOCOCCAL FOOD P O I S O N I N G 
(Bacterial intoxication) 
Staphylococci <are; widely distributed and one of the principal 
causes of acute food poisoning. 
The organisms mult iply; rapidly in food producing toxins which are 
stable at boi l ing temperatures* 
The source of i n f ec t i on i s usually of human o r i g i n , the fish or 
shellfish being; secondarily contaminated .through improper handl ing. 

(vi) PERFRINGENS (WELChjIJ) >,,,• 
FOOD P O I S O N I N G , (Bacterial; intoxicat ion) 
Clostridium perfringerrs (wejchii) 
The organism is widespread, and another cause of acute food 
poisoning. 
Commonly found in waters polluted wi th human and animal excrement, 
The strains implicated are usually heat resistant and mult ip ly rapidly 
in meat and f ish. 
The toxins are produced in the body after consumption of heavily 
contaminated fish or other; foods. Fish or; she,). J fish; are secondari ly 
eontaminated through polluted waters or improper handl ing. 

2 .3 VIRAL INFECTIONS 
Although there is a lack of information concerning the public health 
signif icance o f viruses present in fish and shell f ish, there is a strong 
epidemidogicai association between the consumption of shellfish from 
pol luted waters and infectious viral hepatitis (2). 
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PARASITIC INFECTIONS 
Several helminths inhabiting fish in the larval stages are capable of 
causing disease i f ingested by human beings, but these have a l imi ted 
geographical distr ibut ion. 
Man becomes infected only i f he ingests raw, insuff icient ly cooked, or 
improperly processed f ish. 

(i) TREMATODES 
There are over 40 species of trematodes which may cause parasit ic 
diseases in man (2) through the ingestion of raw or insuff ic ient ly 
cooked infected fish and shell f ish. 
They have a restricted geographical distribution and are not endemic 
in the South Pacif ic, but could be introduced. They have common 
characteristics in that their first intermediate hosts are molluscs, 
their second hosts are fishes or crustaceans, and their f inal hosts are 
humans or animals eating raw f ish. 
In man many of these trematodes parasitise the b i le ducts, l i ve r , 
and intestine, and may invade the lungs, brain and heart . 
The fol lowing diseases are important because they are fa i r ly 
widespread and can cause serious chronic disease in man : 

(a) CLONORCHIASIS 
Caused by Chlonorchis sinensis, sometimes cal led Chinese or 
Asiatic Liver Fluke Disease because i t causes serious l iver 
damage. 
The source of infection in man and animals is freshwater fish 
of the Cyprinidae fami ly (carp, roach, dace, tench, chub, 
barbel , bream, etc . .) eaten raw, par t ia l ly cooked, d r ied , 
salted or p ick led. 
Endemic in China, Japan, Taiwan, Korea and Vietnam, because 
of the practice of these people of cul t ivat ing fish in ponds 
fert i l ised with animal and human excrement. Can be introduced 
into non-endemic areas by imports of dried or p ickled f ish. 

(b) OPISTHORCHIASIS 
A disease similar to Clonorchiasis caused by Opisthorcis fel ineus 
and O . v ive r r in i . Endemic in Eastern Europe, Russia, Phil ippines., 
Ind ia, Thai land, Laos. 

(c) PARAGONIMIASIS 
Caused by Paragonimus westermani sometimes called Or ienta l Lung 
Fluke Disease because i t is endemic in China, Japan, Ta iwan, 
Korea, Phil ippines, and parts of India, A f r i ca , and South 
Amer ica. 
The sources of infect ion in man and animals are freshwater crabs 
and crayfish eaten raw or not thoroughly cooked. 
Affects primari ly the lungs, but may spread to other organs. 
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(i i) CESTODES 
The most important tapeworm l ike ly to infect man through eating 
raw or inadequately cooked fish is Diphyllobothrium latum. If the 
eggs from the adult worm in the intestines, of man or animals 
contaminate wateri through] sewage pol lut ion they develop into 
embryos,: which when, ingested by a, cope pod develop into a 
procercoid. When fish eat the infected copepod, the procercoids 
enter the bloodstream qqd. reach the muscles and other organs 
where they develop into plerocercoids. 
If raw fish muscle or roe containing the l iv ing plerocercoids 
reach the intestines of man or animals, the plerocercoids develop 
into adult tapeworms. In the, mature stage the worms can reach 
lengths up to 10 metres. 

a) DIPHYLLOBOTHRIASIS.: 
Caused by Diphyllobothrium latum. Sometimes eg I led Fish 
Tapeworm Disease. Endemic in Finland; N . W . Russia, USA 
(GreatLakes region), Alaska, Eastern Canada; Switzerland, 
Israel, Japan, Uganda, S. Amer ica, Austral ia, also possibly 
Papua New Guinea. 
The sources of infection in man and animals are many species 
of freshwater fish including salmon, trout, gray l ing, p ike, 
perch, barbel , burbot, ru f fe , e e l , etc . . . Freezing of fish 
for 24-48 hrs at 14°F (^ 10?C) or adequate cooking wi l l 
destroy the plerocercoid larvae (3). 

b) SPARGANQSIS 
Caused by the presence of migrating larvae of several species 
of tapeworm related to D. la tum. The plerocercoids of species 
other than D. latum are incapable of maturing to the adult 
tapeworm In man but migrate to the skin and subcutaneous 
tissues. 
Reported from Japan, Korea, China, Viernam, Indonesia, and 
USA. 
Water containing procercoids or infested copepods, and the 
meat of other animals are more frequent sources of this disease 
than fish (2) (3)/ 

( i i i ) NEMATODES 

There are a number o f roundworms which inhabit the organs of 
fishedting mammals, birds, and possibly predatory f ish, whose larvae 
can also infect man. The eggs of the worms must first reach water 
to mature and hatch. The larvae then enter copepods or molluscs 
as the first intermediate hosts, then f ish, Crustacea, repti les, birds, 
and mammals serve as secondary hosts. 
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Man is infected when he consumes infected f ish, terrestrial or 
aquatic molluscs, or Crustacea, in a raw, part ial ly cooked, p i ck l ed , 
smoked, or sl ightly salted condi t ion. 
In the fish host the larvae are encysted in the abdominal cav i ty 
or musculature and signs of disease are not apparent. 
Man is an abnormal host for these larvae, and whi le they cause 
l i t t le damage in their normal hosts, they may cause considerable 
damage in man. 
The fol lowing are of public health importance s 

a) EOSINOPHILIC MENINGITIS 
Also called Angiostrongyliasis or Eosinophilic Meningoencephal i t is . 
Caused by the rat lungworm Angiostrongylus cantonensis of which 
the third stage larvae are in fec t i ve . 
This disease is of considerable importance in the Paci f ic as i t is 
endemic in French Polynesia, New Caledonia, New Hebrides, 
the American Trust Territory and other Pacific Islands, H a w a i i , 
Japan, S.E. As ia , Thai land, Taiwan, Malaysia, Indonesia, and 
the Phil ippines. 
Although the intermediate host is usually a s lug, sna i l , or land 
planarian > prawns, f ish, and land crabs that have consumed 
snails or slugs also transport the infect ive larvae. 
Man is infected by eating raw salads, fruit or vegetables 
contaminated by infected molluscs, or infected raw or insuf f ic ient ly 
cooked prawns, crabs or fish (4). 

b) ANISAKIASIS 
Caused by the larvae of Anisakis marina. 
The larvae occur in many marine fishes, and man is infected by eating 
raw or improperly processed f ish. 
Occurs in Japan, Europe, and other countries where the consumption 
of raw fish is customary, and distribution may be wor ldwide. 
Exact l i fe cycle not fu l ly known. 
The parasite is k i l led by heat and freezing. 

c) GNATHOSTOMIASIS 
The adult parasite Gnathostoma spinigerum is usually found in cats, 
dogs, pigs, and some other animals, and the disease is found mainly 
in Thai land, Japan, China, Ma laya , Java, India, and Israel. 
Eggs of the adult worms are passed in faeces, and on reaching 
water hatch into small first stage larvae which i f ingested by a 
copepod continue to develop. When the infected copepod is eaten 
by a f ish, f rog , snake, or b i rd , the larvae develop further and 
become encapsulated in the flesh of the host. Upon ingestion by 
man or other animals the parasites migrate through the tissues 
causing lesions or abcesses. 
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Man therefore becomes infected wi th G.spinigerum through 
the ingestion !of improperly cooked f ish , frogs, birds, drtd 
snakes containing the encapsulated larvae (3). 

(dj INTESti jNAL CAPILLARlASIS , 
Caused by nematode parasite Capi l lar ia philfppiriehsis ' . '"•-• 
Endernic in the Philippines and Thai land. Man is infected by 
eating raw or undercooked freshwater fish harbouririg infective 
larvae, but the l i fe cycle of the parasite is uncerta in. 
Various animals including goats, water buffalo, dogs arid pigs 
are suspected of being the principal hosts. 
Fish in lagoons in the Philippines have been shown to serve as 
intermediate hosts (5) (3). 

2 .5 BIOTOXINS OF FISH A N D SHELLFISH AFFECTING M A N 
Although only a small proportion of, the specie? of fish and 
shellfish used for human consumption throughout the world are 
l i ke ly to contain biotoxii is whiqh affect man, this type of 
poisoning is not an uncommon hazard in the Pacific and other 
tropical and sub-tropical waters, 

Many of the fish caught local ly around the Pacif ic islands, 
part icular ly reef fish at certain times of the year and in certain 
plates^ may be; poisonous. 
In the Pacif ic area we are concerned wi th three important types of 
toxic fish poisoning which are fa i r ly widespread - Ciguatera 
Poisoning, Tetraodon Poisoning and Scombroid Poisoning. With 
regard to shel l f ish, both molluscs and crustaceans have. from time 
to time been incriminated in cases of suspected toxic shellfish 
poisoning. The most wel l -def ined and dangerous is Paralytic 
Shellfish Poisoning. 
Fish poisoning caused by the ingestion of fish containing these 
natural ly occurring toxins is general ly called " ichthyosarcotoxism " . 
(For further information readers should consult the SPC handbook) (6). 

(?) CIGUATERA POISONING 
Is a term used to describe a disease that may result from eating 
any of a number of species of tropical marine fishes and is 
characterised by gastrointestinal and neurological symptoms. 
Ciguatera poisoning appears to present the most serious fish 
poisoning problem in the Pacif ic due to its fa i r ly widespread 
occurrence, and the large number of food fishes that may 
harbour the tox in . 
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The fishes implicated in outbreaks of Ciguatera poisoning are 
usually closely associated wi th reefs and shallow water areas 
around islands. 
They include snappers, groupers, barracuda, parrot f ish, 
surgeonfish, jacks, seabass, wrasses, perches, and others. 
Little is known about the origins of the Ciguatera t o x i n , 
although research is currently being carried ou t , but i t is 
generally assumed that fish become toxic because o f marine 
environmental factors. 
The possibil ity is that the toxin originates in a benthic 
organism (probably an alga) and is transmitted to fish through 
the food chain in the process of normal feed ing. 
Fish which are poisonous cannot be readily i den t i f i ed , because 
the toxin does not produce any distinguishing physical 
characteristics, and no simple scienti f ic test yet exists to detect 
the t ox i n . 
The toxin is also heat stable. 

(i i)TETRAODON P O I S O N I N G 
Results from eating improperly prepared fish of the Tetraodontidae 
fami ly, commonly known in English as pufferf ish, bal loonf ish, 
blowfish, or globefish, and in Japanese as " Fugu " , from the 
tropical regions of the Paci f ic , A t lan t i c , and Indian oceans. 
Most of the outbreaks have occurred in Japan, where " Fugu " 
is considered a de l i cacy . 

The tox in , which is heat stable, appears to be concentrated in 
the gonads, l iver , b i l e , sk in , and certain parts o f the f lesh. 
Intoxication causes serious illness wi th a high mortal i ty ra te . 
Very special care has to be taken in the preparation of this 
fish to render i t innocuous. 

( i i i ) SCOMBROID P O I S O N I N G 
Is an a l le rgy- l ike intoxicat ion caused by toxins produced by 
certain bacteria arising from the unhygienic handl ing, stor ing, 
or processing o f the pelagic mackerell ike fishes of the Scombridae 
family such as tuna, bon i to , skipjack, spanish-mackerel, e t c . . 
These fish become dangerous to eat when certain strains of the 
bacterium Proteus morganii act on a natural ly occurring substance 
in the flesh of scombroid fish called Hist id ine. 
This bacterial act ion can be very rapid in tropical climates i f 
the fish are badly stored or not properly refr igerated, and can 
occur without any of the usual signs of putrefact ion. 
The toxin is also heat resistant which is a signif icant factor in 
fish canneries. 
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Thus, although pelagic fish contain no known acquired toxin 
whilst a l ive in the sea; they can become toxic through improper 
arid unhygienic handling after capture. ! 

(iv) PARALYTIC SHELLFISH POISONING 
Is caused by a highly tox i c , heat stable t px i r i , causing t ing l ing , 
numbness, paralysis, collapse,' and in severe cases, death. 
Outbreaks have been reported in N . America, Europe, A f r i ca , 
As ia , and the Pacif ic Islands. ; 
It is thought that the toxin originates in; certain types of 
dinof lagel lates, a very minutei form of plankton! c algae which 
are used as food by f i l ter feeding bivalves such as, oysters, 
mussels, cldms, e t c . . PSP usually occurs only when shellfish 
are taken from ah area affected by " red tides " ; These occur 
mosf fred1u«eritly in the tropical and sub-tropical oceans at seasons 
when the temperature and nutr i t ional factors of the water are 
favourable. Shellfish feeding on this type of plankton during the 
" red-t ide " season absorb 0 strongly poisonous t ox i n . 
The build up of toxin in the molluscs can take place over a 
few days, but even after environmental conditions return to 
normal , the natural loss1 of toxin from the molluscs may take 
several weeks. 

Since the appearance of toxic plankton is sporadic i t is very 
d i f f i cu l t 0 to te l l when shellfish are l i ke ly to become t o x i c . 
However, ih areas where shellfish are cultured commercial ly, i t is 
possible to monitor the toxin content on a routine basis. 
When the concentration of toxin exceeds the accepted level 
harvesting should be prohibited unt i l subsequent tests prove 
satisfactory. 
Other types of invertebrates including crabs, lobsters, crayfish, 
squid, cuttleiffsSr, e t c . , may cause toxic illnesses in man from 
time to t ime, but the precise cause of the tox ic i ty is often 
unknown (2) (3). 

2 .6 CHEMICAL, RQISCpNING 
The presence in the aquatic environment of naturally occuring 
chemical substances plus other pol lutants of man-made o r i g i n , can 
cqusej chronic intoxicat ion, of fish and shellf ish, making their 
consumption, injurious tq man. The most serious pol lut ion arises from 
the discharge of industrial effluents and wastes containing the heavy 
metals such as mercury,, lead, cadmium, arsenic, cobal t , copper, 
and other hazardous chemical substances, into oceans, lakes, and 
r ivers. An example is the numerous cases in Japan in recent years 
of "Minamata Disease" due to organic mercury poisoning. 
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2 .7 POISONING BY CONTACT 
Ichthyoacanthotoxism is the specif ic term used to designate intoxicat ion 
resulting from injuries produced by the stings, spines, or teeth of 
venomous fishes. 
There are many marketable and non-marketable fish taken during 
fishing which have these venomous characteristics, inc luding 
stingrays, cat f ish, stonefish, scorpion f ish, butterf ly f i sh , eels, 
e t c . . Severe pa in , shock, paralysis, cardiac and respiratory distress, 
may result from such in tox icat ion, and even deaths have been 
reported. 

3 . THE QUALITY OF FISH A N D FISH PRODUCTS 
3.1 Aspects of " qual i ty " include such matters as : 

(i) the size and maturity of the l ive animal 

(ii) the physical condition of the l ive animal relat ing to age , season 
of the year, feeding, environment, e t c . . 

( i i i ) the method of catching used, eg , spearing, dynami t ing, 
poisoning, type of t raw l , e t c . . 

(iv) the health of the l ive animal in relation to its diseases 

(v) the degree to which the l ive animal may have absorbed 
poisonous chemicals from its environment 

(vi) the post-mortem condition in relat ion to staleness or spoilage 
when used for processing or for sale for human consumption. 

3.2 The first three aspects are related to the methods and techniques o f 
the fisherman, season of the year, environmental condit ions, e t c . . 
and w i l l not be considered here. 

3.3 The natural diseases of fish and shellfish are of importance as they 
affect the physical condition of the fish and may make them 
unmarketable even though the diseases may not be transmissible 
to man. 

3 .4 The accumulation of harmful chemical substances wi th in the bodies 
of fish may make the fish potent ial ly harmful for human consumption 
without detectable organoleptic changes. This has assumed greater 
significance in recent decades as a result of environmental pol lut ion 
of coastal waters and rivers. 
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3 .5 Stateness and spoilage is of paramount importance in the qual i ty 
control of fish and fish products as these conditions make : the ar t ic le 

r : Qffen?!ve / unmarketable, or unsightly, and can also cause Jllness 
^ in man, •.. 

3 .6 The last three aspects w i l l therefore be reviewed. 

3 .7 DISEASES OF FISH A N D SHELLFISH 
TO BACTERIAL DISEASES of fish and shellfish are caused almost 

exclusively by bacteria specif ic to this group of animals. 
However, fish and shellfish can become active, pr passive 
carriers of V ibr io parahaemolyticus in contaminated areas and 
infect man through consumption of raw or inadequately cooked 
or preserved fish and shell f ish, and it is thought that this 
organism may also cause disease and mortal i ty in some fish and 
shellfish. 
Several species of mycobacteria cause chronic disease in over 
one hundred Species of freshwater and marine f i sh . Fish 
occasionally suffer from a form o f tuberculosis causing soft 
yel low deposits in l iver , stomach, intestines, and abdomen 
resembling lesions similar to tuberculosis in other animals. 
It is not pathogenic to man. 
" Salmon Plague " caused by Bacillus salmonis pest is spreads 
rapidly and has a heavy mor ta l i ty . It causes white patches on 
sides, be l ly and head, which turn to spreading ulcers. 
"Furunculosis" an infectious disease of freshwater fish caused 
by Bacillus sdlmdmcida causes boils which break down and 
ulcerate (2) (7). 

(i i) VIRAL DISEASES 
Fish suffer from a number of chronic and acute viral diseases 
which affect the qual i ty of fish as food, but at the present 
time none of them are known to be transmissible to man (2). 

( i i i ) FUNGUS DISEASES 
A few fish diseases are caused by fungus infections which can 
affect the appearance of f ish , but there is no evidence that the 
fungal diseases of fish are transmissible to man. 
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(iv) TUMOURS 
It is known that fish are subject to a variety of neoplasms and 
neoplastic transformations in a l l types o f cel l and tissue. 
Sarcomata producing coarse fibrous growths may occur in any 
si tuat ion. 
Osteomata are not uncommon. 
Epitheliomata causing epi thel ia l ulcers may be caused by 
chemical irritants in polluted waters. 
Fish affected wi th tumours and ulcers are unfi t for food (2) (7) . 

(v) PARASITIC DISEASES 
Fish and shellfish are af f l ic ted wi th a large number of parasites 
of different types, but some of the parasites that are pr imari ly 
pathogenic to fish are known to be pathogenic to warm blooded 
animals, including man. 
Helminths inhabit ing fish in the larval stages as intermediate host 
and capable of causing infections in humans have already been 
reviewed in para 2 . 4 . The adult cestode Taenia tetrahynchus 
is found in the intestines of voracious f ish, such as skate, shark, 
dogfish, etc . . and the plerocercoid stage in smaller f i sh . 
Nematodes are qui te commonly found in the stomach, intestines, 
and internal organs of many f ish, and severe infestations may 
cause the fish to become weak and out of cond i t ion . In some 
cases the larval stages of these parasites may be found in the 
musculature. 

Fish are also subject to infection by a number of myxosporidian 
parasites, which render the fish unf i t for human consumption. 
" Nodular Disease " , Fish Pox " , or "Boil Disease" caused by 
Myxobolus pfeif far i invades the connective tissue and muscles 
of freshwater f ish, forming nodules and tumorous masses. 
" Twist Disease " caused by Myxostoma cerebral is affects young 
fish of the salmon fami ly , causing injury to cart i lage and 
surrounding tissue. 

" Wormy Halibut " caused by Unicapsula muscularius affects 
Pacific hal ibut , invading the muscle fibres and forming long 
swollen cysts (2) (7). 

POISONOUS CHEMICALS 
The absorption by fish and shellfish of poisonous chemicals from the 
aquatic environment has already been mentioned in para 2 . 6 . 
These days i t is a matter requiring special attention since concentrations 
of harmful chemicals in fish and shellfish in excess of permitted safety 
levels can only be detected by laboratory examinat ion. 
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When environmental contamination is suspected regular f ield 
monitoring should be carried out to assess the concentration of 
harmful substances in fish and shellfish taken from t h e d r e a , and 
the concentration of these substances in the water. 

3.9 SPOILAGE OF FISH A N D FISH PRODUCTS A N D SHELLFISH 
The most detrimental effects to the " qual i ty " o f fishy shellf ish, 
and fish products ar ise from,a series o f chemical arid biochemical 
processes of deterioration which may loosely be termed " spoilage " . 
No matter how healthy the or iginal animal is at i ts time of 
capture or o f what qua l i f y , spoilage w i l l occur unless correct 
procedures for post-mortem handling and storage are adopted. 

3 .10 Immediately a fish dies rigor mortis sets in fol lowed by the processes 
of decomposition. These are the result o f a series of complicated 
changes brought about in the dead fish by : 

(i) Bacterial act ion 

(i i) Biochemical act ion of enzymes which become act ive after death. 
(This is cal led autolysis or breakdown by self-digestion) 

(ii?) Chemical processes of oxidation causing ranc id i ty . 

3 .11 These chemical changes bring about irreversible changes in odour, 
f lavour, and appearance. 
Compounds are formed having a disagreeable taste and smell , and 
various gases and eff luvia are given o f f . The spoilage patterns 
in different types of fish tend to vary widely as regards time and 
effects o f spoilage. 

3.12 THE SPOILAGE PROCESS 
The fresh muscle of fish after catching is pract ica l ly free from 
bacter id, but there are bacterid natural ly present on the fish 
external ly and internal ly during l i fe whose action is harmless unt i l 
after death. In addit ion bacteria gain access to the tissues during 
the course ofsstsiting, handling and gut t ing , and increase in numbers 
even though the fish are i c e d . Recent investigations seem to 
indicate that the fish caught in unpolluted water carry only a few 
psychrophilic micro-organisms on the surface and in the guts. 
Most of the bacterial contamination found on landed fish appears 
to be related to unhygienic handling of the fish and bacterial 
growth during storage on board ship (8) . 
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3.13 Deterioration due to enzyme action is slow at first but becomes 
move rapid wi th t ime. This self-digestion in fish is an important 
factor because it is known that on i ce , ungutted fish deteriorate 
more rapidly than gutted f i sh . Deterioration is continuous from 
the fresh to the unfi t condi t ion, and in between these conditions 
the fish is becoming progressively " stale " . It is a question of 
degree, and a decision as to when and at what stage a fish 
passes from the stale but edible condition to the stale but inedible 
condition is one: of the di f f icul t ies facing inspectors, par t icu lar ly 
in tropical cl imates. 

3.14 TESTINQ FOR FRESHNESS 
Since freshness is important in determining the qual i ty of wet fish 
much research has been carried out in the search for suitable 
methods of assessment. 
Unti l the last decade or so, reliance has been placed mainly on 
wel l developed and wel l tr ied organoleptic tests. These have been 
based on changes in appearance of various parts of the anatomy 
such as eyes, g i l l s , be l ly cav i ty , e t c . , changes in texture o f the 
flesh and changes in odour. 

3.15 The disadvantages of these tests are that they require training and 
long experience and are dependent upon the opinion of the person 
applying them. A simple and unequivocal scient i f ic test for 
freshness would be of great advantage, and in recent years work 
has been undertaken on the development of suitable chemical and 
instrumental tests. 
These include tests such as the Trimerhylamine (TMA) Test ; the 
Total Vo la t i l e Bases (TVB) Test ; the Vo la t i le Reducing Substances 
(VRS) Test ; the Hypoxanthine (HXI) Test, and test ing instruments 
such as the Torry Freshness Meter ; the Intelectron Fish Tester,, 
and the Hennings Meter . 

3.16 In the United Kingdom the development of chemical and instrumental 
methods for assessing " freshness " of fish was stimulated by Britains 
entry into the EEC, and the consequent requirement to introduce 
grading schemes for wet f i sh . Trials appear to indicate that the 
instrumental methods are the quickest and most economical (9). 
In the Pacific area however, fish freshness and qua l i ty are st i l l 
largely determined by organoleptic methods. This work is carried 
out largely by Satinarions and Health Inspectors of the Public Health 
Authori ty under the provisions of the Food and Drugs Acts and 
Ordinances. 
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3 .17 IMPORTANCE OF TEMPERATURE CONTROL 
Although cold storage is o f v i ta l importance in qual i ty cont ro l , it 
can never improve qua l i f y . 
If cold storage or freezing processes are properly app l ied, in i t ia l 
qual i fy can be maintairted wi th in l imits so that the difference 
between! the :firidf;'tha'wed;;''produ'cf arid the fresh art ic le is smal l . 
Fish Which are physical ly damaged during catching or by rough 
handling after catching w i l l deteriorate very rapidly even under 
cold storage. 

3.18 Fish, depending on species, comprise 60 % - 80 % water, most of 
the remaining 20 % - 40 % being composed of proteins and fats. 
Although pure water freezes at 32°F (O^C) fish flesh does not 
begin to freeze unt i l about 30°F (-1 , l ° C ) . Most of the water in 
fish freezes at about 23 °F (-5°C) but complete freezing is not 
achieved unt i l the temperature reaches 0°F (-18°C). The interval 
between 30<>Ff 1.1 °C) dnd 23°F (-5°C) is called the " cr i t ica l 
range " (10)'; ! 

3.19 As the temperature of fish muscle fal ls below its freezing point , 
ice crystals begin to form throughout the tissue, and the size of 
these crystals depends upon the rate of f reez ing. The quicker the 
f reez ing, the smaller the crystals and the less damage to the 

• muscle f ibr i ls ; ' :' T,:' ; , ; ••••"•• ' ••'• 
If freezing time wi th in the cr i t ica l range is prolonged, then much 
larger ice crystals form in the space between the cells and rupture 
the muscle structure. 

3 .20 Af ter thawing, the muscle of slowly frozen fish is of much poorer 
qua l i t y because o f " dr ip " and protein degradation. Flavour and 
texture is also impaired because slow freezing results in a 
concentration o f salts and enzymes wi th in the cells producing 
spoilage changes that cannot be reversed when the flesh is thawed. 

3.21 Under British pract ice, " qu ick- f reez ing" is defined as a rate of 
freezing at which no part o f a fish or packet of fish takes more 
than two hours to cool from 32°F to 23°F (10). The temperature 
is then reduced to -̂  20°F (- 29°C) which is the recommended 
storage temperature for frozen f ish. 
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3.22 Even i f fish are correctly frozen within a few hours of catching 
and then stored at - 20°F, they w i l l not keep inde f in i te l y . 
When fish are f rozen, bacterial action is reduced, and below 
14°F (- 10°C) bacteria are prevented from mult ip ly ing and causing 
spoilage. Some bacteria are k i l l e d , but others w i l l remain dormant 
and become act ive again as soon as the temperature rises. 
Autolysis however, continues to some degree at temperatures below 
that at which bacterial act ion stops, and w i l l s t i l l go on at a 
slow rate at 0°F (- 18°C) or lower. Oxygen w i l l also at tack 

the fat in fish causing unpleasant rancid flavours, and dehydration 
may occur. 

3.23 At storage temperatures above - 20°F (- 29°C) these changes take 
place more rap id ly , and the l i fe of the product is reduced. 
To prevent deterioration over long periods in cold storage, i t is 
necessary to ensure systematic turnover of stock in cold stores 
at regular intervals. 

3 .24 HANDLING AFTER CATCHING 
The fisherman must bear much of the responsibility for the condit ion 
in which his catch reaches the consumer. 
Good handling of fish at sea should ensure that the catch retains 
its in i t ia l freshness so far as is possible unf i l land ing. The important 
requirements are : 

(i) to ch i l l the fish as rapidly as possible after catching 

(i i) to prevent the fish warming again 

( i i i ) to maintain a high standard of hygiene during storage and 
handl ing. 

Quick and ef f ic ient ch i l l ing of the catch to as low a temperature as 
possible without actual ly freezing the fish is essential i f spoilage 
is to be kept to a minimum. 
This means storage in i ce . 

3.25 Although pure ice melts at 32°F, the temperature of fish stored in 
crushed ice w i l l be about 3 l ° F . This is because the melt ing ice 
absorbs heat from the surroundings, and even the biochemical processes 
of spoilage produce heat which is absorbed by the i c e . It is therefore 
essential to distribute sufficient ice to ensure that each fish is 
surrounded by i c e . 
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However, uncontrolled slow freezing of fish should be avoided for 
the reasons already mentioned. 
The major cooling effect should be produced by the melt water 
f lowing over the whole f ish. Besides cooling the f ish, a free f low 
of melt water also washes away bacterial sl ime, b lood, and 
spoilage products and helps to preserve freshness. 
It is however important to ensure free drainage of melt wafer 
in order to avoid immersion of fish in dirty water. 

3 .26 Gutt ing should be carried out as soon as possible after catching, 
the object ive being to thoroughly clean out and wash the 
bel ly cavi ty and to bleed the f ish . 
The fish should then be washed in clean water to remove al l 

* blood and debris from the sk in , g i l l s , and bel ly cav i t y , before 
being put in i ce . Smaller species of fish which are not gutted 
must be handled wi th special care to prevent spoilage. 

3 .27 SHELLFISH - MOLLUSCS 
The molluscs exploited by man are divided into three classes : 

(i) the pelecypqds or bivalves such as oysters, scallops, mussels, 
clams, cockles, e t c . . 

(i i) the gastropods such as wink les, whelks, and other univalves, 
abalone, sea slugs, e t c . . 

( i i i ) the cephalopods such as squids, cutt lef ish, octopuses, e t c . . 

3.28 The natural ly occurring biotoxins of shellfish have already been 
mentioned in par 2 . 5 , but probably the most consistently serious 
health hazard arises from shellfish taken from beds polluted wi th 
sewage effluents or even raw sewage. 

3.29 Since molluscs are sedentary and w i l l grow best in the fert i le 
coastal or estuarine waters, layings are often found close to 
sewage eff luent out fa l ls . Shellfish taken from such areas are 
l ikely to be contaminated wi th human pathogens - mainly typhoid 
and salmonella,organisms and the virus of infectious hepatit is. 
More recently outbreaks of illness due to eating seafood 
contaminated wi th Vibr io parahaemolyticus have oecured in the 
USA, Hawaii and Japan. 

3 .30 Since many of these molluscs are eaten raw, or only l ight ly cooked, 
particular care is necessary to ensure that molluscs taken from such 
areas are not contaminated or are rendered safe by subsequent 
treatment. 
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3.31 Fortunately l ive shellfish rapidly cleanse themselves when placed 
in clean water , and this can be used as a method of pur i fy ing 
shellfish taken from polluted layings. 
The shellfish are placed in sterilised seawater so that they l i ve 
and function natura l ly , thereby ridding themselves of sewage 
matter and bacter ia. The water is made sterile by chlor inat ion 
(10 - 12 ppm) and then de-chlor inated wi th sodium thiosulphate 
before f lowing into the shallow tanks containing the shel l f ish. 
Two baths of 24 hours are required. 
Purification of bivalves may also be effected in 2 to 3 weeks i f 
the shellfish are transferred to unpolluted beds. 

3.32 Freezing in the raw condit ion is applied mainly to oysters, scal lops, 
clams, squids and abalones. 
On ly fish in the l ive condit ion should be used. Cold storage 
temperatures of about - 4°F to - 11 °F (- 20°C to - 24°C) are 
recommended (11). 
Other molluscs such as mussels, cockles, whelks, are cooked before 
f reezing. 

3.33 SHELLFISH - CRUSTACEANS 
Those caught for food are lobsters, crayf ish, crabs, prawns and 
shrimps. 
The shells of shallow water crustaceans are b lu ish-grey, they turn 
red on cooking due to chemical changes in the natural pigments. 
Crustaceans cast their shells (moult) during the breeding season, 
and they are then soft, watery, and unsound for f ood . 
Crustaceans are marketed l i v e , fresh or processed by f reez ing, 
canning, or d ry ing . Most are cooked before ea t i ng . 

3.34 Lobsters, crabs and crayfish may be stored a l ive in water or damp 
conditions for some time after catch ing. 
They should then preferably be cooked a l ive or before rigor mortis 
sets in to produce firm meat. 
A l l crustaceans may be stored chi l led or frozen unt i l cooking or 
processing can take p lace, but they must be ch i l led immediately 
after catch ing. 

3.35 Crustaceans are highly perishable and care must be taken to preserve 
the qual i ty during storage and transportation to consumer markets. 
Freezing is becoming more widely used in the preservation of 
lobsters, shrimps and prawns. A l l crustaceans may be frozen raw, 
but i f whole crabs or true lobsters are frozen and stored, d i f f icu l t ies 
are encountered in peeling subsequent to thawing and cook ing. The 
normal procedure therefore includes a heat treatment of the whole 
crustacea prior to f reez ing. Crabs are usually fu l l y cooked whi le 
lobsters may be cooked fu l l y or part ia l ly (11). 
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3 .36 Crustaceans should be chi l led rapidly immediately after catching 
and then frozen as soon as possible. Bulk containers should be 
plastic or 'giumrh;ium:vori<storrj'liesj|is1|eiel. During thawing, tem.peratures 
should not rise above freezing point , except for very short periods. 
Cold storage conditions of not less than - 21 °C (- 5°F) are 
recommended (11); ! ;, 

3 .37 Cooking is Usually; carried out at 200° '•# 212°F (93° - i 0 0 ° C ) -
shrimps for 2-5 minutes/ and crabs and lobsters for, 5-20; minutes. 
Although this I w i l l ,kHI:^:;a:ctJve,.micro-org^nrsm;S^vit,';W.iM- not k i l l 
spores, therefore subsequent) hygienic handling and good 
refrigeration, are very important, especially i f the cooked product 
is not l i ke ly to be heat treated again before consumption. 

3.38 In the handl ing, storage> and processing of crustaceans, strict 
observance of hygienic practices is important because, the large 
surface area to weight ratios>:and the large number of handling 
operations during processing make such products very susceptible 
to contamination and spoilage. 

3.39 Crabs and lobsters are subject to a form of deterioration known as 
" Black Spot " which causes a spotted discolouration of the shell 
and meat i f kept under prolonged cold storage. This form of 
spoilage is thought to be associated wi th the formation of melanins. 

3 .40 CAN NED FISH PRODUCTS 
So far as objectives and methods are concerned, the canning of 
fish products varies l i t t l e from the canning of other foods. Both 
enzymes and bacteria can be destroyed or permanently inactivated 
by adequate heat processing, and i f re- infect ion can be prevented, 
properly canned fish should keep almost indef in i te ly . 

3.41 The procedures involved in the canning process vary somewhat wi th 
the type of fish to be canned, but are basicqlly s imi lar. Firstly 
the raw chi l led fish is pre pa red for canning, secondly r i t is weighed 
and packed with o i l , sauces or other condiments into suitable cans, 
and th i rd ly the cans are evacuated and heat treated for the required 
time in high temperature retorts. 

3 .42 In the tuna canning process the frozen tuna is received from the 
boats and placed in cold storage. When required for canning i t is 
thawed, washed, cleaned and tr immed, and then precooked. 
After immediate cool ing it is then boned and cut up and f i l led 
into cans wi th vegetable o i l or water. The cans are then sealed 
and heat treated in retorts. In this process great care must be taken 
after pre-cooking not to a l low the fish to stand around in a warm 
condit ion or exposed to contamination. 
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3.43 Only the freshest fish should.be used for canning, and i t must 
be appreciated that whi le heat processing w i l l des troy bacter ia 
and enzymes, i t w i l l not destroy heat-resistant toxins that may 
have developed in the fish before canning. 
This is of particular significance in the canning of tuna and other 
fish of the Scombridae fami ly , which because of unhygienic handling 
before canning may have developed poisonous heat resistant 
scombroid tox ins. 

3.44 Spoilage of canned fish may be due to bacterial or chemical causes. 
Bacterial spoilage may be caused by inadequate processing or 
defective sealing of cans. This is best prevented by r ig id control 
over the whole canning procedure. The raw fish must be fresh and 
hygienical ly handled. The water for fish washing and can cool ing 
must be of dr inking water standard. O i l s , sauces, and food addit ives 
must be of good qua l i t y . 
Visual gauges or automatic recorders should be f i t ted to a l l stages 
of the processing plant to record temperatures, t imes, and pressures. 
Mechanical can sealing equipment must be regularly checked for 
eff ic ient funct ioning. 
Factory hygiene and personal hygiene must be maintained at a high 
leve l . 

3.45 Chemical spoilage is. caused by a reaction between chemicals in the 
fish or the sauces, and the internal surface of the can . This is often 
caused by defective internal lacquering of the t in plate a l lowing 
acids in the sauces and the fish to attack the t in or even penetrate 
to the steel . 
Crustaceans have the potential to produce sulphur compounds during 
spoilage which react wi th the t in plate to cause a dark staining 
due to production of iron and t in sulphides. Special lacquers or 
parchment l in ing of cans are used to prevent th is . 

3.46 OTHER FISH PRODUCTS 
Other types of fish products produced in l imited quantit ies in the 
Pacific Islands are smoked f ish, dr ied f ish, and salt cured f i sh . 
Since they are not produced on a commercial scale (except for 
the rather specialised Japanese Arobushi and Katsuobushi and 
Beche de Mer) they w i l l not be considered in this paper. 

http://should.be
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4 . PUBLIC HEALTH ASPECTS 
4 .1 From the aforegoing brief review of problems relating to the sdfety and 

qual i ty of fish and fish products produced in tropical and sub-tropical 
regions it w i l l be appreciated that the potential health hazards involved 
are not inconsiderable. 
In fact the matter was considered of sufficient importance for the World 
Health Organisation to convene an Expert Committee to consider these 
problems. 
The Expert Committee on Fish and Shellfish Hygiene met in Geneva in 
1973 and was opened by the Assistant Director General of WHO who 
stressed the increasing importance of the problems and the heed for 
public health workers to recognise rhe i rs ign i f icance. 

4 .2 In 1974 this Expert Committee published a report ent i t led "F ish and 
Shellfish Hygiene " . In its introductory remarks i t points out that due 
to the increasing use of the world's fishery resources and the increasing 
occurrence of newly recognised diseases in fish and shell f ish, it is 
t imely that an expert committee was set up tb deal specif ical ly with 
the public health aspects of fish arid shellfish hygiene; It also points out 
that although fish is a nutritious arid relat ively safe protein food, the 
extensive ut i l isat ion of fish as food raises public health problems that w i l l 
increase as new resources are exp lo i ted . This isi because > i n addition to 
transmitting many of the established foodborne microbial1 infections and 
intoxications there are also the dangers of other diseases more specif ical ly 
associated wi th f ish , shel l f ish, arid the aquatic envirorimeritvDiseases 
o f current concern include organic mercury pbisoriirig, b id- intoxicat ions, 
Vibr io parqhdemolyticus in fec t ion, parasitic diseases arid botulism. 
The report also points but that further problems arise because of the 
perishable nature of fish and shellfish and any consideration of hygiene 
cannot ignore the effect, of handling techniques on human pathogens as 
wel l as on spoilage organisms. 

4 .3 Food hygiene practices to control foodborne illnesses of microbial origin 
are wel l known to the publ ic health ..authorities. These measures are 
equally appl icable to qual i ty control in fish and shell f ish, and include 
the maintenance of high standards of hygiene and the proper use of 
heat-processing, cold storage brid other production and processing 
controls that have wide app l i cab i l i t y to a l l foods. 

4 . 4 Further publ ic health problems may arise as a result of aquatic po l lu t ion. 
This may necessitate the closure of shellfish beds and the relaying of 
moiluscan shellfish in clean areas or the provision of special treatment 
fac i l i t ies , the prohibit ion of marketing of species of fish known to be 
toxic at certain times of the year, the control of fish-borne parasites, 
and the control of man made aquat ic pollution arising from the discharge 
of effluents containing hazardous chemicals or micro-organisms. 
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In this connection i t is appropriate to quote the fol lowing from the WHO 
report : (2) (my underlining) : 

" The relationship between the environment and the hygienic qua l i t y of 
fish and shellfish eaten by man are the concern of publ ic health 
agencies at a l l levels, and the strategies to be adopted to improve 
qual i ty w i l l vary accondingly. Public health agencies should consider 
the following strat«gy, among others, to deal wi th the publ ic health 
aspects of environmental pol lut ion : 

(i) Public health agencies in co-operation wi th food scientists, 
epidemiologists, etc . . . , should identify substances present in fish 
and shellfish that are a potential risk to man, or that reduce the 
acceptabi l i ty of the product. This information must be sought from 
many sources, for such problems are mult idiscipl inary and 
public health agencies w i l l need to call on scientists from many 
different fields to enable them to make an accurate appraisal 
of the problem. 

(i i) Public health agencies should then determine whether or not such 
problems relate to the fish and shellfish resources w i th which they 
are concerned. This usually requires local investigations which should 
include : 
a) Monitoring of foodstuffs, including fish and shel l f ish, at the 

consumer level for the presence of potent ia l ly hazardous substances. 

b) Monitor ing the population to determine the pattern of food 
consumption, including that of fish and shel l f ish, to determine 
the magnitude and route of uptake of hazardous substances. 

c) Monitoring selected components of the population at risk to 
determine c l in ica l or subclinical effects caused by hazardous 
substances in food, including those derived from fish and 
shellfish. 

d) Monitor ing the environment to determine the distr ibution of 
hazardous substances and their l ike ly source. 

e) Addit ional specific scienti f ic and epidemiological investigations 
that might be indicated from information obtained through 
monitor ing. 

These investigations embrace a wide range of discipl ines, and the way in 
which the investigations should be directed and co-ordinated is a matter to 
be decided loca l l y , but i t is essential to maintain close co-operation 
between the various agencies and their scientists. 
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Wi th regard to fish and shellfish qua l i ty and environmental:; 
mon i to r ing , i t may be necessary for investigations to be; undertaken 
at a regional l eve l . In such circumstances, coordination should then 
be the responsibility of the accepted regional body competent to 
deal wi th- the problem. In order to -a l low the wider ' impl icat ions; of 
such studies to be considered the results of national and regional 
monitoring schemes, should be made avai lable to those agencies 
concerned wi th global mon i to r ing . 

( i i f ) From these ac t iv i t ies , pub)ic health agencies should the.n be able to 
assess whether or not the consumption of fish and shellfish from a 
part icular source presents an unacceptable risk to the consumer. 
The assessment of risk to the consumer as a result of accumulated 
hazardous substances int food and the relat ive role of fish and 
shellfish is complex. 
Some guidance in this can , however, be obtained from specialist 
publ icat ions. (12) Such assessments are part icularly d i f f i cu l t for 
fish and shellfish as many substances, part icularly heavy metals 
occur natural ly in the marine environment, and some species 
natural ly accumulate these substances. 
Where control measures are necessary, these can often be taken 
on ly after fu l l discussions wi th other bodies, for the cost of 
preventing environmentql^ppllyt ion, or of other steps to remove or 
reduce the risk to the consumer must be added to the social and 
economic costs that result from any act ion taken. 
Act ion that a public health agency may take, or may recommend 
to, other bodies for them to consider, include : 

(a) The prevention of contamination of the fish or shellfish by 
removal or reduction of the pol lut ing source (ie cessation 
of the pollut ing discharge or treatment of the discharge). 

(b) Treatment of the product to make i t safe for human consumption 
(eg. purif ication of shellfish to remove faecal pathogens). 

(c) Restriction^ on exploi tat ion of fish arid shellfish resources from 
specified areas (eg. iri areas polluted by metal l ic wastes). 

(d) Restriction on rate of intake of contaminated fish arid shellfish 
by the general publ ic or selected groups of the publ ic (in relation 
to cadmium, lead, and mercury in f ish). 
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In some instances one or several of these courses of act ion 
may be required. 
In many instances i t w i l l be necessary to maintain some of the 
monitoring actions described previous ly to assess the effects of 
the control measures taken. 
In view of the dynamic nature of aquatic environmental po l lu t ion 
and the increase in the amount of knowledge avai lable in this 
f i e l d , public health agencies at a l l levels need to keep these 
matters under constant review. 
Environmental investigations wi th in the general framework of 
those listed above should be considered whenever now areas or 
new species are being exploited " . 

Clearly the task of ensuring the safety and qual i ty of sea-food produced 
for human consumption is a complex problem involving the efforts and 
skills of a number of specialists in different professional f ields 
including fishery methods and techniques, marine ecology, environmental 
health and sanitat ion, and public health and food hygiene. 

Since the Health Author i ty has overall responsibility for the protection 
of public heal th , including the prevention of health hazards arising 
from the consumption of unsound or contaminated foods, i t is the 
responsibility of a l l Health Authori ty of f ic ia ls in whose area fish or 
fish products are produced to : 

(a) know the nature o f the water and the areas from which fish and 
shellfish are harvested 

(b) inspect and supervise the operation of establishments in which fish 
and shellfish are prepared for market 

(c) inspect and supervise transportation faci l i t ies 

(d) evaluate the e l i g ib i l i t y of exporters to export fish and fish products 

(e) inspect and supervise hygiene and sanitation in retai l establishments. 

(f) inspect plant fac i l i t ies and sanitary procedures and techniques in 
fish processing plants 

(g) advise on the drainage and sanitation of buildings and the disposal 
of o f fa l , wastes, and effluents from processing establishments. 
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5 . FOOD LEGISLATION 
5.1 The main objectives of fish and shellfish inspection and control are to 

ensure that the consumer receives a safe, wholesome, arid acceptable 
product* Consumers have the ; r ight to expect that the food they buy 
is safe to eat and of the qual i ty they expect, and most countries 
haiye,.fpod i control laws, requiring that this should be so. These: laws 
usually contain provisions .which enable the admihfstoring authority 
to implement the control requirements outl ined above. 

5 . 2 Thesepowers are generally embodied either in Public Health Acts or 
Ordinances or in food[control laws such as the Food and Drugs Act or 
Pure Fobd A c t , wi th subsidiary legislation made under these principal 
Acts and Ordinances. 

5 .3 In the United Kingdom, USA, and many other English speaking countries, 
including those of the South Paci f ic , much of this food control work is 

the responsibility of the officers of the Heal th Author i ty . In fact a very 
large part of the duties of Public Health Inspectors, San i tar ions, 
Sanitary Engineers and other authorised officers employed by Health 
Authorit ies is concerned w i th food inspection and food hygiene and the 
inspection of food processing and retai l ing establishments. 

5 . 4 Under the publ ic health and food control laws, these officers have 
power to inspect a l l types of food premises and food handling and 
processing equipment, and to examine and sample any food or food 
ingredient used in the manufacture or processing of foodstuffs for human 
consumption. 
They also have powers to detain or seize for condemnation, food which 
is considered to be unsound or unf i t for human consumption. 
They inspect and approve the drainage and sanitation of buildings and 
prescribe methods of treatment and disposal for effluents and wastes. 

5 .5 This system is frequently not appreciated in other countries where dif ferent 
Systems of administration prevail and where the Hea Ith Authori ty has no 
specialist off icer covering the broad f ie ld of environmental health 
including food cont ro l ; 

5 .6 So far as fish inspection is concerned, i t is significant to note that as 
from 28 August 1976 exportsef fish and fish products from the United 
Kingdom to France w i l l have to be accompanied by a health cer t i f ica te . 
This is the result of a Decree published by the French Government. These 
Health certificates are to be signed by Environmental Health Officers 
(Health Inspectors) of the local Health Authority or Port Health 
Authority. 
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5 .7 In the international f ie ld of food legislat ion, mention should be 
made of the Joint FAO/WHO Food Standards Programme whose 
main responsibility is the preparation of the Codex Al imentar ius. 
This is a col lect ion of internat ional ly adopted food standards 
presented in a uniform manner which aim to protect the consumer's 
health and ensure fair practices in the food trade. The Codex aims 
ult imately to include standards for a l l the principal foods, whether 
processed, semi-processed, or raw, for distr ibution to the consumer. 
The Codex also includes provisions in respect of food hyg iene, 
food addit ives, pesticide residues, contaminants, label l ing and 
presentation, methods of analysis and sampling. 

It also includes provisions of an advisory nature in the form of codes 
of pract ice,guidel ines, and other recommended measures intende*! 
to assist in acheving the purposes of the Codex Al imentar ius. 

6 . SITUATION IN THE PACIFIC ISLANDS 
6.1 Most of the Pacific Islands possess food control Acts or Ordinances 

and subsidiary food control legis lat ion, a lbei t much of i t is out of 
date and requires revision. Their Health Departments also have an 
establishment of health inspectors or sanitarians whose work includes 
the inspection and control of foodstuffs. 

6.2 So far as fish is concerned, i t is only in recent years that some 
Pacific Islands have turned their attention to large scale commercial 
fishing and the manufacture of fish products for export . 
In order to keep pace wi th this development, there is no doubt that 
an urgent need exists for addit ional training in the f ields of fish 
inspection and technology of those officers currently responsible for 
food inspection. 

6.3 Not only that , but the fac i l i t ies necessary for the proper catching 
and handling of fish are also often lacking - properly designed 
boats, ice in suff icient quant i t ies, good qual i ty water, e lec t r i c i t y , 
properly equipped markets and retai l out lets, and transportation. 

6 .4 A l l of these matters require special a t tent ion, part icular ly in tropical 
cl imates. However, in developing countries local economic and social 
considerations often make i t very d i f f i cu l t to effect improvements. 
Traditional subsistence methods are not suitable for commercial product ion, 
and education of the publ ic and persons engaged in fishing in the 
elementary techniques of handling and preserving fish is also of 
importance i f satisfactory results are to be achieved. 
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As the WHO Report (2) has pointed out in discussing the special 
problems of fish and shellfish hygiene in warm climates and 
develbjping countries : 

": Perhaps the most important single factor that w i l l improve the 
hygienic, qual i ty of fish and fish products is the introduction or 
extension of refrigeration faciIi.Hes or the use of i ce , especially 
on board fishing vessels* 
This technology is avai lable and the limitations are ent i re ly 
those of econpmics and education " . 

6 .5 The organisation, equipment, and personn©! necessary to achieve 
these improvements w i l l depend upon the size of the industry, the 
variety o f products, the prevai l ing health hazards, the type of 
domestic and foreign t rade, and not least the state of the local 
economy. 
However, the basic requirements to safeguard the health of the 
consumer should be provided, and these requirements should be 
enforceable by law. 

6 .6 Therefore i t must be acknowledged that in the Pacific Islands, 
and especially in those countries where fishing and the processing 
of fish products is developing on a commercial scale, there is a 
need for : 

(i) improved basic, training and refresher courses in f ish hygiene, 
inspection, and technology, for those persons involved in food 
inspection and control 

( i i) improvements in the basic faci l i t ies and amenities necessary to 
promote good hygienic practices 

( i i i ) improvements in food control legis lat ion. 

7 . WHOSE" RESPONSIBILITY ? 
7 .1 I now return to the question posed in the t i t le of this paper -

Whose responsibility should i t be to ensure the safety and qual i ty 
of fish and fish products produced for human consumption in the 
Pacif ic Islands ? 

7 .2 The WHO Report (2) recommends that - " The delegation of 
responsability for administration of a programme of fish inspection 
should be wel l defined and preferably ident i f ied with one agency. 
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Where possible, inspection should encompass a l l phases from 
cult ivat ion and harvesting to the f inal d istr ibut ion. Where there 
are limited resources, the inspection programme should be developed 
in stages starting with surveillance of cr i t ical points, such as 
landing and marketing places. Strict regulations as wel l as frequent 
and thorough inspections are necessary for fresh and frozen fish 
and shellfish that are to be consumed raw " . 

7 .3 Fish hygiene must be assessed from the viewpoint o f protection of 
human health, and since we are concerned wi th the safety and 
qual i ty of food for human consumption and the publ ic health 
consequences which may arise i f i t is unsafe or of unsound qua l i t y , 
then I have no hesitation in asserting that the overal l responsibil i ty 
should rest in the Health Author i ty . 

7 .4 In making this assertion, I am of course not unmindful of the 
essential skills which other highly specialised officers of other 
professions and disciplines can contribute to the attainment of these 
objectives. 
The inspection and control of fish and fish products at a l l stages of 
production should be part and parcel of a Public Health Service 
based on sound scient i f ic principles and performed by a team of specialists 
working in partnership to ensure that the products del ivered to the 
consumer are safe, wholesome, c lean, of good qua l i t y , and free from 
harmful toxins and chemicals which may have been absorbed from 
environmental sources. Such control requires close interdiscipl inary 
co-operation between the health officers and other professions, 
particularly fish technologists, microbiologists, toxicologists, and 
marine biologists. 

7.5 In many Pacific countries few, i f any , of these specialists or the 
necessary laboratory faci l i t ies are permanently ava i l ab le . In this case 
the Health Author i ty Officers must st i l l rely upon their own 
inimitable experience, local knowledge, and the wel l tr ied and 
time honoured organoleptic tests, to decide whether or not the fish 
is f i t for human consumption. 
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