




SPREP/Topic Review 19 
November 1984 

ORIGINAL: ENGLISH 

Suaaary in English and 
French 

SOOTH PACIFIC REGIONAL ENVIRONMENT PROGRAMME 

Noumea, New C a l e d o n i a 

TOPIC REVIEW 

POLLUTION SOURCES SPfiYEY QF THE KINGDOM QF TOMGA 

Richard H. Cbesher , Ph.D. 

C o n s u l t a n t 

SPC Library 

35620 
Bibliotheque CPS 

South Pacific Commission 
Noumea, New Caledonia 

November 1984 



P R E F A C E 

Twelve years ago, the United Nations Conference on the Hunan Environment 
(Stockholm, 5-16 June, 1972) adopted the Action Plan for the Human 
Environment, including the General Principles for Assessment and Control 
of Marine Pollution. In the light of the results of the Stockholm Confe
rence, the United Nations General Assembly decided to establish the 
United Nations Environment Programme (UNEP) to " serve as a focal point 
for environmental action and co-ordination within the United Nations 
system " (General Assembly resolution XXVII of 15 December 1972). The 
organi2ations of the United Nations system were invited " to adopt the 
measures that may be required to undertake concerted and co-ordinated 
programmes with regard to international environmental problems ", and 
the " intergovernmental and non-governmental organizations that have an 
interest in the field of the environment " were also invited " to lend 
their full support and oollacbration to the United Nations with a view 
to achieving the largest possible degree of co-operation and cc^ordination ". 
Subsequently, the Governing Council of UNEP chose " Oceans " as one of the 
priority areas in which it would focus efforts to fulfil its catalytic and 
co-ordinating role. 

The Regional Seas Programme was initiated by UNEP in 1974. Since then, the 
Governing Council of UNEP has repeatedly endorsed a regional approach to 
the control of marine pollution and the management of marine and coastal 
resources and has requested the development of regional action plans. 

The Regional Seas Programme at present includes eleven regions (1) and 
has over 120 coastal States participating in it. It is conceived as an 
action-oriented programme having concern not only for the consequences but 
also for the causes of environmental degradation and encompassing a 
comprehensive approach to combating environmental problems through the 
management of marine and coastal areas. Each regional action plan is formula
ted according to the needs of the region as perceived by the Governments 
concerned. It is designed to link assessment of the quality of the marine 
environment and the causes of its deterioration with activities for the 
management and development of the marine and coastal environment. The action 
plans promote the parallel development of regional legal agreements and of 
action-oriented programme activities (2). 

(1) Mediterranean, Kuwait Action Plan Region, West and Central Africa, 
Wider Caribbean, East Asian Seas, South-East Pacific, South Pacific, 
Red Sea and Gulf of Aden, East Africa, South-West Atlantic and South 
Asian Seas. 

(21 UNEP : Achievements and planned development of UNEP's Regional Seas 
Programme and comparable programmes sponsored by other bodies. UNEP 
Regional Seas Reports and Studies No. 1, UNEP, 1982. 



R E S U M E 

Sont presentes dans ce rapport les resultats d'une etude des sources de 
pollution au Royaume de Tonga. Les rlsques eoologiques les plus algus 
sont dus aux rejets des eaux usees des installations touristiques et aux 
techniques de pacta e destructives qui causent la mort des coraux. Les 
risques chroniques sont dus a 1*utilisation de peintures au plonb dans 
les canalisations d'adduotion d'eau, a 1'usage croissant des pesticides, 
a l'envasement des ports et a la construction de chaussaes san systemes 
de drainage. 

Les mesures proposees pour prevenir tout risque futur de pollution sont 
notamment des restrictions aux importations de produits obimiques 
dangereux, 1*amelioration de la gestion des dechets solides, la 
prevention des deversements d'bydrobarbures et des etudes d1impact sur 
1'environnement. 

La semaine nationale de l'evironnement, le projet d*installation de 
fosses septiques, le plan de oreation d'un centre des petites industries, 
1'operation "vanille", 1'amelioration de la raffinerie de coprah, la 
legislation relative a la protection de 1•environnement sont des mesures 
positives allant dans le sens de 1'amelioration de la qualite de 
1'environnement. 
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SOUTH PACIFIC REGIONAL ENVIRONMENT PROGRAMME 

POLLUTION SOURCES SURVEY OF 

THE KINGDOM OF TONGA 

INTRODUCTION 

1. The Kingdom of Tonga, in its 1980 summary of environmental 
conditions (SPREP Country Report 13), indicated its need to review 
ecological conditions and possible sources of pollution, to create "a 
working foundation of knowledge" with which the Government could 
safeguard its natural resources and public health. 

2. The South Pacific Commission, through its South Pacific Regional 
Environment Programme agreed to provide assistance with an inventory of 
Pollution Sources within the Kingdom and Dr. Richard Chesher of the 
Marine Research Foundation was funded to conduct the survey. 

3. A pollution sources survey is a tool developed by the United 
Nations Environment Programme (UNEP) and the World Health Organization 
(WHO) to facilitate environmental management. It results in a document 
which contains an inventory of discharges of pollutants into the sea, 
rivers, or estuaries of an area. The document provides a single 
location for important information about discharges as well as maps 
showing their location and the nature of the environment where the 
effluent is discharged. 

4. An inventory of pollution sources has a wide range of uses for 
environmental protection. For example: 

Obtaining the location, characteristics and expected impact 
of existing discharges. 

Establishing which sources need monitoring programmes and 
where to locate sampling s i t e s , measurement frequencies, and 
assessment of environmental effects of the discharges. 

Definition of pollution control programmes and formulation 
of pollut ion control laws and regulat ions. 

Preparation of preliminary environmental impact assessments. 

Finding essent ia l information for quick pollution control 
action in the event of severe environment-related public 
health problems. 

Discovering links between pollutants and diseases. 
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Improving future site selection and construction practices 
for discharges. 

5. In general, pollution sources surveys are useful for formulation of 
environmental protection policies in national development plans, and in 
allocating resources and setting priorities for environmental health 
and pollution control programmes. 

DEFINITIONS 

6. STUDY AREA: Coastal areas of the Kingdom of Tonga from Tongatapu 
north to Vavau, and including Nomuka, Hifaava, Lifuka, and Foa. 

7. POLLUTION: The Intergovernmental Oceanographic Commission defines 
marine pollution as: 

"The introduction by man, directly or indirectly, of 
substances or energy into the marine environment (including 
estuaries) resulting in such deleterious effects as harm to 
living resources; hazards to human health; hindrance to 
marine activities including fishing; impairing the quality 
for use of seawater and reduction of amenities." (UNESCO, 
1982). 

8. HEALTH HAZARDS: Pollutants which directly endanger human health 
through contamination of food or water, including: 

Microbial Pollutants including viral, bacterial, fungal, and 
parasitic organisms generally from sewage discharges. 

Organic Chemicals including pesticides, medicines and drugs, 
industrial dyes, petroleum products, and PCB plasticizers 
used for road surfacing, electrical transformers, newspaper 
print, etc. 

Metalic Poisons such as lead, mercury, cadmium, and arsenic, 
which may accumulate in foods. 

9. ENVIRONMENTAL HAZARDS: Pollutants which endanger the health and 
productivity of marine and terrestrial ecosystems. These are also 
hazardous to humans because of the resultant loss of essential 
life-support functions including food, shelter, and circulation of 
nutrients. Economic loss may also result from ecosystem degradation 
when valuable plants or animals are lost. 
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10. In addition to the pollutants listed above as dangerous to human 
health, environmental hazards include: 

Destructive fishing techniques such as poisons or coral 
breakage. 

Siltation 

Thermal discharges 

Pesticide residues 

Blockage of water flow and/or migration routes 

Land fill activities 

11. ENVIRONMENTAL CAPACITY: The rate of introduction of a pollutant 
which will not result in major adverse ecosystem changes. 

12. CRITICAL TARGETS: Key organisms, processes, or conditions which, 
if killed or altered through pollution, will result in far ranging 
degradation of the ecosystem. 

Stony Corals, for example, are vital to the productivity of 
the Tongan marine environment and, if these are destroyed, 
the productivity and stability of coastal areas will 
decrease. 

13. Critical Targets and environmental capacities are often not known 
and difficult to discover. Ideally, however, when standards are set 
for various pollutants, the most sensitive critical organism which 
might be killed or injured must be the one on which minimum discharge 
rates are set. 

14. Critical Targets can also be conditions such as aesthetic quality. 
An example might be degradation of a scenic beach by litter, garbage, 
or oil spills. 

15. ACUTE HAZARDS: Cases in which pollution has already exceeded 
critical levels and action is required immediately. In terms of human 
health, this would indicate pollution which is of immediate danger. In 
cases of environmental hazards, this indicates conditions in which the 
environmental capacity has been exceeded and critical targets are in 
rapid decline. 

16. Acute condition also refers to poisoning or illness which may 
result in death. 

17. CHRONIC HAZARDS: Cases in which pollution is causing long-term 
degradation. In terms of human health, this would include low level 
poisoning from lead in paints and pesticide build-up. In environmental 
hazards it refers to trends in environmental degradation such as 
siltation of harbour areas and subsequent ecosystem decay. In general, 
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chronic conditions are less obvious and require longer periods of 
treatment. 

18. Chronic condition also refers to levels of poisoning or illness 
which do not result in death but may lower growth rates, reproductive 
ability, resistance to other stresses, or slowness of response. 

METHODS 

19. Pollution Sources Surveys are designed to provide an inventory of 
industrial and municipal sources of pollution. WHO/UNEP methodologies 
were derived for large-scale analysis of continental, industrialized 
land masses. In general, the first stage of these surveys is to list 
the industrial activities and consider their probable discharge of 
pollutants based on existing information. 

20. Because most Pacific Islands have little industrial activity, 
SPREP decided to take the pollution sources survey to the second stage: 
examination of the discharges and the coastal and marine environment. 
Thus, a more field-oriented approach was used in Tonga as a model for 
future SPREP Pollution Sources Surveys. 

21. A team was assembled with the Ministry of Lands, Survey and 
Natural Resources, the Ministry of Health, and the SPREP project 
director. The team was comprised of: 

SPREP Project Director: Richard Chesher, Ph.D. Marine 
Ecologist. 

Project Co-ordinator: Taniela Tukia, Physical Planner, 
Secretary to the Energy Committee, Ministry of Lands, Survey 
& Natural Resources. 

Public Health Inspector: Lelea Tuitutou, Senior Public 
Health Inspector of the Environmental Section of the 
Ministry of Health. 

Economic Impact Inspector: Viluila Mafi, Land Evaluator, 
Ministry of Lands, Survey & Natural Resources. 

Surveyor: Fredrick Wolfgramm, Ministry of Lands, Survey & 
Natural Resources. 

22. Following a two-day discussion on the goals and methods of 
conducting a Pollution Sources Survey, the team drew up a list of 
activities which might be causing pollution (Table 1). Data sheets 
were designed and printed to record specific information about each 
pollution source during the progress of the survey (Figure 1). 
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TABLE 1 

ACTIVITIES INVESTIGATED FOR POLLUTION SOURCES 

AGRICULTURAL AND LIVESTOCK INDUSTRIES: 

Feed Factory (Under Construction: Discharge to treatnent plant and 
Drainage field). 

Chicken Layers (All wastes used for fertilizer or feed. Smell 
reported to be disturbing in one of the three 
examined). 

MANUFACTURING; 

Slaughter Houses (2) (Wastes used as feed or fertilizer, waabings 

to septic tank and drainage field). 

Poultry Processing (No discharge). 

Sausage Packing Plant (No discharge, washing to septic tank). 

Milk Plant (No discharge, washing to drainage field). 

Fruit Canning (Small Industries Center, Under Construction). 

Fish Market (Washings into sea). 

Coconut Oil Refining (No discharge). 

BEVERAGE INDUSTRY: 

Two soft drink bottling factories (wash water to drain field). 

INDUSTRIAL CHEMICAL MANUFACTURE; 

Paint Mixing (solid waste, container, and lead problems). 

Soap Manufacture (no discharge, solid wastes used for fuel). 

POWER PLANTS; 

Tongatapu (discharge of thermal effluent, oil & detergent) 
Lifuka (no discharge). 
Vavau (no discharge). 
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TABLE 1: ACTIVITIES INVESTIGATED (Continued). 

SEWAGE PLANTS; 

Primary treatment with effluent pumped to drainage ponds; no 
discharge into marine or river environments. 

Vaiola Hospital 

Liahona High School 

Tukutonga 

HOTELS AJ»p PUBLIC B9ILPIMGS; 

Dateline Hotel (Discharge of septic tank overflow onto reef). 

Friendly Island Motel (No discharge) 

Good Samaritan Inn (No discharge but solid waste disposal problem). 

Paradise Hotel (Septic tank overflow onto reef). 

Public Toilets in Neiafu Harbor (Septic tank seepage onto reef). 

Public Buildings (Septic tanks to drainage fields). 

Stowaway Motel (Septic tanks for each duplex, drainage fields). 

Vavau and Lifuka Hospitals (Septic tanks with drainage fields). 

GROUND WATER RON-OFF FROM ORBAN AREAS! 

Street drains in Nuku'alofa and Neiafu. 

SOUP WASTE PISPOSAL; 

Litter (generally not a severe problem except Neiafu waterfront). 

Tukutonga (Mangrove f i l l ) . 

Makeke (Ocean dump). 

Fangaeva (Mangrove fill). 

Sludge Drying Beds (Tukutonga, Vavau, no problems observed). 
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TABLE 1: ACTIVITIES INVESTIGATED (Continued). 

QPAflRIES AMP LAMP FILLS; 

Nukualofa waterfront and Queen Salote Wharf (Lagoon a i l t a t i o n ) . 

Neiafu wharf (Lagoon s i l t a t i on ) 

Lauaki Quarry (Lagoon s i l t a t i on ) 

Tukutonga Quarry (No discharge) 

Vaina Quarry (no discbarge) 

Causeways in Vavau (2) and Ha'apii (1) (Water c i rcula t ion stopped). 

GRODND WATER RUN-OFF FROM AGRICULTURAL LANflS; 

Pest ic ides and F e r t i l i z e r s in Toogatapu, Lifuka, and Vavau. 

Experimental farms (Tongatapu, Lifuka, Vavau). 

Farm areas (Tongatapu, Lifuka, Vavau). 

FISHING ACTIVITIES 

Poisons, coral breakage. 
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Figure 1 . Data Sheets for Tongan Pol lut ion Sources Survey, 

S T A T I O N NUMBER 

NAME AND L O C A T I O N 

MEANS OE DISCHARGE 

MAI' OF DISCHARGL S i I 

MAI' Rl L SLOE NOW 

MON I I'OR 

WATCH 

Ok 
Lol I LI ION 

I NDEX 

< I ml i c;i t c : W i nd Dih'i'i urn, N> >t i h , i m ii'iiis, Wave Ai I i i »n > 
lJ Phut uyi apli t ;jkcii 1 linn 1 u • i « . .n luu .-.iiuws angle ol v l P U 

TYT'E OE WASTE 
AMOUNT OE WASTE 
PERIODIC DANGERS 

DILUTION AT DISCHARGE POINT Good: I .ill. Pop-llC 
Comments: 

BIOLOGICAL AND PHYSICAL CONDITIONS ol RECEIVING WATER: 
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USES OF STATION AREA; Fishing swimming 
Food Gathering (List kind of food taken» 

Tourism. 

OTHER US?-S_ 

ALTERNATIVE DISPOSAI 

RECOMMENDED ACTION 

INSPECTOR DAT! 

PHOTOGRAPH: Taken at location marked "i1" on the chart. 
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23. Previous studies done in Tonga on the subject of pollution and 
environment were reviewed (see References). It was noted that such 
studies were not readily accessible and it is recommended that: 

RECOMMENDATION 1: A central library be established 
containing all reports, studies, documents relative to 
pollution and environment conducted within the Kingdom of 
Tonga. This reference library should be indexed according 
to subject and author and kept in the Department of Lands, 
Survey, and Natural Resources. 

24. Such a library is essential to the quality and quantity of work 
produced by anyone working in the environmental field in Tonga. 

25. All of the places listed in Table 1 were visited by the team and, 
data sheets filled out for those activities which had a discharge into 
the marine environment or which might indirectly contribute to marine 
pollution. 

26. In addition, a general inspection of the marine communities was 
conducted by the Project Director at locations indicated on Figures 2 
through 7 and Table 3 (see Atlas page 49). 

27. The survey was primarily an examination of potential pollution 
sites and a visual, qualitative inspection of discharges and their 
apparent impact on the marine communities. Possible pollutants 
normally associated with specific activities are itemized in the data 
sheets or in the discussion of findings. Samples were analyzed in two 
instances: Sewage discharge from the Dateline Hotel (Station 102A 
Tongatapu) and Lead in Paint. 

28. Color photographs of the discharge sites were taken which will 
provide base-line information on the abundance and distribution of 
organisms in the vicinity of the various discharges. 

ACUTE HAZARDS: 

SEWAGE DISCHARGE FROM TOURIST FACILITIES (Stations 102A Tongatapu, 101 
and 108 Vavau). 

29. The Dateline Hotel, Paradise Hotel, and the Public Toilets on the 
Neiafu Wharf receive wastes from thousands of tourists each year. 
These people come from all over the world and may carry a wide range of 
communicable diseases including cholera, typhoid, hepatitus, as well as 
numerous parasites. 

30. These, and other, ailments can be transmitted by sewage to marine 
organisms such as clams, and thus into the Tongan community if these 
organisms are eaten. 

31. The Dateline Hotel discharges up to a million gallons of effluent 
per month onto the reef flat immediately adjacent to the fish market. 
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Shellfish are often stored or washed in the water which is directly 
down-current of the hotel effluent. People were observed collecting 
shellfish to eat within 20 meters of the discharge pipe. 

32. The discharge pipe originally extended to the reef edge but has 
been broken and discharges onto the reef flat itself. Samples from the 
pipe showed no chlorine ions and coloform bacteria counts higher than 
could be counted. 

RECOMMENDATION 2: Put signs surrounding the reef area 
between Yellow Pier and the Vuna Wharf written in Tongan 
indicating the water is polluted and forbidding swimming or 
fishing or washing of food in the water. Repair and 
activate the chlorinator on the septic tank storage tank. 
Build appropriate drainage fields for the septic tanks. 

33. The existing system assumes the chlorination will work 
continuously, which it obviously does not. It also fails to allow for 
short, but perhaps deadly, lapses of operation during which shellfish 
might become infected and remain contaminated for days. 

34. The Paradise Hotel has septic tanks (see data sheet 101 Vavau) and 
a drainage field on the north end of the hotel grounds. Bathroom 
drains in the hotel began backing up several years ago and the 
management decided the drainfield, which is on a steep slope above a 
cliff, was inadequate. A trench was dug from the septic tank overflow 
through the drainage field and a pipe laid to allow the septic tank 
effluent to flow over the cliff. 

35. The flow was observed at a moderate rate over a period of several 
weeks, beginning when the hotel was fully occupied and continuing even 
when the occupancy rate dropped. 

36. The overflow runs down a heavily vegetated slope and then over a 
rocky beach and into the Neiafu Lagoon. The survey team suggested that 
the management contact a competent septic tank expert to expand the 
system and repair the drainage field. 

37. The hotel is in the process of expanding its capacity. There is 
reason to believe the existing septic tank facility will not be able to 
handle this increased load. 

38. It was also noted that trash was thrown over the cliff by the 
hotel staff littering the lagoon coastline. 

RECOMMENDATION 3: Test the effluent from the drainage field 
at the Paradise Hotel and insist on adequate sewage 
facilities before allowing further expansion of the hotel 
capacity. 

39. The public toilets on the main wharf at Neiafu have a septic tank 
with a very small drainage field (data sheet 108 Vavau). At low tide, 
seepage was observed from the bottom of the wall streaming over the 
tidal flat into the lagoon. This flow should be sampled and tested 
and, if required, a larger drainage field installed. 

14 



RECOMMENDATION 4: Sample seepage from the base of the Nelafu 
waterfront seawall to see if it is from the public toilets 
and take corrective action if necessary. 

40. Cruise ships, fishing vessels, merchant ships and yachts present a 
somewhat different problem. Some ships discharge sewage directly into 
the water while others have holding tanks and discharge these at sea. 
A questionnaire was prepared and observations made to determine bow 
many yachts had sewage holding tanks aboard and how many people from 
yachts utilized public or hotel toilet facilities ashore. These 
questionnaires have not yet been received from the Tongan Government 
and so no conclusions can be made at this time. However, the most 
serious dangers may be avoided if health officials check the 
international vaccination certificates of passengers and crew for 
cholera, typhoid, smallpox, and other diseases of epidemic concern. 

DESTRUCTIVE FISHING TECHNIQUES AND CORAL REEF DEATH 

41. During the Pollution Sources Survey and the related Black Coral 
Assessment Project, the project director noted many dead and dying 
coral reefs. Figures 2 to 7 (see Atlas, page 49) show which reefs were 
examined, and Table 3 (Page 58) lists conditions found at those reefs. 
The geographic distribution, depth of coral kill, species involved, and 
relative time of coral reef death, judged from the level of coral 
breakdown, indicate a slowly developing problem with multiple causes. 
The matter deserves a more complete analysis but, one major cause of 
coral mortality was identified as destructive fishing techniques during 
subsistence and commercial fishing. 

42 Men and women were observed killing coral during of their food 
gathering activities. In the past, when women and children walked the 
reefs at low tides, they went bare-foot and carried sticks or nothing 
at all. Today most reef walkers are shoed, some booted, and they carry 
bush knives, crow-bars, iron poles, and even hammers. 

43. The reef-walkers use these new tools to pry loose and break up the 
living coral. They walk through the small branching coral thickets 
leaving a trail of smashed coral behind. 

44. Rocks and corals which are turned over are not replaced in their 
original position, thus leaving the eggs and smaller encrusting sea 
creatures to die. 

45. Octopus, which formerly were caught with lures or by hand are now 
often broken out of their nesting sites, destroying the habitat as well 
as the nesting females and their eggs. 

46. Men also break the coral during fishing activities. I witnessed 
fishermen breaking coral while taking vasua from the reef. It is a 
common practice to put a net across a lagoon entrance and, as the tide 
falls, break the coral and turn over rocks in the lagoon to chase the 
fish into the net. 
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Hj. Coral t h i c k e t s a re sometimes ba t t e r ed to rubble to chase the 
smaller reef f i s h in to enc i rc l ing n e t s . 

48 . Poisons are a l so used to catch f i s h . Some of these a re t ox i c to 
cora ls and small i n v e r t e b r a t e s and k i l l a l l the f i sh inc lud ing 
j u v e n i l e s . Both natural t o x i n s and a r t i f i c i a l poisons ( including 
sodium hypochlorite and p e s t i c i d e s ) can c r e a t e long term coral 
des truct ion . 

CORAL INFECTIONS AND PREDATORS 

^9. When the cora l i s broken, e s p e c i a l l y the more f r a g i l e Acropora 
cora l s , i t becomes i n f ec t ed with a b lue-green a lgae ; probably of the 
genus O s c i l l a t o r i a (Antonius 1977) . The a lga l i n f e c t i o n spreads from 
the wound to k i l l the whole coral colony (Figure 8 ) . 

Figure 8 . Coral infected with bluegreen algae dying on the reef edge. 

50. Numerous in fec ted , but unbroken, co lonies were observed in areas 
where coral breakage was common. The d i s t r ibut ion of the infected 
specimens indicated that the a lgal in fec t ion could spread from damaged 
corals to undamaged ones. There are several poss ib le ways t h i s can 
happen including transmission by water-borne f i laments . 

51 . Each coral colony has numerous small crabs, shrimp and f i sh which 
l i v e in the protect ive branches. When the coral d ies these a s s o c i a t e s 
move elsewhere. I observed that a crab from a partly dead colony had 
small strands of the blue-green algae on i t s l e g h a i r s . I a l so 
observed that i f the crab was put i n t o another coral colony the crabs 
already there fought with the intruder. I t i s l i k e l y that during the 
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fight the fragile coral tissue could be damaged and infected. 

52. When the coral colonies are broken loose and thus damaged and 
infected, they roll around in the surf and damage adjacent colonies, 
infecting them at the same time. These may be washed into the lagoonal 
areas or out the reef cuts into deeper water, damaging and infecting 
corals in the deeper water. 

53. In addition, the battered, infected corals and increasing areas of 
dead reef tends to force coral predators into smaller areas of live 
coral. Thus I observed coral colonies with huge numbers of predatory 
snails, and a large population of crown-of-thorns (Acanthaster planci, 
fig. 9) and Cushion (Culcita sp.) starfish. 

Figure 9. Acanthaster planci. the Crown of Thorns starfish eating 
coral at the edge of a damaged coral reef. 

54. As these coral predators are forced together they experience 
increased breeding success as well as decreased predation from their 
predators (which are collected for food or sale) and their populations 
increase(Chesher, 1969). 

55. The end result is a spread of dead and dying coral from the 
shallow water into the adjacent, deeper water. 

CATASTROPHIC CORAL DEATH VIA S.D.R. 

56. When corals are subjected to stress, such as abnormally high or 
low temperatures, fresh water, excessive siltation, pesticides, 
phosphate starvation, breakage or abrasion results in the rapid death 
of the whole coral colony. This reaction was named Shut-Down-Reaction 
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because the coral colony seems to stop some critical physiological 
reaction and the tissue comes off the skeleton in long strings. 

57. If these strings of dying tissue come in contact with other corals 
which are also under stress, the other corals begin to undergo the saae 
S.D.R. and die. Thus, it is possible for coral breakage at extreme 
low tides or in the rain to result in a massive death of corals over a 
large area. 

58. All of the above factors probably have contributed to the large 
number of dead coral reefs we observed. The project director witnessed 
destructive fishing on several reefs and found numerous coral colonies 
whioh were infected by blue-green algae. Populations of Aoanthaster 
Plancif the Crown of Thorns Starfish and of Culcita spf the Pin Cushion 
Starfish (both coral predators) were abundant on many reefs, especially 
near dead reefs. 

59. David McLean, a long-time resident of Vavau, observed the 
destruction of a reef over a 9 year period and wrote a report on this 
for the Governor of Vavau, 

LOSS OF A CRITICAL HABITAT 

60. The coral reef ecosystem produces fish, clams, oysters, lobsters, 
octopus, and many other protein rich foods for the people of Tonga. 
These are wild foods and are dependant upon the living reef habitat for 
survival. When a coral reef is reduced to dead rubble the yield of sea 
food is likewise reduced. Vhen a coral reef habitat is destroyed, 
especially when fishing pressure continues, it may never recover. 
Figure 10 compares a live reef area with an area which has been 
destroyed by fishermen. 

61. In areas where coral destruction has been complete the people have 
shifted their search for the larger reef creatures to smaller, less 
appealing organisms like tube worms and chitons. To extract these they 
apply their steel and iron impliments with a great deal of energy. It 
is unlikely corals could regrow with such continued activity. 

WHAT CAN BE DONE? 

62. I interviewed several people about the issue of coral breakage. 
They all said that the Tongan people did not consider coral as being 
"alive" or as being important to fish or lobsters they hunted. As one 
Pollution Sources Survey team member remarked after interviewing 
fishermen about the coral reef degradation, "The fishermen know nothing 
about coral, just how to catch fish." 

63. The women do not know that there are eggs of many fish and 
invertebrates under the rocks- they turn over; they don't know they 
SHOULD turn rocks back the way they found them. 

18 



Figure 10. A living coral reef in Vavau (top photograph) contrasted 
with a dead coral reef nearby (lower photograph). Local residents say 
fishermen broke the coral to frighten fish into their nets. 
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64. Two educational thrusts are required to reduce coral damage during 
subsistence and commercial fishing activities. The first involves 
preparation of educational materials to be incorporated in the Radio 
Tonga Educational Programme and into the school system. 

65. The second involves production of an educational video and is 
aimed at the adult public who, after all, are creating most of the 
problem and who are least likely to be willing to abandon their fishing 
methods without a major revision in their thinking. 

66. The first step requires the preparation of educational materials 
on the following topics: 

1. Why coral is important. 

2. Dangers to the Living Coral Reef. 

a) Breakage 

b) Infections 

c) Poisons 

d) Predators 

e) Shut-Down-Reactions 

3 . Why reef-top rocks must be turned back to their original 
position. 

4 . Reef Improvement 

67. Several approaches to delivering this information are available: 

1. Environmental Radio 

2 . Educational Radio 

3 . Newspaper art ic les 

4 . Classroom Posters 

5. Educational Video 

68. The information must be presented in Tongan and be highly 
illustrated. A suggested work plan for this program might be divided 
into four phases: 

Phase 1. SPREP prepares educational information with photos and 
illustrations on the above mentioned topics. 

Phase 2. SPREP delivers materials to Tonga and holds a government 
meeting with officials from the Department of Lands, Survey & 
Natural Resources, Fisheries, Radio, Newspaper, and Education. 

20 



Phase 3 . Tongan of f ic ia l s prepare t rans la t ions and presentations 
of the materials as they find appropriate. 

Phase 4. When materials are in the f ie ld , SPREP to return and 
prepare educational video to show how the Tongan people respond to 
the material and adjust the i r fishing behavior to protect and 
improve the coral r ee f s . 

69. This l a s t phase i s probably c r i t i c a l to the success of the project 
as i t not only provides information on the re la t ive success of the 
various types of information dissemination but i t i s a direct incentive 
for the people who are being filmed to actually change their behavior. 

70. When complete, the video could be u t i l i sed in the educational 
system of Tonga, made available at the numerous video renta l s to res , 
shown publicly, and ( i f the system i s complete) broadcast nat ional ly. 

71 . Some vi l lages are more destructive in the i r fishing habits than 
o thers . Because some of these v i l lages are known as "fishing v i l lages" 
they might be approached to help with development of new and 
non-destructive fishing techniques, thus adding a contest to the s p i r i t 
of the programme. 

72. The "rules" of the contest would include finding ways to fish 
without breaking the coral or destroying hab i ta t s , burrows, or rocks, 
and identifying ways of reef fishing which might improve i t s general 
hea l th . 

73. The video, played back to the v i l lagers as i t i s being made, could 
include a comment from the National Government on the importance of the 
project , a comment from the local governor on willingness to cooperate 
and the response to these comments by the vi l lage elders and the 
fishermen. 

74. When non-destructive systems of fishing have been filmed, the 
v i l l ages would have neccessarily committed themselves to protect the i r 
eoral reefs with appropriate behavior. This commitment, viewed 
publicly and in the educational system, would provide continued support 
for the ideas. 

75 . Productive new, non-destructive fishing techniques might be 
developed during the exercise, and at l eas t some of the older fishing 
techniques such as the use of lures to capture octopus, can be 
r ev i t a l i zed . I t i s most important, however, that constraints on 
destruct ive fishing techniques be imposed as quickly as possible. 
Since i t i s probably impossible to do t h i s with l eg i s l a t ion , i t must be 
accomplished with the will ing help of the Tongan public. 
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RECOMMENDATION 5 : P repare 

1. Educational materials on the importance of 
and dangers to the coral reefs and what needs to 
be done. 

2 . Posters on "Don't Break the Coral" and "Turn 
the Rocks Back Over". 

3 . Educational Radio programme on Coral Reefs. 

4 . Newspaper Art ic les on Coral Reefs and the 
danger of thei r death. 

5 . Environmental Radio and Talk-Back Radio on 
Coral Reefs and Fishing techniques to save them. 

6. A fact-sheet covering a l l aspects of the 
problem. 

7 . A video for pub l i c and educa t iona l use 
showing Tongans working t o improve t h e i r c o r a l 
reef environments . 

CHRONIC HAZARDS 

LEAD IN PAINT. 

76. Lead i s a cumulative, poisonous, heavy metal which can cause 
far-reaching health and environmental problems. I t s most hazardous use 
has been as a paint addi t ive . As the paint film breaks down the lead 
i s d is t r ibuted in to the island ecosystem along a variety of pathways. 
I t can accumulate in p lants , animals, and people. 

77. There are s t r i c t regulat ions on lead use in most countries. 
During the Pollution Sources Survey i t was discovered that the Asian 
Paint Company was importing a lead addi t ive to be used in i t s paints. 
Formulae for their pa in ts , mixed a t the factory a t the Small Industries 
Centre, indicated many of the i r products contained lead in aaounts 
which represent health hazards. 

78. The Golden Yellow and Canary Yellow paint , which might be used on 
i n t e r i o r surfaces or even on toys, contain lead additives which would 
require warning l abe l s in most countr ies . 
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~9. Rooforite paints were sold in cans labled "Lead Free" and are 
widely used for rain catchment surfaces. The formula for this paint 
included "0.913$ Lead Napth" hardener and tests of the paint product by 
Dr. Morrison of the University of the South Pacific showed it 
contained enough lead to ban its use around children or on interior 
surfaces in New Zealand. It exceeds the permissible level of lead 
content for any water catchment surfaces. 

80. In addition, raw Lead Napthate hardener was observed spilled on 
the floor of the factory and at least one empty drum containing this 
toxic chemical was sold to the public for uses unknown. 

81. Lead free paints are manufactured in most countries because of the 
wide-spread health problems associated with lead and children. The 
extent and seriousness of this problem has received wide-spread 
attention during the 1970's, 

82. Many cities in the United States have active programmes to 
eliminate this hazard through repainting, wall-papering, and paint 
stripping. Testing blood samples from children on a large scale, 
called Lead Screening, is common to identify areas of high 
contamination. 

83. The most serious danger from lead poisoning is its low-level 
damage to brain tissue. The symptoms may be vague, including 
aggression, weakness, clumsiness, loss of intelligence. Its most 
common target is children under age 6. 

RECOMMENDATION 6: Label all paint containers containing 
leaded paint with clear health hazard warnings in both 
English and Tongan. As soon as possible ban the import of 
lead chemicals into Tonga except for critical needs. Shift 
to the use of non-leaded paints, especially in public 
buildings, schools, interior use around children, and on 
water catchment systems. 
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TABLE 2 

PESTICIDES FOUND IN THE TONGAN ENVIRONMENT 

Samples taken by Niels von Keyselinpk, 1980 

Analyzed by Pesticide Analytical Laboratory, B.P.1, Manila, Philippines 

SAMPLE 

CABBAGE 
BANANA 
CUCUMBER 
TOMATO 
WATER 101 
WATER 102 
WATER 103 
WATER 104 
WATER 105 
WATER 106 
WATER 107 
WATER 108 
WATER 109 

MILK 

HUMAN FAT 

T LINDANE 

0.08 
0.05 
0.02 
0.01 
0.21 
0.15 
0.23 
0.07 
0.40 
0.06 
0.30 
0.06 
0.14 

0.02-0.1 

HEPTACHLOR 

0.01 

0.16 
0.23 
0.18 
0.03 
0.23 
0.01 
0.17 
0.01 
0.01 

0.03-0 .05 

T ALDRIN 

0.09 
0.03 

0.09 
0.08 
0.11 

0.13 
0.04 
0.08 

0.01-0. 

ENDOSULFAN 

0.06 

0.01 

0.09 
0.04 
0.10 

07 

T DD* 

0.02 

0.04 

0.05 
0.02 
0.07 
0.02 
0.04 

0.09 

1.4-

Vegetables, milk, human tissues as mg/kg. Water as mg/litre. 
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~ESTICIDES: A CHRONIC ENVIRONMENTAL HAZARD 

8^. The danger of pesticides to human health is well known and 
warnings appear on pesticide product labels and in the Pesticide 
Handbook prepared by the Ministry of Agriculture, Fisheries and Forests 
(MAFF). 

85. Discussions with the research division at the Experimental Farm in 
Tongatapu indicated that the Ministry is sensitive to, but largely 
uninformed about, long-term environmental hazards of pesticide use to 
wildlife, soils, and especially marine ecosystems. 

86. Tonga imports and uses an increasing amount and variety of 
pesticides. The long-term effects of these are often unknown, 
especially with respect to coastal and marine ecosystems. Many 
pesticides or their break-down products are toxic and long-lasting. 
Many of them, including all the chlorinated hydrocarbons, build-up in 
living systems, especially in the higher predators such as birds, 
predatory fish, and humans. 

87. Pesticides enter the marine environment by rain water run-off, 
aerial overspray, burning of pesticide coated plants, washing of 
pesticide containers, disposal of used pesticide dips, and 
intentionally as fish poisons. Corals are especially sensitive to a 
wide spectrum of pesticides (Chesher 1971) and the evident decay of 
coral systems in Tonga may be related to pesticide use. Other 
organisms, such as molluscs, shrimp, lobsters and fish have been shown 
to be pesticide sensitive. The extent of pesticide intrusion into the 
Tongan coastal waters has not been measured, but should be. 

88. MAFF conducted a survey of pesticides in well water, vegetables 
and people. The results are summarized in Table 2. The health 
implications of these findings are not known, and the samples are 
extremely limited. The data clearly show, however, how DDT is 
accumulated in human tissues. Although not tested, other predators 
would show a similar accumulation of DDT. Birds, reptiles, fish, and 
many invertebrates suffer reduced reproductive capacity, neural 
disorders, and if the levels are sufficiently high, death from such 
accumulation. 

89. Figure 11 shows the increased water use by the people of Tongatapu 
over the past 13 years. The problems associated with water recharging 
and the possible increase of contamination of the water lens with 
increased flushing rates is a subject of great concern. 
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Figure 11. Increase in fresh water use on Tongatapu. 
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90. Poisoning of the watertable with pesticides or their residues is a 
considerable risk. The water lens of Tongatapu (Figure 12) underlies 
agricultural areas and while the depth contours of the water lens seen 
deep enough in the central areas of the island to filter out the 
pesticides there are areas on the edge of the aquafer and perhaps rock 
outcroppings through which water containing pesticide residues could 
reach the drinking water. The more water soluble compounds may even 
move directly into the aquafer through the soil. 

91. The most serious danger, in addition to contaminating the water 
and food supply, health effects, the impact on marine ecosystems, and 
the destruction of important insects (like bees), birds, and other 
wildlife, is the danger of poisoning the soil and thus destroying the 
productivity of garden land. 

92. This has been a serious problem in many places in the world. 
Recently, for example, the build up of copper from long term spraying 
of coffee plantations in Africa reached a point where no crops at all 
would grow in the soil. 

93- Once soil is poisoned, it may be unsuitable for growing crops 
until (and if) the soil is reconditioned. In many cases, the soil 
cannot be saved and becomes permanently barren. 

94. There should be an investigation into the question of soil 
degradation from pesticides in Tonga. The team found some evidence 
that this may be a problem. 

95. Compare the two graphs in Figure 13. The first shows the rapid 
increase in pesticide imports. The second shows agricultural exports 
from Tonga. 

96. The exports were divided into crops which were grown without 
pesticides and those crops which "required" the use of pesticides. The 
crops which did not have pesticides applied increased markedly in 
export value over a 13 year period while those crops which were treated 
With pesticides declined in total export value. 

97. Does this decline in production reflect decreasing soil fertility 
due to pesticide poisoning of the soil ecosystem? 

98. The experimental farm in Vavau has several tracts of land which 
have declined in productivity to the point where crops, especially 
vanilla, grow poorly. Production rates from land which was once part 
of the experimental farm are far below those from land further away, 
and vanilla plants grown there were observed showing signs of stress 
(B. Davis, J. Dequaire, and personal observations). 

99. It is of interest that the most valuable crops of Tonga, including 
coconuts and vanilla, do not need pesticides. The low value (in terms 
of money) banana crops and (in terms of nutrition and money) watermelon 
crops are the largest pesticide users. From a biological viewpoint, it 
would seem reasonable to reduce pesticide use and concentrate on crops 
of high value for export and high nutritional value for local 
consumption. 
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Figure 13. Are pesticides poisoning the soil? Despite increased 
pesticide use (top graph) crops grown with pesticides have decreased in 
value compared to crops grown without pesticides (bottom graph). 
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Figure 14. Compare the increase in imported food to exports of food. 
Economically as well as ecologically, growing nutritional food for 
local use is better. Vegetables grown for local consumption in small 
mixed gardens need less pesticides and are better suited to organic 
farming. 

30 



lOn 

9 -

o 
o 

X 

w 
• J 
Pu 
o 
w 
ft 

7-

3-

2 • 

1 1 , 1 1 1 , 1 1 I ' I ' I ' I I 
10 20 30 40 SO 60 70 80 

Figure 15. The graph of the population increase in Tonga is identical 
to a graph of the need for additional land for food production, living 
space, and support services. The arrow leading upwards from 1966 
represents the true population growth. Migration of Tongans to other 
countries results in the number of people counted in the 1976 Census. 

100. Figure 14 shows that the export value of agricultural products is 
falling far below the increasing cost of importing food to Tonga. This 
clearly demonstrates the increasing value of Tonga's Garden land for 
nutritional cropping. 

101. Figure 15 shows the rapid increase in people in Tonga. 
Increasing numbers of people automatically means increased land use, 
especially to meet future requirements of highly nutritious food. The 
additional people require living space as well as food and thus garden 
land becomes still more critical. Use of land for roads, schools, 
buildings, industrial activities, disposal of wastes, construction 
materials, and other demands of a larger population all compete with 
the use of land for growing food for Tongan people. 

102. These considerations, plus the impact of agricultural poisons on 
marine resources, make pesticide use a very serious matter. 

103. Methods of farming without pesticides are known. The Principal 
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Agricultural Officer of Vavau, Haniteli Ofa Fa'anunu, is an expert in 
gardening without pesticides and his expertise could be usefully put 
into the school system and agricultural extension system as part of an 
"organic farming" curriculum. 

RECOMMENDATION 7: Develop a pesticide free gardening 
curriculum for the school and extension educational system. 

104. The Director of the Research Division of MAFF suggested that 
SPREP conduct an investigation into the ecological impact of various 
pesticides as a service to its member countries. A list of hazardous 
pesticides and their deleterious effects would provide the Agricultural 
Plant Protection Officers with information which is otherwise not 
available or difficult to obtain. 

RECOMMENDATION 8: Investigate the impact of pesticides on 
the public health, ground water resources, soils, wildlife 
(including bees and birds), and marine ecosystems of Tonga. 

RECOMMENDATION 9: Shift towards non-pesticide using crops 
and farming techniques as soon as possible and reduce 
pesticide use to cases of absolute necessity. 

105. The Ministry of Health uses pesticides on the public solid waste 
dumps (stations 108 Tongatapu & 103 Vavau). Both dumps are located on 
the edge of intertidal mangrove swamps and are, in fact, filling these 
productive ecosystems. (Problems associated with filling mangrove 
areas are discussed by Dahl (1978), Ludwig (1980), and Wolterding 
(1983)). The pesticide used for fly control is Vapona and the 
container has a warning printed on it that the pesticide must not be 
used near waterways, drainage areas, or coastlines as fish and other 
aquatic organisms are highly sensitive to it. The subject of solid 
Waste disposal is covered in section 6 of this report, but the use of 
Vapona in a mangrove area should be discontinued and alternate 
pesticides considered. Diatomaceous Earth, a powdery white substance 
made of diatoms, has been used successfully for fly control and it is 
not toxic. 

RECOMMENDATION 10: Discontinue Vapona use on public solid 
waste sites adjacent to mangrove areas. 

SILTATION OF HARBOURS AND REEFS 

106. Data sheet 109 shows the Nuka'alofa waterfront. Construction 
activities have been underway on the Queen Salote Wharf, Boat Basins 
and Sea Walls for many years. During the survey the Queen Salote Wharf 
and main sea wall was under active construction. In periods of heavy 
rains, silt plumes were observed coming from the construction sites. 

107. The silt plume settles into the deep water of the Nuku'alofa 
Lagoon and resides there for long periods of time, gradually settling 
to the bottom or washing out of the narrows with the tide. 
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108. Examination of the deep water fauna of the lagoon, specifically 
the black corals, indicated that this periodic siltation was creating 
considerable stress. 49 percent of the commercially valuable black 
coral colonies which were observed were dead, but still standing 
(Chesher 1984). Some of the colonies appeared to have been dead for 
some time and were encrusted with other organisms. 

109. Divers for black coral also reported that 4 out. of 5 colonies 
which they collected were already dead. 

110. The reef flat along the waterfront is heavily silted but supports 
a sparse sea grass community. 

111. Evidence of siltation stress was observed on several coral reefs 
surrounding the lagoon, especially in deeper water. 

112. Similar problems were seen in Neiafu Harbour in Vavau. Because 
of the steeper land gradients in Neiafu, siltation during heavy rains 
is a greater danger than in Tongatapu. Construction activities 
associated with the wharf and siltation of Vaipuua Lagoon by run off 
from a quarry (Data sheet 107 Vavau) created stress on the lagoon 
fauna. 

113. When construction work is carried out adjacent to lagoons 
(harbors) silt screens may be employed to reduce damage to the marine 
communities. These are simply heavy plastic sheeting suspended from 
floats. They are widely used in coastal construction in the United 
States. 

114. Quarries should be constructed in locations and in such a way as 
to minimize siltation of the marine environment. If poorly 
constructed, a quarry can go on silting an area for many years after it 
is abandoned. If properly constructed, a quarry need not create 
siltation problems and can, in fact, become a useful area. Thus, a 
quarry can result in a sports arena, with tiered seats, a swimming 
area, a hole to put trash into, or a boat basin depending on where and 
how it is built. 

115. Topsoil and plants should be applied to construction sites or the 
loose rock topped with concrete as soon as possible to reduce 
siltation. 

RECOMMENDATION 11: Apply soil and plants or concrete to 
harbour construction sites as soon as possible to reduce 
siltation from rain water run-off. 

RECOMMENDATION 12: Use s i l t screens and s i l t -p reven ta t ive 
construction techniques when doing required construction on 
lagoonal coas t l ines . 

RECOMMENDATION 13: S i te quarr ies inland, in locations where 
ra in water run-off wil l not foul marine resources, or use 
s i l t -p reven ta t ive precautions ( i e . dikes and plugs would be 
a good idea for the area being dredged east of Queen Salote 
Wharf). Design the quarry to resu l t in a useful area when 
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It is finished. 

CAUSEWAY BLOCKAGE OF WATER FLOW & MIGRATION ROUTES 

116. Passes between islands are important, highly productive, marine 
environments. They permit flushing of lagoons, circulation of water 
and plankton for corals and fish, and provide pathways for fish 
migrations and larval release. 

117. The causeway between Lifuka and Foa islands (Data sheet 101 
Haapai) in the Ha'apai Group has no ducts to permit water flow to 
continue through this pass. Reef degradation in the area to the west 
of the causeway was observed and fishermen from the area claim the 
reefs no longer are the excellent fishing grounds they were before 
construction. 

118. The Causeways between Vavau and Koloa (Data sheet 109 Vavau) have 
no ducts to permit water flow. Haniteli Ofa Fa'anunu, who lives just 
to the seaward of one of these causeways, reports that when the 
causeways were rebuilt in 1980 without water ducts, there was a die-off 
of the clam "Kaloaa to'o". In addition, there was a seasonal mullet 
run through the pass. The mullet entered into the huge tidal lagoon to 
spawn. The causeway has eliminated the fish run and may have reduoed 
the mullet population of the area. 

119. The Causeway between Pangimotu and Vavau (Data sheet 110 Vavau) 
has three small water ducts but water circulation is restricted and the 
flushing rate of Neiafu Lagoon is thus reduced. 

120. Other causeway construction has been planned for the future. It 
is less expensive to install water ducts during initial construction 
than to have to put them in later. In addition, a causeway without 
water ducts is a dam and construction of a dam which can withstand 
storm conditions is very difficult. It is cheaper and biologically 
sensible to install water ducts in causeways. 

RECOMMENDATION 14: Install sufficient water passages in 
existing causeways to permit proper water flow and fish 
migration. When building new causeways include numerous 
large water ducts. 

PREVENTATIVE MEASURES 

HAZARDOUS CHEMICAL IMPORT RESTRICTIONS 

121. Islands are fortunate in being naturally free from most hazardous 
substances and in having limited port facilities through which their 
environment might be invaded by poisons. If hazardous substances are 
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not imported, they will not become a problem. 

122. The difficulty is in knowing what these substances are and what 
products contain them. Thus, ecologically damaging substances such as 
lead, mercury, chlorinated hydrocarbons, and an array of other metallic 
and organic poisons which can pollute the Tongan Environment for many 
years, are being imported unknowingly. 

123. All of the imported products pass through customs and statistics 
before being distributed onto the islands. Some hazardous substances 
are necessary, such as mercury for dental work, lead in batteries, 
PCB's in electrical transformers, copper compounds for lumber 
treatment, and so on. Others could be replaced with newer, not toxic 
substances, like lead-free paint, non-leaded gasoline, biodegradeable 
detergents, paper bags instead of plastic, etc. 

124. An inventory of Hazardous Substances (including hazardous wastes 
which may derive from imported products) should be conducted and a 
study made of which ones could be easily eliminated or substituted with 
non-harmful ones. 

125. A list of prohibited imports should then be drawn up along with 
suggested substitutes. 

126. Those hazardous substances which must be imported, including 
pesticides, should be kept track of. Statistics should be kept on how 
much of what brand of poisonous material is imported and where it is 
sent on the island. This is fairly simply done as all imports are 
registered by the Statistics Department. Imports of Hazardous 
Chemicals or Substances thus would become a special heading in the 
normal list of import categories. 

127. By recording what companies or governmental agencies receive how 
much toxic material, it becomes possible to know where the poisons are 
on the island and where they might get into the ecosystem or into the 
people. 

128. In addition, it would be possible to keep track of wastes and 
empty containers which need proper disposal techniques (see below in 
Solid Waste Disposal Plan). 

RECOMMENDATION 15: Conduct an Inventory of Hazardous 
Substances being imported into Tonga and draw up a list of 
prohibited imports with suggested substitutes. 

RECOMMENDATION 16: Instruct Statistics to register Hazardous 
Substances and keep a record of imports by brand name, 
quantity, and who, exactly, the importer is. A Hazardous 
Substance Import Licence should be required which includes 
the necessity to account for the distribution of these 
substances on the island (s) and with provisions for 
retrieval of these substances and their containers as 
hazardous wastes. 
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SOLID WASTE DISPOSAL PLAN 

129. Tonga's solid waste problems are minimal, at present, and require 
only slight modification to prevent future problems. One of the 
reasons why solid wastes are not the problem they are in more 
industrialized countries is that many items which would be "waste 
elsewhere are useful if used with some imagination. Thus, especially 
in the outer islands of Tonga, glass containers are generally used for 
a variety of purposes and old cars are kept for spare parts. Metal 
products are used in a variety of ways and waste paper is excellent for 
fires. 

130. The public dump in Lifuka and Vavau, therefore, is small and not 
often used. Many people bury their own trash in small holes on their 
property thus leveling the land. Aluminum cans and rubbish from public 
waste containers are thus the main items at the public dump. 

131. Tongatapu has more of a problem as urban dwellers have little 
opportunity to dispose of wastes and also buy more prepackaged products 
and imported items which result in solid wastes. Figure 16 shows the 
increase of solid wastes in Tongatapu in the past few years. As 
imported goods increase, the residual solid wastes will also increase. 
Locally produced goods and drinks do not generate toxic or accumulative 
solid wastes. Non-biodegradeable or toxic wastes are all imported (at 
great cost). 
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Figure 16. Increase of solid wastes in Tongatapu. 

132. As is evident from practices in most of the Kingdom, most of the 
"wastes" are useful. Paper, old wood or old cloth can be burned, glass 
and stone and some metal products make good construction material, 
containers or land fill, all leaves, branches, and organic matter can 
be used as compost or mulch. 
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133- The public should, therefore, be asked to separate trash into 
different categories which can then be disposed of accordingly. 

134. There are some substances which pose problems as they are not 
useful or biodegradable and even poisonous or dangerous. Clearly the 
solution to these items is to import something else whenever possible. 
Many of the items are, however, popular and/or required and their 
substitution with other products will take time. 

135. Aluminum cans are, at present, the most notable solid waste 
problem and because they are often casually disposed of, they form the 
greatest litter problem on the islands today. 

136. Recycling aluminum cans is a good idea but the recent 
introduction of steel/aluminum cans has made this impractical. If 
people can be encouraged to squash the cans flat before disposing of 
them, the volume of drink cans is very slight, and imposes little 
ecological threat. When cans are left intact, however, they form 
places for rain water to accumulate and thus places for mosquitoes to 
breed. 

RECOMMENDATION 17: Produce posters, newspaper adds, and 
radio spots encouraging people to "Flatter; that Can" and 
thus reduce waste volume and breeding places for mosquitoes. 

137. Glass containers are more useful than aluminum containers and can 
be utilized as building material, land stabilizers, drinking 
containers, and they are recyclable. Therefore, short of the ideal 
solution of Tonga producing its own beverages, expensive imports should 
be purchased in glass containers. Because a deposit is commonly 
obtained for the glass bottles, they can be expected to return to the 
stores when used thus facilitating their reuse. 

138. Glass crushers are commercially available to reduce bottles to a 
sand whioh is especially good for producing a very hard and strong 
cement for special construction purposes. 

RECOMMENDATION 18: Prohibit imports of drinks in aluminum 
cans in preference to glass containers and instigate re-use 
or disposal plans for the glass containers. 

139. Imported drinks are of better quality and taste than locally 
produced drinks and have a certain status symbol. The team inspected 
two soft drink factories and the facilities and product were found to 
be of very low grade. One team member remarked, upon leaving, "The 
only pollution from that place is inside the bottles." 

140. Locally producing good tasting, nicely bottled, sanitary and 
nourishing drinks and raising taxes on imported bottled drinks would be 
a worthwhile activity. Tongan Coconut Drink, Passionfruit Drink, 
Watermelon Drink, Mango Drink, Coconut Toddy, Lime Drink, Orange 
Bitters, and so on could be a useful local industry and perhaps a 
viable export item if quality controls are assured. 
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Figure 17. Increase in electricity produced and fuel used in Tonga. 

154. The effluent from the power plant empties into a very shallow sea 
grass bed. The effluent is lagoon water heated through heat exchangers 
(Data sheet 801 Tongatapu) and carried through an open cement flume 
back into the lagoon. 

155. Electricity produced from the power plant (and thus thermal 
effluent generated) has increased rapidly in the past 6 years (Figure 
17). Problems attendent with this increase may include: 

1. Excessive temperatures during hot summer months may kill both 
fish and invertebrates. 

2. Copper ions from the heat exchangers might, especially when 
the heat exchangers are cleaned, kill fish and jellyfish in the 
lagoon. 
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3. Juvenile fish and invertebrates which pass through the heat 
exchangers will probably be killed. Depending on rates of water 
circulation in the lagoon this could represent a significant 
mortality. 

RECOMMENDATION 23: Monitor the effluent from the Popua Power 
Plant for copper ion discharge, plankton mortality and 
temperature. If possible, clean heat exchangers when 
off-line and discharge cleaning fluid into the oil sump 
discussed in recommendation 22. 

156. Several old transformers were observed at the power plant site. 
These may be filled with dangerous PCB chemicals and should be properly 
disposed of. Chemically, PCBs are almost identical to DDT and should 
be treated accordingly (see recommendation 20, above). 

157. Boats change oil on a regular basis and a used oil drum should be 
installed under a sign so marked at the small boat basin and the 
military basin in Nuku'alofa, and on (or near) the main wharf in 
Neiafu. One of the major oil companies should be asked to maintain 
this service in exchange for obtaining the used oil for reprocessing. 

RECOMMENDATION 24: Install used oil containers under a sign 
in English and Tongan saying "Put Used Oil Here" at the 
small boat harbors of Nuku'alofa and Neiafu. Impose stiff 
fines for dumping used oil into the water. 

ENVIRONMENTAL IMPACT STATEMENTS 

158. The least expensive kind of mistake is one you don't make. This 
is especially true when dealing with biological systems where mistakes 
in judgement can lead to the death of the system. It is always more 
expensive to take corrective action than to do it right the first time. 
This is the economic and practical justification for doing an 
Environmental Impact Statement. 

159. In brief, this means that before ANY major project is begun 
someone (with biological expertise) examines the what that project is 
going to do to the environment. In this case, the environment 
includes, the biological, social and economic environment. 

160. Thus, if a causeway is to be built, consideration of the 
environment would identify the need for water passages through the 
causeway. If a construction project is begun or an industrial 
activity, someone would be wondering, in advance, about the wastes from 
the project and how these might be disposed of safely or even used 
constructively. 

161. Not all aid or development projects are environmentally safe as 
initially proposed. All projects should have, as a component of their 
proposal, an environmental impact statement. 
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162. Such reviews can be expensive and take time to do correctly. 
Some government agencies resist environmental impact statements on the 
grounds that they will discourage "development". This assumes that 
environmental (social, economic, and biological) consequences of 
development are of less importance than money; a short-time view that 
almost always turns out to be wrong. Environmental Impact Statements 
are not always expensive when compared to the projects they investigate 
and possible environmental damage. In addition there are ways to get 
them done at minimal cost to the Government. 

163• Information about how to get Environmental Impact Statements done 
will be prepared by SPREP in its Guidelines for Coastal Zone Management 
for South Pacific Island Countries. 

RECOMMENDATION 25: Legally require an Environmental Impact 
Study before beginning any major project in the Kingdom, and 
as part of any development proposal scheme. 

POSITIVE FINDINGS 

164. The most positive finding of the Pollution Sources Survey was an 
increasing public and governmental awareness and concern over the 
condition of the Tongan environment. The activities during the 
National Environment Awareness Week were of really great value. 
Environmental "problems" vanish quickly if the people are aware of the 
biological consequences of what they do or don't do to the islands. 

165. Public awareness programmes are the least expensive and most 
effective means of environmental improvement and should be expanded as 
much as possible. 

RECOMMENDATION 26: Continue support and development 
of the National Environment Awareness Week programme 
as a priority item. 

166. The WHO development of improved septic tanks for sewage disposal 
is a good projeot. Proposals to develop large sewage treatment plants 
to replace septic tanks can create several environmental hazards 
including: 

1. Loss of fresh water from the island water budget. 

2. Point discharge of large amounts of fresh water and organics. 

3. Loss of organics from the island's soil system. 

4. Economic pressures met by selling natural resources. 
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167. Thought should be given to the use of dry digesters, especially 
in low-lying areas or out-islands where contamination of the ground 
water may be ̂  danger. Howortb (1983), Ludwig (1980) and Dahl (1978) 
have all discussed dangers of septic tanks in areas subjected to storm 
flooding. 

168. The Small Industries Centre is a sound idea as it concentrates 
industrial (and waste producing) activities in a limited area where 
discharges may be handled as one package. 

169. The vanilla project is an excellent economic use of Tonga's 
limited land area for economic development and it uses no pesticides. 

170. Waste products from agricultural by-products such as chicken 
wastes from chicken farming, slaughter-house refuse, and husks and 
shells from coconuts are all used for fertilizer, animal feed, or fuel. 
The proposed new coconut oil processing plant which will produce its 
power from coconut husks is an excellent example of efficient, 
ecologically sound resource utilization. 

171. The proposed Environmental Protection Act is an excellent step 
forward and its passage and support will be of long lasting benefit to 
the Kingdom. 

172. The support and cooperation shown by the Tongan Government and 
the people of Tonga towards this study was greatly appreciated. 
Immediate action to remedy the pollution problem from the Dateline 
Hotel and Lead content of paint and the interest and concern of the 
Agricultural officers about pesticide problems all point towards an 
optimistic future. 

CONCLUSIONS AND RECOMMENDATIONS 

173- A survey of the pollution sources of the Kingdom of Tonga 
revealed a sincere commitment on the part of the Tongan Government and 
the people of Tonga to maintain and improve their environment. 

17M. The most serious pollution problems discovered by the survey were 
the harm to coral reefs by destructive fishing techniques and 
contamination of shallow water reef areas by sewage from hotels. Long 
term dangers to the Tongan environment come from accumulation of 
hazardous wastes and pesticide contamination of water, soils, and 
marine ecosystems. 

175. Environmental Impact Statements should be done for all proposed 
development or aid projects to avoid future hazards, and a programme of 
regulation of harzardous substances begun to limit imports and account 
for wastes. 
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Specific recommendations are: 

RECOMMENDATION 1:(Page 13) A central library be established 
containing all reports, studies, documents relative to pollution 
and environment conducted within the Kingdom of Tonga. This 
reference library should be indexed according to subject and 
author and kept in the Department of Lands, Survey, and Natural 
Resources. 

RECOMMENDATION 2:(Page 14) Put signs surrounding the reef area 
between Yellow Pier and the Vuna Wharf written in Tongan 
indicating the water is polluted and forbidding swimming or 
fishing or washing of food in the water. Repair and activate the 
chlorinator on the septic tank storage tank. Build appropriate 
drainage fields for the septic tanks. 

RECOMMENDATION 3:(Page 14) Test the effluent from the drainage 
field at the Paradise Hotel and insist on adequate sewage 
facilities before allowing further expansion of the hotel 
capacity. 

RECOMMENDATION 4:(Page 15) Sample seepage from the base of the 
Neiafu waterfront seawall to see if it is from the public toilets 
and take corrective action if necessary. 

RECOMMENDATION 5:(Page 22) Prepare: 

1. Educational materials on the importance of and 
dangers to the coral reefs and what needs to be done. 

2. Posters on "Don't Break the Coral" and "Turn the 
Rocks Back Over". 

3. Educational Radio programme on Coral Reefs. 

4. Newspaper Articles on Coral Reefs and the danger of 
their death. 

5. Environmental Radio and Talk-Back Radio on Coral 
Reefs and Pishing techniques to save them. 

6. A fact-sheet covering all aspects of the problem. 

7. A video for public and educational use showing 
Tongans working to improve their coral reef 
environments. 

RECOMMENDATION 6:(Page 23) Label all paint containers containing 
leaded paint with clear health hazard warnings in both English and 
Tongan. As soon as possible ban the import of lead chemicals into 
Tonga except for critical needs. Shift to the use of non-leaded 
paints, especially in public buildings, schools, interior use 
around children, and on water catchment systems. 
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RECOMMENDATION 7:(Page 32) Develop a pesticide free gardening 
curriculum for the school and extension educational system. 

RECOMMENDATION 8:(Page 32) Investigate the impact of pesticides on 
the public health, ground water resources, soils, wildlife 
(including bees and birds), and marine ecosystems of Tonga. 

RECOMMENDATION 9:(Page 32) Shift towards non-pesticide using crops 
and farming techniques as soon as possible and reduce pesticide 
use to cases of absolute necessity. 

RECOMMENDATION 10:(Page 32) Discontinue Vapona use on public solid 
waste sites adjacent to mangrove areas. 

RECOMMENDATION 11:(Page 33) Apply soil and plants or concrete to 
harbour construction sites as soon as possible to reduce siltation 
from rain water run-off. 

RECOMMENDATION 12:(Page 33) Use silt screens and silt-preventative 
construction techniques when doing required construction on 
lagoonal coastlines. 

RECOMMENDATION 13:(Page 33) Site quarries inland, in locations 
where rain water run-off will not foul marine resources, or use 
silt-preventative precautions (ie. dikes and plugs would be a 
good idea for the area being dredged east of Queen Salote Wharf). 
Design the quarry to result in a useful area when it is finished. 

RECOMMENDATION 14:(Page 34) Install sufficient water passages in 
existing causeways to permit proper water flow and fish migration. 
When building new causeways include numerous large water ducts. 

RECOMMENDATION 15:(Page 35) Conduct an Inventory of Hazardous 
Substances being imported into Tonga and draw up a list of 
prohibited imports with suggested substitutes. 

RECOMMENDATION 16:(Page 35) Instruct Statistics to register 
Hazardous Substances and keep a record of imports by brand name, 
quantity, and who, exactly, the importer is. A Hazardous 
Substance Import Licence should be required which includes the 
necessity to account for the distribution of these substances on 
the island (s) and with provisions for retrieval of these 
substances and their containers as hazardous wastes. 

RECOMMENDATION 17:(Page 37) Produce posters, newspaper adds, and 
radio spots encouraging people to "Flatten that Can" and thus 
reduce waste volume and breeding places for mosquitoes. 

RECOMMENDATION 18:(Page 37) Prohibit imports of drinks in aluminum 
cans in preference to glass containers and instigate re-use or 
disposal plans for the glass containers. 

RECOMMENDATION 19:(Page 38) Encourage the development and use of 
locally produced, nourishing beverages and reduce drink imports. 
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RECOMMENDATION 20:(Page 39) Separate wastes into categories wltb 
disposal systems for Organics, Burnables, Metals, Glass, Hazardous 
and Dangerous. Separation is to be done by tbe public and 
collected on different days to be disposed of as appropriate. 

RECOMMENDATION 21:(Page 39) Build fuel retaining walls around the 
fuel tanks at all power stations and refueling depots. 

RECOMMENDATION 22:(Page 39) Stop discharging oil and detergent 
from the Popua Power Plant into the lagoon. 

RECOMMENDATION 23:(Page 41) Monitor the effluent from the Popua 
Power Plant for copper ion discharge, plankton mortality and 
temperature. If possible, clean heat exchangers when off-line and 
discharge cleaning fluid into tbe oil sump discussed in 
recommendation 22. 

RECOMMENDATION 24:(Page 41) Install used oil containers under a 
sign in English and Tbngan saying "Put Used Oil Here" at the small 
boat harbors of Nuku'alofa and Neiafu. Impose stiff fines for 
dumping used oil into tbe water. 

RECOMMENDATION 25:(Page 42) Legally require an Environmental 
Impact Study before beginning any major project in the Kingdom, 
and as part of any development proposal scheme. 

RECOMMENDATION 26:(Page 42) Continue support and development of 
the National Environment Awareness Week programme as a priority 
item. 
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TABLE 3 

CORAL REEFS EXAMINED MAY TO SEPTEMBER 1984 

These data represent a subjective overview of the reefs examined during 
the progress of the Pollution Sources Survey and the Black Coral 
Survey. The extent and cause of coral mortality was not suspected 
during the Tongatapu and Nomuka surveys. Coral breakage and blue-green 
algae infection was first observed at station 4, off Pangimotu Island, 
but its importance was not fully understood until the survey reached 
Vavau. Acropora mortality and a shift in community structure towards 
Milleporids indicated long-term stress of the reef community, 
especially in Tongatapu. 

STATION NUMBER CONDITION OF REEF 

TONGATAPU 

1 Stressed from siltation, breakage. 

2 Stressed from siltation, breakage. 
3. No recent changes evident, coral in fair condition. 
4. Good coral cover in very shallow water but breakage and 

infection common. 
5. Fair coral cover long-term shift to Millepora Community 
6. No recent changes evident. 
7. Long-term shift to Millepora Community 
8. Breakage & infection, fair coral in shallow water only. 
9. Sea Grass, patch reefs poor condition 
10. Coral cover fair on patch reefs, some breakage evident. 
11. Breakage, shift towards milleporids. 
12. No recent changes evident. 
13. Excellent condition 
14. Good condition 
15. Reef top mostly rubble. 
16. Normal 
17. Normal 
18. Excellent coral reef area, coral mortality seems high 

but cause unknown. 

NOMUKA 

19. Good coral but evidence of breakage and infection 
20. Poor coral 
21. Coral on shoal appears normal for area. 
22. Normal 
23. Extensive coral death, cause not determined, appears old, 
24. Normal 
25. Coral breakage on some patches. 
26. Normal 
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SOUTHERN HAAPAI GROUP 

27 Coral normal but some breakage and infection 
28 Lagoon corals show extensive mortality, Acanthaster 

common. 
29. Coral poor, but appears normal for area. 
30. Normal. 
31. Extensive coral mortality, appears 10 to 12 years old. 
32. Extensive coral mortality, cause unknown. 

NORTHERN HAAPAI GROUP 

33. Good Patch Reef area 
34. Back Reef coral normal 
35. Normal 
36. Excellent Coral Development 
37. Normal 
38. Normal, good coral area 
39. Coral broken & infection present 
40. Nearshore reefs in poor condition, extensive mortality 
41. Some coral breakage & infection. 
42,43. Reef adjacent to causeway in poor condition. 
44. Excellent condition, good coral 
45. Extensive coral mortality, regrowth appears slight, 

infections common. 

VAVAU GROUP 

46. Extensive coral mortality in lagoon. Evidence of siltation, 
breakage, infection. 

47. Extensive coral mortality, evidence of breakage, infection. 
48. Extensive coral mortality, evidence of breakage, infection. 
49. Coral in shallow and deep waters show extensive mortality 

from siltatation and breakage. 
50. Slope corals in good condition, shoal and deep corals 

show mortality and infections. 
51. Reef-top and edge dead. Slope corals in poor condition. 
52. Corals in poor condition, evidence of siltation from 

quarry and coral breakage. 
53. Laggon corals in poor condition, evidence of siltation 

from quarry and coral breakage. 
54. Reef reduced to rubble by fishermen from 1975 to present. 

See McLean report 
55. Corals in some areas in good condition. Breakage and infection 

present. 
56. Vertical slope. Corals normal 
57. Reef top and upper slope corals show extensive mortality 

breakage and infection, deeper corals with some infection 
but good in local areas. People observed breaking coral 
with bush knive6 and iron pole. 

58. Extensive breakage and infection. 
59. Shallow corals with extensive breakage and infection, deeper 

corals in good condition. Acanthaster and Culcita abundant. 
60. Corals generally OK but some breakage in shallower patches. 
61. Vertical slope corals normal. 
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Coral poor, evidence of breakage and infection. 
Coral poor, evidence of breakage and infection. 
Vertical slope. Corals normal. 
Shelf slope corals normal. 
Corals in fair condition, fisherman observed breaking 
coral while takeing Vasua. 
Excellent corals, unharmed, in good condition. 
Good coral, some patches reduced to rubble: reported 
to be done by fishermen (Wolfgramm, personal communication). 
Corals recently broken and turned over along reef flat, 
extensive coral breakage in reef lagoons and behind 
reef. Fishermen observed breaking coral. 
Corals in poor condition, broken in shallow water. 
Shallow corals broken, deeper corals in good condition. 
Shallow corals broken, deeper corals in poor condition. 
Evidence of coral mortality, some breakage. 
Extensive coral mortality from Acanthaster (B. Davis, 
personal communication). 
Poor coral condition, cause undetermined. 
Poor coral condition, cause undetermined. 
Vertical slope, coral seems normal. 
Coral normal. 
Breakage and infection in local areas. 
Coral poor, cause unknown. 
Coral poor, cause unknown. 
Extensive coral mortality, breakage and Acanthasters 
observed. 
Coral Normal, in fair condition. 
Extensive coral mortality, evidence of breakage. 
Extensive coral mortality, evidence of breakage & infection. 
Extensive coral mortality, breakage & infection present. 
Extensive coral mortality, breakage & infection present. 
Coral in deeper water outside reef in good condition. 
Extensive coral mortality, breakage and infection. 
Extensive coral mortality, breakage and infection. 
Extensive coral mortality. 
Poor coral, siltation, breakage. 
Poor coral. 
Coral normal. 
Coral normal. 
Coral poorly developed. 
Coral in good condition 
Coral in Excellent condition 
Coral in Excellent condition 
Reef top and lagoon reduced to rubble, people observed 
breaking coral while fishing using bush knives, hammers, 
and iron poles. Lagoon corals broken by tourists and 
fishermen within past 4 years (B. Davis, personal 
communication). 
Coral mostly dead, evidence of breakage and infection. 
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! ' I >C I (i u i i .sin ^ 

OTHKR I ISKS 4 t / 6et&J>£&£ 

A L T I L K N A M VI 1)1 S I ' O - A ! &e .jtfr fcate** a,xe//otaxT 

TZ?"%£''J£jffl& **> *"' *">>*>/*«* ex ce^r 

INSPECTOR }et/?<e#^ 

PHOTOGRAPH l a k e , .,r ; . „ . , , 1 ( 1 I l , „ . • „ , , , , , r ii t l i t ' c h a r t . 

\,^»*>* 
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col .1 ,ii I ION S O U R C E 

STATION NUMBER SO/ M A [ ' ^p/p//O^M/^S.^ 

NAME AND LocAriuN MfrKe/Ce> fLi(bb/$h 

MEANS OE DISCHARGT JTl^^JCx e/tl&Jp J ft fa) 

MAP OF DISCHARGE S! ii 

STOF' NOW 

MONI TOR 

I WATCH 

! OK 
I'oi i i n I O N 

i NDEX 

( i n d i c a t e : Wind D I M - . - I i n n . No! i h , ! HI i c n l s , Wave Act i o n i 
p P h o I <)()! a p h t a k e n S tem h e r * - , . n a u u s h o w s a n q l o o f v 1 eu 

MINI oi WASH sf/'aA?~ ///#//OZ6L eweoej 
\ IODIC DANGERS p0£S/&j£ <s/tf&lp//}a #£ /#h&JV?tcAU 

YPE OT WAS II 
AMOI 
PEI 

i<uij£ 
DILUTION AT DISCHARGE POINT Good:^" lair: 1'oor 
Cummen t. s: 

BIOLOGICAL AND PHYSICAL CONDITIONS Ol RE(T I \ 1 N( i WATER: 

HEALTH HAZARD 

ECOLOGICAL HAZARD 
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[ ISHS O F S I \ i : 

P'OOd Gil I h c t 1 .1' ' • sm 

OTHER USES jee/P/C ,-0/? t-

ALTERNAI I VI , • . : „, y^/ 
p *.CK>£. U,'. &sfe 

RECOMMFNPI ffl&A e , ,<//>' Jr^Vs S/'SyL^ 

I N S P E C T O k ' 

PHOTOGRAPH 

'€jT/S-6'-*4L. 'y/6/y? 



poi [ i: i i ON si-.i :RCT 

STATION NUMBER J ^ < £ i \l R!.! Thnq&lftfiU'_ IfiqOOff 

NAME AND LOCATION OCpC/9 <pD \j -£& p/fyfT 
- / / 

MEANS OL' DISCHARGE £ T&Jo 

MAP OL DISCHARGE S! ! ( 

SIOL NOW 

TON 1 "1 OR 

Vv.\ i o n 

I'O! i I ! I O N 

mflH<JAOtfCZ 

I /?qoow 

^ » . » P , M o ; ( n . ^ 

rrt#ivq>Ko\/es 

£ 
I pum/o/r/f ste7/'0K 

—J <T&h_ 

pObQBrt. p/flHT 

< I rid i r a t <"• : Wind P i r r n i o n . N o r t h . I'MI I ciii S , Wa\ P Art i nn < 
[' T 'hot oc i raph t a k e n from h i ' i ' c , a i > >;u> .--.iu'U.s a m j l o oi \ 1 eu 

T Y P E O F WASTE: O// OJ2{/ SO#p £kvr% pisZ6&&p/j9til M&G&-
AMOI.INT OE WASTE (/t)JCMCU<Jtf 
PERIODIC DANGERS Jfi&pe, Sp///efiOj/ &na/c/^/lJM& gotuttOX 

PlLU'llON AT DISCHARGE POINT Good: 
oommcnt. s : 

la L1 : Pout- : J>£_ 

BIOLOGICAL AND PHYSICAL CONDITIONS OE RECEIVING WATER: 

HEALTH HAZARD 

ECOLOGICAL HAZARD #/. £#(/..&&*£&_ CAnk^p^MuM^cU, 

l/tfA/eiL/ of //}q$ov /nt/e&teh/mTesand tish. 
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USES OF STATION A KM' 
F o o d Ga f l i e r i n<j < I 

OTHER US I 

o) i i i srn 
\ F i s h i n c j X swimni i i i . ) 

r u u u i j r j I I H M ' i n i l i I T w t I • . i i- ,- - • ' ' ' " ' ' • """ 

ALTERNATIVh |)|S! f̂'f )>A! A&A/'/u3ft£ p;r 

M^f£j*^°h**^ « 4 & K ^ 

INSPECTOR &?<£&6&Al DA 

PHOTOGRAPH' Ink. 
ty/6/ty 

' " ' " ! » ' • « ' i n n m a r k e t " P - n i , t h f J c h a r t 
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I "Ol ,1 .i ; i I ON SOI H; 

S I A! ION NIJMBLk' fO/ N •-.!• Ill ' 

NAMF AND LOCATION pDftl//? pG ti> e & pj&ft T~ 

MI-:ANS oi' DisoiiAkoi jflvrn-e, 3fyc/?)x 2Zcm 
efee.p iA/#fe#. a/epfh s£cmx zji.s'em 

S l O l ' N(U\ 

MON 1 l'OR 

WATCH 

Ok 
poi i.P r :or 

1 NPTX 
MAP Ol DLSCHARol " ! II 

—\A><nP-

FflA/G># /TV? KftV 1#<?0CA/ 

S&# (p/Z/?SS 

o/c/ 7/vt//jBe/»eft 

' 1 lid i <\J t o : Vv i mi D i M •(• t i i HI , No! Mi . i : i: n u i s , Wave A c t i o n ) 
p P h o t o g r a p h U i k c n Mom I t o i o , a r i o \ < s h o w s a n o l o o t v i ou 

IYPL; OF WASTF SS^'JdMtcM he&T&d' ety/ue/jr fiDjnpaj<}ejLp^/S/vP 
AMOUNT OF WAS I F _3£0. -- £ZO /iTAeJS./.Stc^- £00Tfrt£tni/r ..._ 

&£&£/&»/)*/?! ' 
DILUTION AT DISCHARGE POINT G o o d : f a j r ; : V. . P o o r : 
Comments,: c/g/ t&£/2Sfis# XVeJZS J72#y ££&/£/ft JPCB4. 

BIOLOGICAL AND PHYSICAL CONDITIONS ol kl ( L I V I N G WATFR: 

gflnd-^ w/it^ji depm ZQ&m --.... 

HFAl.TH HAZARD 

LCOI .OC, I C.AI HAZARD pC^S/bJ^. . .tkeJUTUg/. . OA 

o.r lAaeon ;/r- copped <£ a/gehe&q&c/ u 
J7i>» 
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USES OF S l A I ' f o N Ak'FA; E i s h i n q X S u i r n n n r i g l o u i i s m 
F o o d Ga r h e r i n,<i <l i s ! k i n d of f o o d : a k c n > ]F}g/} l&{/u F/S& 

OTHER USES 

ALTERNATIVE [)is['os\i eoo//na foweMS 

RECOMMENDED A t T l o N eJte&fc^ ^//^£/£/"""" FDX. pQpp£tf. 

INSPECTOR 

PHOTOGRAP! 

^fe^. '&*£ D A N / f /V 94 
a k i ' h • 11 i ' l i ' . i i u r n ma i kf, i " r " on < \w i h o i ' 

^^^§;% 
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I 'o l ! i • I I ON .-,01'ROt 

STA-r ioN NiiMi;i• •:k %03 xi-M' i-:f H ToflQfflfipU lfip00// 

N AME AND COO A I ION Fc/.c/..E/7 tfilOKf 

pepufi P&U&&- p//$r>T~ 

MEANS OE P I SOUARC 

0 / /tf/Mjr 
Aec/de/pfe/ 8/te#/C/??e, 

S ' K i t ' N(H\ 

MONI I OR 

WAI< H 

o k 
I'Oi I I ' l ' l o f 

! NDE\ 
MA}' OE 01 S< H A k d l S i II 

/#<?£>£>/* 

I ppsstb/e p&Th / 

0 
? 

ot FueJ 

1. 

/ 

/ 

/ 

/ 

1 /5>Af/iCWS 

x4r 

PotfeA 

( I IK I i i \ i I t- : Vv i i ill h i i ' i ' f i i n n , N'MI i l: , • ! 
P P h o t o g n a p h t a k e n f r o m l i f f c , , n r o w 

• :it s . K a \ i< A r t i o n ) 

KiU'.'s an<i ! <' o f \ i e u 

TYPE ok WASIL: P/ese/ A e / ._ ._. 
AMOUNT OF WASTE 9JUt&&0 //T/ieS pB/Z. TANtC 
PERIODIC DANGERS frC<Ua/£#Trf/ 6j8ej9JCSl&&ZjcU&&4U^ 

DILUTION AT DESOHARGI POI N I Good: I a l l . P o o r : 
Commonts : 

BIOEOGICAL AND PHYSICAL CONDITIONS OE RECEIVING WATER: 

~£/&^JfrJ&?t; 

HEALTH HAZARD F//8.& 

E;COLOGICAI HAZARD "c/e.£&uet?.&2)- 0 £ # AeGL hiJ^ F/&& 
0A, S/?///j?¥^ / 
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USES of- si'ATION \kl A • f i s h i n g X Swimming Ion i i . sm 
Food G a t h e r i n g <i i s t k i n d of food t a k e n ) f/P/l /??//?& 

OTHER USES 

ALTERNATIVE msmsAi Bui/af ^et&VWQ tf)#//s 0&O£/a€/ 

RECOMMENDED ACTION BuJ/^ fat/ tfefalntna &2#Jk 

.dSkeskx.. L)An /^/^/gjL I NSPECTOR_ 

PHOTOGRAPH: Taken at location marked "}'" on t tie chart. 
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. M i l I ! < >N SOI R ( T 

STATION NUMBER ft O.ZfQ/^^ WxToXqjtfhpU fa<?00H 

NAME AND 1.OCA I ION ST/Ze&f S^/Ztf/JTr 

MEANS O F DlSOHARCiF' 

MAP OF' DLSCHAkCH ^ ! 

tu/i/^J^T U/lG/c&R6#d 

S T O P NOU 

MON1lOK 

HATCH 

Ok 
POl Li: I ION 

I N ! T \ 

ia#$noises* - • 
/»&/)qx.c>V€& 

F</U&/ /and 

US peecee tt>ap 

&jA-/l/#tf#/y)Artl0 '-4 /3i/.pCLZS 

7 T TV 

\ 

<'I n<l i I'-'i t a : w i u<i ! > i t >•< ' i n n , Ni a t ti . < u : t • MI I S . W a v e \<-1 l -m 
P I- 'hol o u r a p h t a l a M i ' M U M I M ' M ' . a ! r 11\\ s h a u s a n a 1 a a t v i c u 

I Y P F OF' WASTE 
AMOI'N I Ol WAS! I 
PER I O D I C DANCERS 

D I L U T I O N AT D I S C H A k O k 1'OIN'I C a m i : t -a l I : ) £ I['pa I 

C o m m e n t ; s : J ^ j r S O T 7 S L / Ld/tij /LA/A/ ?#// 

l U O L C X i l C A l . AND I ' l l V S K \l C O N D M ' I O N s O! kl ('! . I V i "•;( i IvAlER 

HEALTH HAZARD 

EOOEOdlOA l I I A / A k ! 
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U S E S O F S T A T I O N A R I A l i s l i i n q Sw i iriltl i ll«j l o u t i s m 
Food G a t h e r i n g <1. i s t k i n d of food t a k e n > 

OTHER USES 

ALTERNATIVE DISPOSAL 

RECOMMENDED ACT I ON 

INSPECTOR! £Jte£j*e42- UATE /2\/_6__ 

PHOTOGRAPH: Taken at location marked "p" on the chart 
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H.I i • 1 I ON .SOI S S ' I 

STATION NUMBER £<?jf fj£ M\P M I Jo/lS^fffpi/ JftgOOtf 

NAME AND LO("Allo\ £fei£&T Q/A£//2S 

MEANS OF DISCHARGE e/A&/ti£q.& c/jTeJi&f 

SIOL \ OU 

MON1'OR 

WA1 CH 

OK 

l'Ol [ I II ON 
I NDE\ 

MAE OK DISCHARGl SI i 

fJ9A/6f/9 UTJ9 I tiCjOON 

sp#/Z{-t se/9 c?A#?ses 

o^eaZ/J 

»/»/ M H/?M»M6 b Qt/: P^SS • 
< I nd i r a t f : W i in I D u c i ' i i u n . Nor 1 !i . ' ' u i r i ' i i i . s , Wave A i ' t n u i ) 
P Elicit u n r a p h t a k e n t i oin h e r e , a i m u s i i n w s a n g l e nf v i OK 

TYPE Ol WASTE ST/te^T #.U/) - O ff 
AMOUNT OF WASH Sll'OMI" -£'SAlBS LO'ltk MjSUtf-J^AZjl 
PERIODIC DANGERS . 

D II .1 IT I ON AT DI SCHARGE POI NT Good : . F a i l s E o p r . X 
Comments: &C<S£/&?UJCLT?G7) of f&Bgh 

BIOLOGICAL AND PHYSICAL CONDITIONS OF RECE1YLNG VvA'IEK 
st&Jl&tO- Jnudety ..sp&Ase, $&/!£&. 

HEALTH HAZARD M&peM^S Q% Sl^bs^X&eS- M^&d^UW J&HO^ 

ECOLOGICAL HAZARI) ... 4aat&mi#xticp of Jc^^em J&( A .. 
pesticides P<?&ti 0// 7Zi#sh F/zamZ^MuJCuMoJo^ 

9 1 



U S E S OF S I VI ION \ k t , \ i • i s i n mi 
F o o d G a t ' t u T i rm •', \-•'. ! i i i ' i .• i 

^- ! nun i ni l 
11.I •!! I 

I i n: i : sm 

OTHER USES J ? ^ ^ ^ fro/ 

ALTERNATIVE 1)1 
• ! ' < ) > , \ | 

£ 3 = * ' '£ %}£,£&&"< ****** 

iNSPECI OR tfhet.h&a„ v,\ 11 / -o/^ /%£ 

PHOTOGRAPH: ,-jk,.M .,, ;,,,,, l(U| ma;,k,i:) ..,,.. ^ (|]i, ^ . ^ 

- i t t j r ^ 

% , /**3j0|. 

-jwr / 
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I " >l I ' ! ! i > \ S O I !-.". "i 

STATION NUMBER %&&~~ '-IAI u\-\ 7bJ2_a/9f/9fU /&000H 

NAME AND I . O P A ! o > \ SfkeeT c/AAtW 

MEANS OF D l S C i l A k i i i J^S"CW CiJl' 1/C/tT 

MAP OF DISCHAkO; S ! I ! 

S l o p NOU 

MON[ I Ok 

W M Oh 

o k 
I'OI : i I iON 

I Npi \ 

\houic 

fffr 

\zn}0n?p : 

?? e/A»/)iciq<e c//ftJi 

hot/i 'e 

TpUPA' BH»tJ_ or>*n 3 
< ! m i i c . i t c : Vv i i id ! u ; < •< i i o n . V n ' )i . • m : >'iil s , h , i \ r -\i • t 1 o n > 
P I ' h u I ( H ' . J I ' i J p l l f . i k t ' l i ' ! ' > ! ! • ! i i ' | r , v 11 ; i u s h u w s . J I H i l i ' i ' t \ 1 OU 

rvpi in WASH AIM)of? foam a/iaszy <su)fimp 
AMOUNI 01 WASTI 1/tuu.es u)i$ 'ju}Jhf/?/J 
PERIODIC DANCERS 

DILUTION A I PPSPH ARCS' i 'O ! N I 
Common t s: 

G o o d ( > i Root : £ < 

l U O I . O O I C A I AND P I P i S l C A I t . O N D I l T O N S o i kl .01 .•. I'-. ! N( I W A I T - R . 

jJ?#/JeJO /#f40JY <?Afi£Z F/#tS SpAtL&e JJWtUpXOtfe, 

HEAP I'll HAZARD 

E C O L O G I C A L HAZARD 
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USES OF STATION AREA. Fishing.. .Swimming, Tourism,. 
Food Gathering (List kind of food taken) 

OTHER USES R^gf */& 

ALTERNATIVE DISPOSAL 

RECOMMENDED ACTION 

INSPECTOR DATE I?/ & /$>& 

PHOTOGRAPH: Taken at location marked "P" on the chart 
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Pol .1 .it I 1 ON soi 'RC:. .- ; 

STATION NUMBER [01 MAT' Rlt //#0pj&/ 

NAME AND L.OCA'l 1 ON /j FU/t/9- £&& C#V£u;#(V 

STOP NOW 

MONITOR 

WATCH 

MEANS OF DISCHARGE 7&U&&S 

MAP OF DISCHARGE Sill 

OK 
POl 1 PTION 

I NDFX 

(Indicate: Wind Direction, North. curtenis, Wave Action! 
P Photograph taken From here, arrow shows angle of view 

TYPE OF 
AMOUNT OF WASTE 
PERIOD1C DANGERS 

WASTE. SoluJ &// ..jCJtlLSJOAyL 

DILUTION AT DISCHARGE POINT-- Good 
Comments: 

Fa i r Poor 

BIOLOGICAL AND PHYSICAL CONDITIONS OF RECEIVING WATER: 
COAfi/ AeeF-£l&i£-/>c.rkJ€.err7 . tsJjznc/f-

HEALTH HAZARD 

ECOLOGICAL .HAZARD Itfflfetf £/#(Uf/fc//Cp1 

95 



USES OF STATION ARIA: F i s i i i n g ^ Swimming %^ j o u r i sm__ 
Food G a t h e r i n g ( F i s t , k i n d of food t a k e n > ffffo l$fasfc& 

ecSfyiur JZJMTXS 
OTHER USES 

ALTERNATIVE D1SPOSAI 

RECOMMENDED A< T I ON SOXSJ&MCT €#/&*!&- 444*1/ IdM 

ionize JEJ&zd .._" Z 

INSPECTOR (?J?l4^l£4%. - DATE Jill If /'S>M ..._. 

PHOTOGRAPH: Taken at I neat ion marked "p" on the chart 
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POl.LP I i ON SOLRCI-

STATION NUMBER / £ ? / MAP <\\(/tfffl& 

NAME AND i .OCAi ! ON s<zuiB(?& e//gp&s0/ 

MEANS OF 

MAP OF IHSCHARG 

Cliff 

DfsciiARGi SepT/c T&N/C a,??^ 

S T O P NOW 

MONI I OR 

WA'K'H 

OK 
OL.LU'l ION 

INDEX 

F)e/</~ 

ttotel ^ c t £ M d c f M . I M M. , t / i i / i nc 

\ 

( I n d i c a t e : Wind D i r e c t i o n , N o i t t i . c u r r e n t s , Wave A c t i o n ) 
P P h o t o q i a p h t a k e n f r o m l i e i e , a r r o w s h o w s a n g l e o f v i e w 

TYPE o r WASTE... ^ / ^ W ^ " £AQ232 MAA/AA-BC f'W^ 
AMOUNT OF WASTE sliqAf /MoTe/. -EuUX 
PERIODIC DANGERS c//[ft/ft/fQ£ £> P ggj? //£ 
I PL. O 0673 
DILAJ TI ON AT DISCHARGE POI NT Good: I a i r : _fc Poor 

BIOLOGICAL AND PHYS1CAL CON D LP IONS OF RECEI V ING WATER: 

//W£a20^/aqBG*i .... 

HEALTH HAZARD sepfie^P9AfKL£jffi/ef?r.- m&u eoTifcLmJnfi/e &ee/ 
ECOLOGICAL HAZARD 
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USES Of- STATION M-:l A I i s l i I nc| X . >u 1 mm i n<i X ! n l l t ' s « ! X 
F o o d (i.j I l i e i i n<i •< i s l k i n d of I ' IKH] I i ikc i i ) fyxb 

OTHER list:* boaTha&jhcJiLs 

ALTERNATIVE IHSFOSAI /MpA 0' V&6/'Z/A#/ /3&&e Ue^/ AXIS'/ 

RECOMMENDED A( I I ON 4%2^/&e &/?/&£#? Ae222£V<£ afe&lJW&C 

I NSPE( I OR $te£jl€JL~ 

PHOTOGRAPH: Talsi-i, ,ii I «>• '.i i i on t i i ; t rkt ' i i " p " on t h e c h a r t ' 
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! '(>]. , .1 ; I [ON SOCRCI .-

STATION NUMBER /,££ MAP RFI- l/fi-tftfU 

MEANS OF DISCHARGl TRVC^/CS 

NAME AND LOCA i 

S T O P NOW 

MONITOR 

WA' i r i i 

Ok 
'OL i ! ; 1 ION 

i N D I : X 

MAP OF DISCHARGE 

< 1 nd i ra t c : Wind Di i i-'ct ion, North, (uiient.s, Wave Art ion > 
P Photograph taken from IKTI', ariow -Tiou.s angle of v i evv 

TYPE OF WASTE. 
AMOUNT OF WAi 
PERIODIC DANG 

ST 1 4 cz, Vjgpe/tAly/ *see/C sp&#pec/J%iz£/ycenrAO/ 

DILUTION AT DISCHARGE POINT Good: 
Comment s: 

l a 11 foor j X 

BIOLOGICAL AND P1IVSICA1 CONDITION.- Ot KFCMVING WATER: / 

HEALTH HAZARD Z ? j J ^ i ^ 4 f _ / /? ^ e / z ^ f i •&&{?CJU9tlS 

ECOLOGICAL HAZARD d/esJAl/cfs&a OF />/iV^U£^7J^e JXJ9 nqAGV-e, 
e/Hf/Aonmexr, 
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! '< M X I ( ;,• 1 t | | : • | I 
• X 

O ' l ' M F k 

Al l,-'l'NAI !vl '"••• ^ &<//9Afi.i/ s//e o/t inland /ocfffiw 

8aoe//£r Me? Co/J/tiwinAfe pc/*€/s u?»faz. 20&u* Sidtizvjos 

INSF-'WVIOK- < ^ ^ ^ e / e 2-7/7/?£ 
'HO'T'f KJI-: A I ' l l 

1 0 0 



Pol LP ! I ON SOLROi 

STATION NUMI'TK /{) 6 M A O - ; l foy#v 
NAME AND LOCATION <,'//Zee? <&k./?//US 
_AC/J9£6t Aj#T~CJZ FAOXT 

MEANS Oh' 1)1 SOIIAKO 

MAE 0 1 ' D1SCI1ARGI .'-I i 

squ, /9/z e ct/he#J~s 

. < ! ( ) ! ' N()V\ 

MONI 1 OR 

WATCH 

OK 
I 'OI I P I I O.N 

I N P E \ 

MW WMAP 

cv/w^r 

ttqees/ 

< 1 rid i e l l <•: W i HI I I H H T I n u i . \ o r i li . i << \ < , >n i s , w a v e A r t i o n ) 

P P h o t o g r a p h t a L " i i 1'ioni I ' - T C , a n < < u - - l u i u ^ a n o l o o t v i HW 

IYPE OI WAS ! E ^£€e/~ AM£f...o/fi .JAOJML /ti&.J?6Z _ . .. . 

AMOLINT OF WASH' CQ&S.id*A#6/i2- dwojaa J?e&.j/£J~ 
P E R I O D I C DANGERS g//£»J}_e21 cf /&<30&Zi AO&J. 

DILUTION AT DISCHARGE POI N I G o o d : i a i r : .X_ P o o r : 
comment.»: £04JZ. m' x/ee/^eA WMte^. 

BIOLOGICAL. AND PHYSICAL ( ONI) I IT ONS_ OI RECEIVING WATER: 

* '* - - ~>My J#/3> za-^sv ^ / ^ s 7 — 

HEALTH HAZARD_S/lfkt. UXJ&Se -to#i&• • £078} 

ECOLOG I CAT HAZARD ^ ^ ^ 5 ^ ; Z Q £ . 

^m usesf&zi 

101 



USES OF STATION AREA: M s h n m X Sw i nun i tin ! on 
Food Gathering' U.isf kind of" food takPiu 

OTHER USES" Afl^/- h*JLLcj£, 

ALTERNAT I Vh I) I SPOSA1 

RECOMMENDED ACTION 

INSPECTOR^ DA IT SP/T/$4* 

PHOTOGRAPH: Taken at location maikod "p" on the vh 

102 



POI.I.U I I ON SOliKC. 1 

STATION NUMBER / £? MAP RLE fy Z/?tS 

NAME AND LOCATION j3tASl&J/ A^.L'MJCJ 

MEANS OF- DISOHARt *• .ftuavJt'<?/} s//f~ 

STOP NOW 

MONIFOR 

WATCH 

OK 
Pol I \'\ ION 

1ND1-.X 
MAP OF DJSCHARGI- SI II 

( I n d i c a t e : Wiml D u e l i o n . N o r t h , c u r i o u t s , Wave A c t i o n ) 
P = P l i o t o g r a p F > t a k e n f r o m h e r e , a r r o w •shows a n g l e o f v i e w 

TYPE OF WASTE 
AMOI 
\ 

S//T 
VMOWNT OF WASTE. C/2J2S/a!eM^J^ j/lSJUMQ ^Z&U 
PERIODIC DANGERS ' 

f a i i . - - . . . ; r ; v ^^POOT: 

iit,s: Mak/fs&&jiL0/?T~ sh^w/a bat a/eepejz pet/s.T"-oJ-
DILUTION AT DISCHARGE PO I NT Good 
Co mint 

BIOLOGICAL AND PHYSICAL CONDITIONS OF RECEIVING WATER: 

tH~fa/9/jce. _£&l£faen COAA/ &ee£? deepL^ 

HEALTH HAZARD 

ECOLOG ICAL HAZAKD.,JiM^^fe V g ^ ^ / g A 
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USES OF STATION AREA: F i s h i n g ^ Sw1 mm i ng ^ T o u r i sm \S 
Food G a t h e r i n g (l 1 s t k i n d o f food t a k e n ) frgj? ffaj^f 

OTHER USES 

ALTERNATIVF DISPOSA1 

RECOMMENDED ACT I ON 

INSPECTOR /'y70Xf2&<X? DATE 3p/?/?AL 

PHOTOGRAPH: Taken at 1..cation marked "P" on the chart 
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P O L ! .1] ! I <>N S O H R C l 

STATION NUMBER /< D $ MAP Rf T I//2Y/9/J 

NAML: AND LOCATION P/sfeJ/C th/Jefs 

STOP NOW 

MONITOR 

WATCH 

MEA NS OF DISCHARGE ^ g g / ? ^ ^ . OK 
POLLUTION 

I NDLX 
MAP OF D1SCHARGT SITE 

A 

* 
j j pui>/t'c tb/'/e.?s 

to/?/*/ 
W#/9/tF 

(Indicate: Wind Direct ion, North, (intents. Wave Action) 
P Photograph taken from here, arrow shows angle of view 

TYPE OF viPiSYXi _£e£a&ai& fJ2J2M fa/sb/ie lbiJeJ& 
AMOUNT OF WASTF 2 . - -_ 
PERIODIC DANGERS doMi/MAU MX/W i~0£/#JSJM 
. Tova ship^>^9ae.^ 7 „ . . 
DILUTION AT DISCHARGE POINT G o o d : P a i r : X P o o r : 
Comments \. 3*Apgbac~ &/&&$ AeeP ffeT &£/&/& £&&*& 

bettotn a£ JeAustf// #T ' foul ?/c/€~ 
BIOLOGTCAL AND PHYSICAL CONDITIONS Ol RECEIVING WATER: 

HEALTH HAZARD flftg/fr/??/ p/lf/Wx £>£/&<*&>?) 

ECOLOGICAL HAZARD 
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USES OF STATION AREA: Fishing swimming Tourism^... 
Food Gathering <l ist kind of food taken) 

OTHER USES 

ALTERNATIVE DISPOSAL pAopeA cfajt/JPApe. fc'a/afe 

RECOMMENDED ACT I ON £&mp/&, s&joa,f€_, 

INSPECTOR^ S/?€^?€4^ - L)ATE . ...3J^z/-S^L 

PHOTOGRAPH: Taken at location marked "p" on the chart. 
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POl J .1 .''I I ' )N ::^>i 'KC! . 

S T A T ' r ON NUMBER / ^ ^ MM' l.'M I//? f/9 (J 

NAMfc: AND LOCATION /CQ/O^ e#6>S UJ/?f/ 

MEANS OF PlSCHARGf T&U&JCS 

MAI' OF D I S C T I A R G I S I I ! 

S D P V)W 

MO.N i 1 OR 

WA'I ('II 

Ol-. 
> l '• i ' I i < > \ 

! MM \ 

< I rm i c a t f : W 1 rid l> i r c i i <>n . N 
' ' • P h o t o g r a p h t a k e n t « oni Ijc-rc-

<r r h , i nr 
n t nv, x 

; -^, Wave \ c r i on > 
; iw.s a l i o I c i,; v i <<u 

! VPF OF WASTE 
AMOUNT Of- WASTE 
PERIODIC DANGERS 

•sjp/oe/ F/// 

DILUTION AT DISCHARGE POINT 
Comments: 

Good : hi j. r : Poor 

BIOLOGICAL. AND PHYSICA! CONDITIONS Of RECEIVING WATER: 

p/?g.s ,6&ru.>e*j9 /jr/a.*u& taJeuej^'e. tic/aj /&.go(?n ajn& 

HEALTH HAZARD 

ECOLOG ICAL HhZ.\K0Jfyawi/JMObJi>&tfe-- e/im/Js&J&/-J&l&L2tft/ 
muJkf- #?/a#&T/o?x £///*& e/#j#- jute/£Au&/& 

ir~ _ . 
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U S E S O F S i A! ' I D ' S \Kl A . i i . s i l l DM V N U Hi! ^ F u n i s m fc£. 
F o o d G a t tuM i DM < :' i s i F i n d m l e n d c a k o n V 

OTHER USFS A0GL4/ 

ALTERNAT1 VF P F s P O S A I 

RECOMMENDED ACTION /&€&€,&£& W&h&A &f .&*/&&&. 

INSPECTOR *£. DAI F si/r/e^L 
PHOTOGRAPH: Takt-n a t l o c a t i o n markod " P " (in t h e c h a r t 

'jwiMW**" 

i:#w; v***? 
' ^ * * < * 1 * * 

'.'J" %i:r'z 

r, *̂ c, ^* 

Ho 
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