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(i) 

FOREWORD 

Thia report is the result of work carried out on 
aspects of: tho pollut on c logy of Ku,gston Harb( ..r a d 
has been made possible by a 3-year grant from the United 
Kingdom Ministry of o, •rs, Dev lopmont to the un.ve~-
sity of the West Indies (Scheme R 2669). However, tM 
report also includes data gathered in studies prior to 
tho ccawonct'roent of the OD'! grant and financed by the 
University's Roaearch and Publication 
data obtained for the Gov• nl of J 
Harbour Quality Monitoring Committee on which the autho, 

Fund, as well aa 
ica King ton 

has served as Vice Chairman and superv.uor fi 1 WO 

The report is bound in 3 Volumes as followa:­
Volumo I: 

Patt 1. General Introduction 
2. W er O'UlHty 
3. Oxygen Balance 

Volume II: 
Part 4. Bt'nthic Ecology 

Volumo III: 
Part 5. Pollution Abatement and Harbour 

Improvement 

The author is greatly indebted to the British 
and Jamaican Goverrmonts and the ity 
Indios for their financial and other support. 

the West 

Professor Ivan Goodbody, Head of the zoology 
Department, has t'nthuaiastically supported this research 
throughout and I am grateful for his el"•:oura ment and advice. 
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(ii) 

I have benefited much from discussions with rny 

colleagues in the Zoology Department especially Or . J . 

Grahame, or . E.S. Grahame and Mr . K. Deeming who have 

worked in Kingston Harbour, and with various Government 

officers who have served on the Kingston Harbour 

Quality Monitoring Committee. 

Without the technical assistance from a number 

of persons, this work would not have been possible . 

I am particularly grateful to the following persons 

who have worked with me at 01>1> time or another : 

Mrs . Louise Antonio, Miss G,•1m1a Deonarine, Mrs. Marilyn 

Robinson, Mr . Phillip Motta, Mr. Richard Hubbard and 

Mr . Paul Hewling . 

Mr. Herman Murphy, Mr. George Hamilton and other 

persons at the Port Royal Marine Laboratory have given 

invaluable help in the field work, for which I am 

grateful. 

valuable unpublished data and technical assistance 

have been provided by the Government Meteorological 

Office, the Scientific Research Council and the 

Government Medical Laboratory. 

The illustrations wer~ prepared by Mrs. Avril 

Chang and Mrs . Elaill<' Fisher, to whom I record my thanks. 

Dr. Peter Wickstead. Professor Ivan Goodbody and 

colleagues in the Zoology Department kindly reviewed 

the manuscript and offered much useful criticism. 

Finally. my deep appreciation is due to Mrs . 

Patricia Wade for her untiring effort and patience in 

typing the report. 
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l . HISTORICAL REVIEW 

Ever since th University of th<' west Indios 
established its marine laboratory at Port Royal in 1955 , 
Kingston Harbour has been the center for much ecological 
research . However. it was not until 1962 that an 
attempt was mode to study the harbour system itself. 
This first work was aimed primarily at d comparison 
or primary p1oduction within and outside the harbour 
(Steven, 1965) . but it soon gave rise to two fuather 
studies, one dealing with the characteristics of a red­
water bloom within the harbour (Steven , 1966) and the 
other on the zooplankton of the harbour and adjacent 
open sea (Moore, 1967). The physical, chemical and 
biological data produced by th~se studies were the 
first to show the degree of complexity and balance 
of the harbour system, but they also indicated for the 
first time that certain environmPntal factors were near 
their critical limit for the maintenance of a proper 
balance . 

Following these initial studies. interest in 
the harbour as a complete system increased and a number 
of engineerinQ and biological investigation5 were soon 
carried out (Government of Jamaica. 1967, 1968 , 1970: 
Munro. 1968: Goodbody ~ al, 1969, 1970: Wade. l972a. 
1972b. 1972c: Wade et al, 1972) . These studies, covering 
a wide range of topics, provided further information 
which showed that although the biological productivity 
of the harbour was high, continued maintenance of a 
healthy ecology was bel.ng threatened by certain stressful 
conditions . Some of these conditions and the factors 
causing them were discussed by Goodbody (1968. 1970), 
the Government of Jamaica (1970) , wade (1972b. 1972c) 
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and Wade~ al (1972) in a series of publication$ des­

cribing the state of the harbour ilnd seeking to draw 

attention to the need for positive action for the 

preservation of a healthy harbour environm<>nt. The 

effect of these publications began to ue realised in 

1970 when various granLs began to be made available to 

the university of the ~lest Indies (or conductinq further 

inve&tigations of tl,e hatbou.r with a view to making 

reconvnendations for in,proving ite condition . Since 

then, the following studies hava been performed: 

a study of physical conditions and water movement 

(principal investigator - K. Deeming, 1970 - 1972); 

a study o( zooplankton ( principal investigator - J.Grahame, 

1970 - 1973): a study of phytoplankton (principal 

investigator-E . S . Grahame, 1971 - 1973); and a study 

of soft-bottom conununities and oxygen balance (principal 

investigator - B. Wade, 1972 - 1975) . At ti~ sai-. 

time since 1970, the Government of Jamaica through 

its Kingston Haroour Quality Monitoring Committee, has 

been monitoring certain water quality parameters at 

fortnightly or monthly intervals at a number of stations 

throughout the harbour. 

The present report is the result of work carried 

out primarily on the soft-bottom corrrnunit.1es anu has 

been made possible by a 3-year grant from the United 

Kingdom Ministry of Overseas Development to the UniversiLy 

of the West Indies. However. this repott also includes 

data on the benthos collected in studies prior t o the 

commencement of this grant in 1972 and funded through 

the university's Research and Publication Fund. Nati
on
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A major section of the report is also devoted 
to a discussion of the water quality characteristics of 
Kingston Harbour based on data collected for the 
Government Monitoring Committee on which this author 
has served since its coim,encement, as well as on 
independent studies conducted by this author under the 
O,D,M. Grant. Another major section is further devoted 
to a discussion of oxygen balance in the harbour. 

Of the four principal studies conducted by the 
U.W.I. since 1970, the report of only one, the zooplankton, 
has been completed to date (Grahame, 1974). At the 
time of writing, all the others are in preparation. 
Nevertheless, as this is likely to be the last in the 
series to appear, it seems desireable to attempt an 
overall synthesis of the results of these studies and to 
make recorrrnendations for arresting pollution in the 
harbour and improving conditions. As a result, it is 
necessary in this report to discuss the presently un­
published work of my colleagues and to draw certain 
conclusions based on them. While I do this with their 
permission and am happy to acknowledge their contributions, 
total responsibility for accuracy of the information 
rests with me and the conclusions and recommendations 
I make must be regarded as my own. 
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Figure 1 

Kingston Harbour, showing its location 

and major features. 
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2 . DESCRIPTION OF KINGSTON HJIRBOUR 

2 . 1 The Area 

Kingston Harbour is a semi- enclosed bay 

situated on the south coast of Jamaica at latitude 

11° 57' N and longitude 76° 48' w (Fig. 1). It is 

bounded on the north, east and west by the mainland 

coast and on the south by a narrow spit of land, the 

Palisadoes, The entrance to the open sea is by a 

3.2 km (2 mile) wide channel at the southwest corner. 

The harbour extends approximately 16.5 km (10.3 miles) 

in an east-west direction and between 2.7 and 6.5 km 

(1. 7 & 4.1 miles) in a north-south direction. The total 

area is more than 51 square kilometers (19.9 sq. miles). 

The city of Kingston with a population of 

over 600,000 persons occupies all of the northern shore 

of the harbour while a new suburban housing area with 
about 60,000 persons is developing rapidly on the 

western shore. The Norman Manley International Airport 

is situated midway along the Palisadoes spit while the 

small town of Port Royal is located on its western tip 

at the entrance to the harbour. 

2.2 Physiography 

Kingston Harbour consists of three main regions, 

the Inner Harbour, the outer Harbour and Hunts Bay 

(Fig. 1). The Inner Harbour is comprised mainly of a 

deep basin which slopes gradually from a depth of about 

12 m (40 ft.) in the west to 18.3 m (60 ft.) in the 

east. Goodbody (1970) has proposed the name Upper Basin 

for the eastern end of the Inner Harbour. 

The Inner Harbour is connected with the Outer 
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harbou• by a narrow ship channel of about 12 m (40 ft.) 

depth. The outer Harbour itself is mainly a deep basin 

which slopes gradually from the depth of the ship channel 

down to a maximum of about 18. 3 m (60 ft . ) near the 

entran~e to the harbour . 

Hunts Bay is a ahallo,, basin with an average 

depth of about 2.4 m (8 ft.) . Most of its area was cut 

off from the rest of the harbour in 1969 by the conatruction 

of a solid-fill causeway with a narrow opening of only 

213 m (700 ft.). 

The southern section of the I nner Harbour 

wast of the airport comprises extensive sand shoala and 

mangrove swampa with depths from 0 . 3 m (l ft .) to 

5.5 • (18 ft.). It is these shoals and swamps which 

offoctively separate the Inner Harbour baain from that 

of the outer Harbour. The weatern aection of the outer 

Harbour also comprises sand shoals and since 1970, it 

has been conneoted with an enclosed mangrove lagoon, 

Dawkins Pond, by the creation of a boat channel through 

the barrier sand spit . 

The two deep ba•ins and Hunts Bay have soft 

mu<l bottai,a made up of silts and clay• while the sand 

shoals are covered by bare patches of fragmented remaina 

of coralline algae, especially Halimeda, and meadows 

of the turtle grasa, Thalassia, The Government of Jamaica 

(1968) report on Kingston Harbour ha• provided a 

distribution map of bottom material in the harbour . 

Fre•h water en~ers the harbour at Hunts Bay 

by two rivers, the R10 cobre and the Duhaney and by 

a drainage scheme, the sandy Gully , as well as along 
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-6-

the northern shore by way of several intermittent gully 

streams (Fig. 2). It has been estimated that 662 square 

kilometres (256 sq. miles) of land drain directly into 

Hunts Bay while only 52 square kilometres (20 sq. miles) 

drain directly into the Inner Harbour . The most import­

ant source of freshwater is the Rio Cobre which, however, 

has a highly variable flow . Its mean discharge has been 

estimated at 6.2 cubic metres per second (219 cubic feet 

per second), but during flash floods especially in 

October, peak flow may rise to 283 m3/sec (10,000 cfs). 

On the other hand the Duhaney River maintains a fairly 

uniform discharge throughout the year and has an average 

flow of ai,;,ut 2.83 m3/sec (100 cfs) or less than a half 

that of the Rio Cobre. The discharge rate of the Sandy 

Gully over a one year period has been estimated at 

61,317 million litres (13,500 million gallons) or the 

equivalent of 1.9 m3/sec (68.3 cfs) while that of all the 

remaining gullies on the north shore is 54,504 million 

litres (12,000 million gallons) a year or 1.7 m3/sec 

(60.7 cfs) equivalent (Government of Jamaica, 1970). 

The tide in Kingston Harbour is semidiurnal 

when the moon is over the equator and becomes diurnal 

during maximum north and south declinations of the moon. 

Highest tides are 0.456 m (l.5 ft.), the mean range is 

0 . 234 m (0.77 ft.) and the extreme range is 0.882 m 

(2.90 ft.). 

Winds in the days are mostly sea breezes from 

the east south east and south east and are invariably 

more than 10 knots. On the ~ther hand, night breezes 

off the land are from the north or north north west and 
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Figure 2 

Kingston Harbour, showing the major 

freshwater and waste discharges to it. 
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- 7-

are typically less than 10 knots. The windiest time of 
the year is March to August . There is a rapid fall-oft 
during October resulting in the last three months of 
the year being much less windy. 

The sea breezes create high wave action during 
the day and are responsible for vertical mixing of the 
water column. Furthermore, the winds appear to be primaril} 
responsible for a seiche along the harbour having a 
period of 45 to 60 minutes and an amplitude of 5 to 
7.5 mm (2 to 3 inches ) (Governme nt of Jamaica, 1968). 

Currents in the harbour are generally weaX 
and less than 30.5 cm/sec . (l ft./sec.) except in certain 
narrow channels . The Government of Jamaica Report 
(1968) indicated that the principal currents were tide 
generated and were comprised of simple ebb and flood 
raovements in and out of the system with rise and fall 
of the tides; bottom and surface currents were essentially 
similar. However, Goodbody (1970) has pointed out that 
the Government sur vey was conducted during a period of 
calm and the absence of wind and did not take into 
account the possibility of wind driven currents 
occurring at other times of the year. He has presented 
arguments to show that in fact wind driven currents 
may override the tidal effect in surface waters and 
that dur~ng periods of heavy winds when surface waters 
are being moved from the eastern end of the harbour 
towards the west , bottom currents moving in the opposite 
direction could be set up to form a counter flow . 
Goodbody's hypothesis has since been confirmed and the 
significance of these currents will be considered under 
the discussion of water quality. 
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-8-

Since thR Government of Jamaica study of 1968, 

the Hunts Bay causeway has been constructed and it has 

had a considerable effect on the water movements in that 

area . In the first place , wave action in the enclosed 

bay has been greatly reduced due to a reduction in wind 

fetch. Secondly. ebb and flood tide currents have been 

restricted to the narrow opening and have consequently 

increased in strength. Thirdly, the increase in velocity 

of the ebb current has produced a jet effect so that 

the Hunts Bay water now spouts out much farther into 

the Inner Harbour than previously, thus further modify­

ing the currents in that area . There ia some speculati on 

that this might be resulting in siltation of parts of 

th,.. shipping lane . 

2 . 3 Biology 

The outstanding feature of the biology of 

Kingston Harbour is its high primary productivity, 

especially in the Inner Harbour. Steven (1965) measured 

the productivi t y of the Inner Harbour by phytoplankters 

to be about forty times that of the open ocean south of 

Kingston and showed that this difference could be 

correlated with differences in the amounts of dissolved 

nutrients (nitrates, nitrites, phosphates, sil icates) 

present in the water outside and inside the harbour . 

He concluded that the gradient of primary production 

from outside to inside the harbour"appears to be 

generally independent of climatic or other obvious e x ter­

nal factors and can be presumed to be internally 

self-maintaining. probably by local recycling of 

nutrient s . 11 

-
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Steven's conclusions on high productivity 

in the harbour have been supported by E. S. Grahame's 

(personal convnunication) work on the phytoplankton 
and by Moore's (1967) and J. Grahame's (1974) studies 

of zooplankton abundance. However, J. Grahame has shown 
that the harbour supports not one but at least four 

distinct convnunities of zooplankters, all of high 
standing crop. These are an Outer Harbour convnunity, 
a Hunts Bay convnunity, an Inner Harbour community, 

and an Upper Basin convnunity . Furthe rmore, he has 
concluded that components of these communities show 

responses to physical factors, especially to local 
rainfall and run-off via the Rio Cobre, but that these 

responses are probably mediated through the phytoplankton. 
Similarly, E.S . Grahame has found a number of distinct 

phytoplankton convnunities in the harbour, with fresh­

water dilution playing a significant role in deter-
mining the species composition, especially in Hunts 

Bay. Hence, the picture we have of plankton production 

in the harbour is of high nutrient concentrations 

supporting large standing crops of distinct communities 
in various parts of the harbour with freshwater 

appearing to be a major factor in determining their 
composition~ 

The high nutrient l evels and primary pro­
duction in the harbour have given rise to eutrophic 

conditions, especially in the Inner Harbour and Hunts 
Bay. This ha s been evidenced by the increasing 

occurrence of phytoplankton blooms (Steven, 1965: 
\·lade, 1969; Grahame, 1974) and by the tendency for 
subsurface waters to be deficient in oxygen (Wade 

ee al, 1972; Grahame, 1974). Wade !l.! ll (1972) have 
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shown that benthic populations have suffered from these 

conditions while, on the other hand, Grahame (1974) has 

shown that the zooplankton thrive by them. 

ln addition to the production by planktonic 

organisms, Kingston Harbour also supports high primary 

production in the turtle grass beds and mangroves . 

Goodbody (1970) has estimated that there are 809 hectares 

(2,000 acres) of turtle grass in the harbour and 

Greenway (1974) has measured a production rate of 2165 g 

dry weight/m2 per year for the shoots of this species. 

Hence, if all the turtle grass in the harbour beds were 

to maintain this level of production, total production 

oi organic matter by the shoots woul d be an incredible 

752 x 106 g/yr . lt is unlikely, however, that all the 

beds would maintain the level of production measured 

by Greenway due to lower densities and reduced light etc. 

Nevertheless , since her measurem~nt relates to organic 

matter in the shoots only and does not take into account 

the amount stored in the rhizomes, we coul d safely 

estimate the total production to be of the order cal culated 

above . However , how all this organic matter is utilised 

in the harbour and what role it plays in the energetics 

o:: the system still remain to be solved . 

The rate of primary production by mangroves 

in Kingston Harbour has not been measured, but it is 

believed to be high . However, as Goodbody (1974) has 

pointed out, the total area of mangroves in the harbour 

has been reduced by less than half in recent years 

due to clearance and ,if the trend continues, the mangroves 

could lose their importance as primary producers in the 

systein. Nevertheless, the Port Royal mangrove swamp 

---
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continues to harbour a rich and diverse sessile fauna 
and comnercial oyster exploitation is carried out on a 
minor scale (Siung, 1976 ). 

The benthic c0111nunities of Kingston Harbour 
have been described in a number of publications by 
Wade (1972a, 1972b) and Wade tl .!!.! (1972), and the effect 
of deficient oxygen levels on them have been discussed . 
It has been shown that in 1968, there were 5 distinct 
bottom c011111unitiea in the harbour - two in the Inner 
Harbour beein, one in Bunte Bay, one in the outer 
Harbour beein, and one on the sand shoale. These showed 
a pattern of increased diversity as one moved from the 
Inner Harbour and HUnts Bay out to the outer Harbour. 
However, due to oxygen deficiency, both Inner Harbour 
c0111nunitiea and the Hunte Bay community began to 
deteriorate with the result that by 1972, one of the 
Inner Harbour c0111nunities had completely disappeared, 
the other had shifted weetward and the Hunts Bay 
corranunity had undergone very substantial changes. 
Accompanying all these was the creation and spread of 
an abiotic zone in the Inner Harbour. Up to 1972, 
the community of the outer Harbour which had been 
described as one of the moat diveree in the world had 
not seemed to have undergone much change. However, 
this report will take up the s t ory of the benthos again 
and will describe further effects on all the communities 
since 1972. In short, the trend which bad been observed 
up to 1972 has continued and all of the benthos now 
show the unmistakable effects of environmental stress. 

Publications on t he f ish and sh r i mp popula­
tions o f Kingston Harbour are few. Munro (1968) in a 
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trawl survey of the harbour found that there were 

sufficiently large populations of demersal fish and 

shrimp in the h arbour to justify the creation of a small­

scale trawling industry in the Inner Harbour. However, 

thi~ author has observed that these populations have 

disappeared from the Inner Harbou r along with the benthos. 

Munro (1968), Goodbody (1970) and Goodbody 

et al (1969, 1970) have drawn attention to the importance 

of Kingston Harbour as a fish and shrimp nursery ground. 

The best areas then were Hunts Day, Dawkins Pond, the 

Port Royal mangroves, Plumb Point Lagoon and Ducaneer 

Swamp. However, some of these areas have recently under­

gone considerable changes due to urban development and 

their present position with regard to a nursery function 

is thus unclear . 

All recent studies in Kingston Harbour point 

to the fact that although primary production continues 

to be high and the plankton populations are thriving, 

all other communities of animals appear to be under 

stress and are in decline. The seriousness of this 
situation on the overall maintenance of the harbour 

system will be developed and discussed in the body of 

this report . 

2.4 Harbour uses 
Kingston Harbour is regarded as one of the 

finest natural harbours in the world and is the chief 

port of Jamaica . In addition, it is developing as a 

major international trans-shipment center for contain­

erised traffic. At present , more than 2,000 ships enter 

Kingston Harbour each year and dock mainly in the Inner 
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Harbour at Newport West and Newport East . llowevcr, 
there are also oil bunkering berths in the eastern end 
of the harbour at Rockfort as well as gypsum and 
cement loading piers (Fig. 3). The harbour can 
accomodate about 30 large ships at any one time although 
its full capacity is seldom utilised. 

Besides docking facilities, a number of 
industrial operations are sited along the shore of the 
harbour. The most important of these are an oil refinery, 
a flour mill and a cement plant. 

Rapid urban development and the need for 
waterfront real estate have resulted in considerable 
changes to the shore of the harbour. Destruction and 
clearing of mangrove swamp has recently taken place and 
continues to take place in the area of the airport and 
Bucaneer swamp along the Palisadoes spit, and at Hunts 
Bay and Dawkins Pond on the western shore . 

Dredging and land-fill operations have 
also helped to change the shoreline and within the past 
ten years these have been especially common in the 
docking areas. The major works have been:-

l) The construction of the Oil Refinery compound, 
Newport West and Newport East (1963 - 1968); 

2) The construction of the transhipment port 
(1973 - present)• 

3) The construction of the Hunts Bay causeway 
(1969); 

4) The reclamation and filling of much of Dawkins 
Pond (1969 - present); 
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5) The construction of a navigable channel 

linking Dawkins Pond and the Outer Harbour 

(1970); and 

6) Filling of the shore adjacent to the cement 

factory (1965 - present ). 

Further changes including the extension of the 

airport runway and the creation of one or more causeways 

are also proposed. 

Up until recently mud was dredged from Hunts 

Bay on a regular basis for the cement factory . This has 

now ceased. but there have been recent proposals to mine 

sand and gravel from parts of Hunts Bay and the harbour 

shoals for use in the building industry . 

Despite the decline of fish populations and 

the destruction of valuabl e nursery grounds, Kingston 

Harbour is still a major fishing centre and forms the 

basis of livelihood for more than two thousand persons. 

Most importantly, it is a source of fry and shrimp bait 

for the offshore fishery . Up to recently a moderate 

oyst er fishery based on the Hunts Bay and Dawkins Pond 

mangrove oysters was carri ed out , but with the destruction 

of these mangroves. this has ceased. Oysters are now 

only collected from the Port Royal mangroves , and the 

y i eld is much less . 

Kingston Harbour is the most intensively used 

recreational facility in Jamaica and offers the 

greatest range of attractions of any single environment 

in the island . There are three public beaches and 

several private beaches, incl uding those of two hotels , 
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along its shore: there are also three pleasure boat 

marinas, and a number of lay-by ramps for launching 

small boats and fishing . Swimming, skiing, sailing, 

line fishing and taking scenic boat rides are the 

popular attractions, which, according to one author, 

provide KingAton Harbour"the opportunity to develop 

into a very significant tourist playground" (Riley, 

1969). 

One of the very first marine laboratories 

in the Caribbean was established at Port llenderson along 

the shore of Kingston Harbour in the 1890's, because 

of thP rich diversity of environments and biota which 

the harbour provided. Since then and especially after 

the establishment of the University's marine laboratory 

at Port Royal in 1955, the harbour has been used as a 

major centre of scientific research and instruction 

in the Caribbean . Indeed, the location of the University's 

laboratory on the shore of Kingston !!arbour is widely 

regarded as one of the finest in the world for marine 

research. 

All these uses and activities associated with 

Kingston Harbour help to make it one of the most 

valuable multi-purpose resources in Jamaica and are in 

no small measure responsible for the city of Kingston 

having developed into one of the largest industrial, 

commercial and residential centres in the Caribbean. 

2. 5 Pollution 

Kingston Harbour receives a considerable 

amount of waste discharges from a number of sources. 
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The most important of these are stormwater run-off via 

rivers and gullies, sewage treatment plants , industrial 

outfalls and merchant ships. The Government of Jamaica 

(1970) in its report on a sewerage study for the City 

of Kingston estimated that the total pollution load 

to the harbour in terms of organic wastes was approxi­

mately 26,000 pounds of Biochemical Oxygen Demand (B.O. D. ) 

per day. Of this amount, stormwater run-off accounted for 

about half the load while sewage and industrial wastes 

accounted for almost all the rest: the organic load from 

ships was negligible. 

The volume of stormwater run-off reaching Kingston 

Harbour has probably remained the same order of magnitude 

for the past several years although it is conceivable 

that recent increases have occurred with urban build- up . 

However, the sewerage report does not predict any major 

increase in stormwater run-off for the next 35 years, and 

in fact suggests that the organic load from this source 

could be reduced as the gullies become cleaned up and 

stormwater is controlled. It should be pointed out here 

that gullies are at present a major avenue for solid and 

liquid waste disposal in the city and that any recent 

increases in their pollution load are most likely to be 

due to these activities than to increased flow per se. 

There are at present no less than 15 sewage treat­

ment plants which discharge their effluents either directly 

or by way of short water courses into the harbour 

(Table l, Figure 2). Of these, the two largest are 

primary treatment plants, being the Western Plant 

(3.5 million gallons a day capacity), and the Greenwich Plant 
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,ble l: List of Sewage Treatment Plants which discharge 
to Kingston Harbour (Government of Jamaica, 1970) 

lant Treatment Capacity Discharge 

astern Primary 3,500,000 gpd Direct to harbour. 
settling 

reenwich Primary 5,000,000 gpd Direct to harbour . 
settling 

ortmore Extended 416,000 gpd Direct to Dawkins Pond. 
aeration 

ndependence Extended 416,000 gpd Direct to Hunts Bay 
City aeration 

rerno Ltd. Extended 33,000 gpd TO harbour via Duhaney 
aeration River. 

uhaney contact sta- 834,000 gpd To Duhaney River via 
bilisation creek. 

ughenden Cont.act sta-
bilisation 

208,000 gpd To harbour 
Gully. 

via Sandy 

ance Pen Extended 200,000 gpd To harbour via Sandy 
aeration Gully . 

ingston Wharves Extended 
aeration 

13,300 gpd Direct to harbour. 

edcles Grant Extended 3,300 gpd To harbour via gully . 
aeration 

,erger Extended 
aeration 

3,300 gpd TO harbour via Sandy 
Gully. 

•aper Processors Extended 6,250 gpd To harbour via Sandy 
Ltd . aeration Gully. 

1alisadoes Extended 100,000 gpd Direct to harbour. 
Airport aeration 

>ort Royal Police Extended 4,160 gpd Direct to harbour. 
aeration 

rDF - Port Royal Extended 
aeration 

6,250 gpd Direct to harbour. 

Since this list was compiled, a few other small plants 
have gone into operation. 
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(5.0 mgd capacity) . All the rest are secondary plants. 
The Government of Jamaica study (1970) estimated the com­

bined flow fr(]U these primary plants at the time to be 

approximately 4 . 6 mgd. However, flow of the Greenwich 
plant has more than doubled since then and their combined 

volume is now about 7.0 mgd. 

Of the remaining plants, the estimat ed flow 

in 1970 was 1.75 mgd . However, this too has increased 

and is approximately double that today. Hence the 
total volume of sewage effluent reaching Kingston Harbour 

is now estimated to bel0.5 mgd . 

The Government study estimated the total 

organi c load to t he harbour from sewage in 1970 to be 
7,100 pounds B. O. D. per day . With the increased flows, 

this load is probably now about 12,600 pounds B.O.D./day . 

Ships which enter Kingston Harbour are required 
to hold their sanitary wastes in tanks until after they 

have cleared port . However, the smaller cargo ships 

often do not have such tanks and may discharge raw 
sewage into the harbour . This practice appears to be 

declining as more ships are equipped with tanks and the 

problem does not seem too great . 

In 1967, the Government of Jamaica conducted 

a bacteriological survey of the harbour to determine 
the extent of bacterial pcllution. Their report showed 

that at t hat time, the entire northern shore of the Inner 
Harbour and Hunts Bay as well as along sections of the 

Palisadoes and Port Royal had coliform counts which were 
in excess of 2,400 MPN/100 ml or well above the limit 
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regarded as safe for human contact (Fig . 4). Hence, 

the report concluded that " in view of the bacterial 

pollution indicated by this survey, waters along the 

north shore and waterfront of Port Royal present an 

almost certain heal th hazard to bathers . 11 However, no 
action has been taken to regulateor control bathing 

in t hese areas . 

More recent bacteriological investigations 

carried out a t the commencement of this project in 

1972 and in 1973 have shown that the pattern of bacteri­

al pollution has not altered much and, if anything , 

more areas are now being affected by sewage. Of 

particular interest is a high coli form level of 

900 MPN/100 ml measured at Bucaneer Beach on the south 

shore of Kingston Harbour and a similar reading in 

Dawkins Pond . Since both of these places are in 

recreationally intensive areas and were previously free 

from bacterial pollution it should be of concern that 

the pollution resulting from sewage discharges should 

now have spread into these areas as well. 

The 1970 Government study on sewerage estimated 

that wet industries in the city of Kingston generated 

approximately 2.1 mgd of waste, most of which were 

discharged to the Inner Harbour or Hunts Bay . The 

total B.O. D. load of these wastes was further estimated 

at 7,000 lbs./day, or approximately the same as the 

sewage load at the time. The types of industries, the 

volume of their effluents and the nature of the wastes 

at that time are given in Table 2. However, these 

have also in~reased since the survey. 
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Table 2: Major industrial waatea discharged to Kingston Harbour 
(Compiled from Government of Jamaica Report, 1970) 

Type of Waste Estimated Characteriatics 
Average Flow 

Soft Drink Bottling 225,000 gpd High pH, suspended 
solids, B.O. D. 

Vegetable and Fruit 210,000 gpd High suspended solids, 
canning and dissolved 

organic matter. 

Slaughterhouse 90,000 gpd High organic matter, 
proteins, fats . 

Dairy Products 200,000 gpd High organic matter, 
proteins, fats and 
lactose. 

Brewery 700,000 gpd High dissolved organics, 
nitrogen and starches. 

Tannery 30,000 gpd High solids, hardeners, 
salt, pH and B.O.D. 

Oil Refinery 400,000 gpd High B.O.D. 

Detergents, Oils, 250,000 gpd High B.O.D. and saponi-
Soaps tied soaps. 

Total: 2,105,000 gpd 

Estimate: 7,000 lb. B.O.D./day 
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The high organic loading reaching Kingston 

Harbour by stormwater , domestic sewage and industrial 

wastes has helped t o create a condition of o>~ygen 

deficiency throughout most of the harbour . Wade ct al 

(1972) have described the nature o( this organic 

pollution and have discussed its effect on benthic 

communities in a preliminary manner. However, this 

subject will be taken up again at some l ength later 

in this r eport , and will not be discussed further :it 

this t ime . Similarly , the problem of eutrophication 
already mentioned, resulting from nutrient input by 

way of stormwater, sewage und industrial wastes will 

also be considered later . 

In addition to t he organic and nutrient 

inputs , a number of other pollutants enter Kingston 
Harbour . Of great importance are heavy metals anO 

pesticides, both of which seem t o be in high concen­

tration~ in Hunts Bay . Unfortunately, however , although 

some prel iminary screening for these pollutants has 
taken place , no published information i s available . 

Oil pollution from ships in Kingston Harbour 
is increasing due t o the discharge of oil contaminated 

bilge and ballast water at nights by smaller ships 

which do not have their O¼n oil separation equipment . 

These discharges result in the formation of e xtensive 

sli cks which , under the influence o f land breezes 

~t night , are transported over to the south shore of 

the harbour where they frequent ly foul recreational 

facilities at Gunboat Beach, Buc aneer Beach, the 

Yacht Club and Morgan.• s Harbour . ..Fortunately , however , 

no really large spills have occured either intentionally 

or by accident . 
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Th final form of pollution in Kingston Harbour 

and the most visible, is that caused by soli waete 

disposal. There are three main couses . First is the 

dumping or wastes in the land-fill areas, notably along 

the llunts Bay causeway nnd th~ cement factory fill . 

!;econd, i~ the dumping of garbage in gullies, which, 

during rains, discharge thei- contents into the harbour . 

An,.i third , is the dispo:..al ot refuse from ships . 1-.:on<' 

of tuese disposal pract ices i. legal . and it should 

t,crefore not be difficult to control them by enforcing 

the 1,,we . liowcver. tr,P res lt of this present l"ck of 

enforcement it a significant fouling of the> harbour 

w,tar and n consequent reduction in aesthetic appeal . 

'l'he c>:t ent of :>ollution in Kin•0ston Harbour 

n y iJe detcrmine<J. by examination of certain w~ t er qui\l ity 

patDmeter~ . ~uch a n examination, togethPr with a 

d~scussion 01 t •actors aftecting water quali~y.form 

th basis ot Part 2 of this report . 

• 
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3. SUMMARY 

( 1) Kin-iston !!arbour, situated on the south coast 

of Jamaica, is a semi-enclosed body of water which has 

only a narrow channel connecting it with the open sea . 

It comprises t1lree main regiont:., th(> Inner f:arbour, the 

Outer ::arbour, and Hunts Bay and occupies approximntely 

51 sauare kilometres (19.9 square miles) . The city 

of Kingston and its suburbs, with a population o( nearly 

700,000 persons is situated on its northern and western 

shores . 

(2) The harbour is a ;,hysiographically complex 

system which , historically, has maintained fairly stable 

conditions of shape , depth an~ water characteristics . 

However, within the past 20 y'"'ars, man-made changes 

have occurred such as th@ removal ot mangrove swamps, 

the reclamation ot low-lying areas , river and drainage 

diversions , dredgings, fillings and the construction 

of a causeway . Th~se activities have served to alter 

the stability of the harbour in a numi.,er ot: ways although 

this is not yet fully understood . Nevertheless, there 

is evidence that the systent i!. present ly in t he process 

ot reaoJustment to these altered conditions . 

(3) The outstanding feature of the biology of 

Kinnston Harbour is its high primary product ion . Ilowever , 

recent studies indicate that although primary production 

remains high and plankton tr rive in the harbour , a l l 

other animal communities appear to be under s t ress a no 

are in decline . This is especially evident in the 

deraersal iish and benthic invert ebrate communities which , 

in the past ten years or so , have largel y disappeared 

from the Inner Harbour and Hunts Bay . 
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(4) Kingston Harbour is a valuable multi - purpose 

resource, and the success o f Kingston as a city has to 

a large extent been dependent on it. In the first 

place, it is one of the finest natural harbours in the 

world, and, in addition to being the center o f the 

island's sea trade. is rapidly developing as a major 

; •cernational transhipment port . Secondly, it has been 

u d remains the largest fishing center in the island 

despite tl,e recent decline in fish and she llfish 

populations. And thirdly . it is the most intcnoively 

used recreational facility ir. Ja.tr1dlca, providing not only 

a wide range of enjoyment for residents, but also 

offering opportunitites for the development o f a variety 

of tourist attractions. 

(5) The present and potential uses of Kingston 

Harbour are being affected by various kinds o f pollution. 

These incl ude substandard bacterial levels along the 

northern shore as well as in some recreational areas, 

solid wastes, an,~ oil pollution. However. the mo~t 

serious pollution from an ecological point of view 

is the organic pollution resulting f rom run-off and the 

discharge of sewage and industrial wastes, and 

eutrophication resulting from over-fertilization by 

inorganic nutrients. 

(6) An examination of water quality in the harbour 

along with a discussion of the factors affecting it 

are given in Part 2 of this report. 
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l. INTRODUCTION 

Early in 1971 the Government of Jamaica 

established a water quality monitoring programme in 

Kingston Harbour as a result of recommendations made 

in the sewerage study report of the Government of 

Jamaica (1970). This programme was set up under the 

overall direction of a Government committee, but actual 

field operations and day to day control were undertaken 

mainly by U.W.I. personnel at the Port Royal Marine 

Laboratory and by a laboratory technician hired to the 

programme. Early monitoring functions were carried out 

under the Supervision of Mr. Kevin Deeming and Dr. 

John Grahame of the U.W.I. and or. Philip Ashurst of 

the Scientific Research Council . However, towards 

the end of 1972, this author a~surned responsibility for 

supervising the programme. 

The monitoring data obtained since 1972 along 

with additional data collected by this author outside 

the Government programme form the bulk of information 

on which this section is based. However, some data 

collected prior to 1972 are also considered in cases 

where no later comparable data exist . 

Originally eleven stations were established 

throughout the harbour, and these were sampled fort­

nightly. However, after a year, the number of stations 

was reduced to five (Stations 1, 3, 4 , 5 & 7) and the 

frequency to once a month. Subsequently , more than 

fifty additional stations were established around the 

periphery of the harbour for occasional sampling. 

Figure 5 shows the locations of all these water quality 

monitoring stations. 
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The parameters routinely measured in the 

monitoring programme were temperature, salinity, 
parency, dissolved oxygen, nitrates nitrites, 

phosphates and silicates. Additional para~~ters 

measured by this author were i.>iochemical oxygen demand 

(B.O.D.) and suspended solids. Unfortunately, due to 

equipment and boat failures, there were a nurn.:.ier of 

interruptions in the prograP\!'00 and theie is therefore no 

single year for which complete data for all the para1neters 

exist. Nevertheless, in nearly every case where gaps 

exist in a yaar, data for those pe1iods are available 

in adjacent years. 

For purposes of tabulation an<l illu~tration of 

monthly values in this reµort, the data obtained from 

1-tay to November, 197 3 and December 1974 to April 1975 

have been used since the data for most parameters are 

complete for these periods. However , other data are 

produced and cited where applicable. 

At each station except the shallow ones, 

monitoring was done at 5 metre depth intervals starting 
at the surface. Where the depths were insufficient 

the surface and bottom water (one metre from the mud) 

were monitored. The actual depths of sampling at the 

five main stations were as follows :-

Station l (Outer Harbour) : o . 5 , 10, 13 metres 

3 (Hunts Bay): 0, 3 metres 

4 (Inner Harbour): 0 , 5, 10, 12 metres 

5 (Inner Harbour): 0, 5, 10, 15 metres 

7 (Inner Harbour): 0 , s . 10, 15, 18 metres 

All in situ measurements were made in the 

mornings between 0800 and 1130 hours. 
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2 . METHODS 

Temperature and salinity were measured in situ 

by means of a Beckman RSS- 3 induction salinometer. 

Periodic checks for accuracy were carried out against a 

standard thermometer for temperature and silver nitrate 

titrations for salinity. 

Dissolved oxygen was also measured in situ 

by means of a Delta Scientific Model 85 oxygen meter 

and probe. Calibration of the instrument using oxygen­

saturated distilled water was carried out prior to each 

day's measurements1 and corrections for salinity were 

made after the measurements using a formula and table 

supplied by the manufacturers. 

Transparency was measured by using a 30 cm diameter 

oceanographic Secchi Disc. 

Water samples for B. O.D., suspended solids 

and nutrient analyses were obtained with 3-litre van 

Dorn bottles. The samples were transferred to glass 

stoppered chemical bottles at sea and on return to the 

laboratory were either refrigerated or analysed 

immediately. 

B.O.D. was measured using a Hach manometric 

apparatus (Model 2173) after this equipment had been 

checked out for accuracy against the standard dilution 

technique. This method of B.O.o. determination uses 

the operating principles of the Warburg and Sierp 

methods in which uptake of oxygen results in a drop 

in air pressure aOOve the sample with a consequent 

rise of mercury in the manometer. Since the manometer 
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sight glass is precalibrated, the B.O.D. as mg/1 can 

be read directly from it. This method has greatly 

simplified the measurement of B.O.D. and has made it 

possible to take continuous readings without disturbing 

the sample. All B.O.D. measurements were made at 20°c 

over 5 days, unless otherwise stated. 

All nutrient determinations were performed with 

a Technicon Antoanalyzer using procedures specifically 

developed for maximum accuracy at low concentrations in 

seawater. After refrigeration, all samples were paper 

or membrane· filtered before analysis. 

The determination of nitrate + nitrite utilises 

the procedure whereby nitrate is reduced to nitrite by 
a copper-cadmium reductor colwnn. The nitrite ion then 

reacts with sulfanilamide under acidic conditions to 

form a diazo compound. This compound then couples with 

N-Napthylethylene-diamine to form a reddish-purple 

Azo dye. 

The nitrite method is similar except that the 

reductor column is dispensed with. 

The automated procedure for the determination 

of soluble phosphate in seawater depends on the reaction 

whereby phosphate in an acidic molybdate solution forms 

phosphomolybdic acid which is subsequently reduced with 

ascorbic acid to form a molybdenum blue complex. 

The procedure for the determination of molybdat:e 

reactive silicate is based on the reduction of 

molybdosilicic acid by a-methyl-para aminophenol to 

form a molybdenum blue complex. 
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3. TEMPERATURE 

A temperature distribution chart for Kingston 
Harbour was produced for the Government of Jamaica in 

1968 based on three months of measurements (November, 

1966 - January, 1967) (Government of Jamaica, 1968). 
This chart showed that except for the region of the 

harbour near to the Jamaica Public Service generating plant 
where a heated effluent is discharged, horizontal 
temperature differences were very small, of the order 

of 2 - 3°c. Furthermore, the average difference between 

surface and bottom temperature was only about o.s0 c. 

Year round data obtained in this monitoring 

study substantiate the general conclusion of very 

small horizontal and vertical temperature differences 

throughout the harbour. (Table 3, Fig. 6) However, 
the data indicate that during the rainy months, surface 

temperatures in Hunts Bay reflect the temperature of 

run-off stormwater more than that of harbour water. 
Hence, these temperatures are subject to greater 

fluctuations than the surface waters in the rest of the 
harbour. 

Station 5 is typical of most of the harbour 

except Hunts Bay. The annual range of temperature is 

3.s
0

c (26.3 - 29.7°) with July and August being the 
warmest months and January to March being the coolest. 

Horizontal temperature differences across the Inner 

and outer Harbour are less than o.s0 c while surface 

temperatures are on the average less than 0.2°c above bottom 
temperatures. Howeverf since all the measurements were 

taken before the daily temperatures reach their 
maximum it is probable that these differences could 

be increased by about 1.0 to l . S0 c. However, for all 
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practical purposes these small differences can be 

regarded as insignificant in considerations of water 

quality. 
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Table 3 : Surface and bottom temperature values in °c for the 5 monitoring 
stations for the periods May - November, 1973, and December, 1974 

to April, 1975. 

Stn. l Stn. 3 Stn. 4 Stn. 5 Stn. 7 

Date Surface Bottom Surface Bottom Surface Bottom Surface Bottom Surface Bottom 

24.5.73 - - 29.9 29.4 - - 28.9 28.7 29.l 29.l 
8 .6.73 29.2 28.7 29.7 29.9 29.5 29.2 29.4 29.2 29.l 28.9 

12.7.73 29.5 29.5 29.l 29.l 29.6 29.6 29.7 29.7 29.7 29.5 
10.6.73 29.4 29.3 26.0 29.7 29 .4 29.3 29.6 29.7 29.5 29.5 
7.9.73 28.4 28.5 27 .3 29.l 28.9 28.7 28.7 28.8 28.9 28.8 
4.10.73 26.9 29 .2 27.4 29.9 29.2 29.4 29.6 29.4 29.7 29.3 

16.11.73 20.4 28.9 25.6 29.2 28.3 28.9 28.8 29.l 29.4 29.2 
2.12.74 27.7 28.2 26.l 26.7 28.8 28.4 28.7 28.5 28.4 28.6 

16.l. 75 25.8 26.2 26.3 26.4 26.l 26.2 26.4 26.3 26.6 27.0 
8 .2.75 - - 27.5 27.2 - - 26.8 26.6 - -
4.3.75 26.3 26.7 27.8 27.3 26.8 26.5 27.l 26.4 27.0 26.0 

10.4.75 27 . 9 27.5 26.4 28.4 28.2 27.8 27.9 27.6 27.7 27.3 

AVG. 28.13 28.27 27.75 28.69 28 .48 28.40 28.46 28.33 28.64 28.40 
MAX. 29.5 29.5 29.9 29.9 29.6 29.6 29.7 29.7 29.7 29.5 
MIN. 25.8 26.2 25.6 26.4 26.l 26.2 26.4 26.3 26.6 26.0 
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4. SALINITY 
Normal ocean salinities off the south coast 

of Jamaica are between 35.0 and 36.0 °/oo. en Kingston 

Harbour these salinities are reduced by freshwater 

discharge from two rivers, the Rio Cobre and the Duhaney, 

several intermittenc gully streams including the Sandy 

Gully, and waste outfalls, as well as by direct 

precipitation. 

The locations and volumes of freshwater 

discharge to the harbour have already been described 

in Part 1 of this report. From this account, it is 

clear that Hunts Bay receives the largest amount of 

freshwater and therefore has the greatest dilution. 

However, since the discharge is highly sea~onal due 

to the annual rainfall pattern (Fig. 7) there is 

significant fluctuation in salinity throughout the 

year (Table 4, Fig . 8 ). This fluctuation is most 

pronounced in the surface metre of water in Hunts Bay 

where the salinity has fallen to as low as l.8 '100 in 

the rainy months and risen to 35.5°/oo in the dry 

rnonths. However, the bottom water of Hunts Bay does 

not show such wide fluctuations (33.3 - 35.7 '100) since 

it is seldom mixed by wind and tidal action with the 

fresh surface layer. Hence, the bottom water represents 

the more stable marine conditions of the harbour. 

The effect of freshwater run-off extends to 

all stations in the Inner and Outer Harbours although 

it is greatest at station 4 near Newport East and at 

station lat the mouth of the harbour. At both these 

stations following rainstorms, the salinity of the top 

metre of water may be reduced to about 30 °,oo or less 
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Table 4: Surface and bottom salinity value s in parts per thousand for the 
5 monitoring stations for the periods May to November, 1973, and 

December , 1974 to April, 1975. 

Stn, l Stn. 3 Stn. 4 Stn, 5 Stn. 

Date surface Bottom Surface Bottom Surface Bottom Surface Bottom Surface 

24.5.73 - - 35,5 35, 7 - - - - 35 .9 

8,6,73 35.2 35.7 31.3 35.2 35.7 35.7 35.8 35.8 35.9 

12.7.73 35.8 35.8 31.9 33.3 35.8 35.8 35.8 35 .8 35.9 

10,8,73 35.3 35.6 26,8 35.3 34.7 35.7 35.8 35.9 36.l 

7.9.73 34.7 35.5 14.8 34.8 35.0 35.5 35.4 35.6 35,6 

4.10.73 33.7 35.3 5.9 34.5 31.3 35.3 34.9 35 . 4 34.9 

16.11. 73 33.5 35 .2 3.6 34.8 33.0 35.3 33.2 35.2 33.6 

2.12.74 31.5 35.6 1.8 34.6 32.8 35.6 34.2 35.5 33.l 

16.l. 75 34.3 34.8 29.5 33.9 34.7 35 . 2 34. 7 35.0 34.7 

8.2.75 35.6 35.6 28.5 35,0 35.l 35 . 7 35.2 35.2 35.l 

4.3.75 34.4 36.7 29.8 35.l 35.2 35.8 35.2 35.6 35 .4 

10.4.75 35.6 35.9 28.7 35.l 35.6 35.8 35.7 35.7 35.7 

AVG. 34.51 35.61 22.34 34.77 34.44 35.58 35.08 35.51 35.15 

MAX. 35.8 35.9 35.5 35.7 35.8 35.8 35.8 35.9 35.9 

MIN. 31.5 34.8 1.8 33.3 31.3 35.2 33 . 2 35.0 33.l 
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as the fresh surface layer from Hunt s Bay together 
with the discharges from the gully streams are flushed 
out of the harbour. However, this severe dilution 
lasts for only a few weeks before near normal salinity 
is restored by tidal and vertical mixing. Generally 
it is only the surface metre of water that is affected 
while all the water below thi• depth maintains fairly 
stable salinities (See Table 5). 

The same general picture is true for the 
rest of the harbour except that the further away from 
the source of freshwater, the s:naller is the surface 
dilution. However, the dilution effect may persist for 
a longer time in those places due to poorer vertical 
mixing and slower tidal flushing. One such place is 
in the Port Royal mangroves where the surface dilution 
has been known to persist for as long as 2 - 3 months 
and to cause mass mortality of the mangrove root 
fauna (Goodbody, 1961). 
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Table 5: Salinity profile measurements for the 
5 monitoring stations taken one week 
after the Gilda flood rains in October 
1973. 

S T A T I O N 

Depth 1 3 4 5 

0 m 28.2°/oo 0.3 °/oo 21.6°/oo 18. 7 ° /oo 

5 m 34,9 33.9 (3 m) 34.3 34.6 

10 m 35.2 - 34.9 34 . 9 

15 m 35.2 (13m - 35 .0 (12ml 35.2 

18 m - - - -

7 

29.3°/oo 
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5. TRANSPARENCY 

Transparency is a function of the amount of 
particles in suspension in the water. Hence it may be 
affected by run-off from land, wave action and 
plankton production. Of these run-off is the most 
important in determining spatial differences in Kingston 
Harbour. 

Table 6 provides data on the transparency of 
the water at the 5 monitoring stations in Kingston 
Harbour as measured with a Secchi Disc. These data 
show that the poorest transparency is consistently in 
Hunts Bay (0.97 m avg.) where run-off is greatest and 
that it is at its worst (0.51 m) during the rainy periods 
when the surface salinity is lowest (See Figs. 8 & 9). 
Howevex, at no time is transparency in Hunts Bay greater 
than 1.5 m and so this water is always turbid. 

The situation improves rapidly outside of the 
Hunts Bay causeway although the run-off effect is still 
very evident at station 4 during the rainy periods. 
Hence, whereas transparency at this station rises to 
6.0 m during the dry months, it falls to 2.5 m after 
rains. However. since this station is located in the 
vicinity of Newport East where there are waste discharges 
in th~ form of sewage, soap and detergent wastes, and 
slaughterhouse wastes, particulates from these sources 
also help to reduce the transparency (3.79 m avg.). 
Another factor affecting transparency in this region is 
tidal action. During high flood tides, a tongue of 
clear open-sea water from outside Port Royal may 
penetrate up into the harbour pass Newport East. At 
such times, transparency at station 4 improves radidly 
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Table 6: Secchi Disc Transparency values for the 
5 monitoring stations for the periods 
May to November 1973 and December 1974 
to April 1975. 

S T A T I ON s 
Date l 3 4 5 

10.5.73 3.0 m 1.5 m 3.0 m 5.0 m 

8.6.73 2.5 m 1.0 m 3.0 m 4.5 m 

12.7.73 3.0 m 0 .8 m 3.5 m 5 . 0 m 

10.8.73 4.0 m 0 .7 m 2.5 m 4.5 m 

7.9.73 4.0 m 0 .8 m 4.0 m 5.5 m 

4.10.73 4.5 m 0.9 m 4.5 m 6.5 m 

16 . 11.73 6.5 m 1.0 m 3.0 m 4.0 m 

2.12.74 4.5 m 0.5 m 3.0 m 5 . 0 m 

16.1.75 5.5 m 1.0 m 4.5 m 8.0 m 

8.7.75 6.0 m 1.5 m 5.5 m 11.0 m 

4.3.75 11.0 m 1.0 m 6.0 m 6.0 m 

10.4.75 3.5 m 1.0 m 3.0 m 6.5 m 

AVG. 4.83 m 0.97 m 3. 79 m 5 . 95 m 

M/\X. 11.0 m 1.5 m 6.0 m 11 . 0 m 

MIN. 2.5 m 0.5 m 2.5 m 4.0 m 
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(on one occasion reaching 11 . 0 m), but this is short­

lived as on the ebb tide, the more turbid harbour water 

returns. 

Station lat the mouth of the harbour shows 

somewhat similar effects from run-off and open-sea 

water as station 4. However , here the run-off effect 

is greater. Hence, al though there is a similar annual 

range of transparency at this station (2.5 - 11.0 m) 

the average is higher (4.83 m) . 

Transparency in the upper harbour improves 

gradually as one moves away from the sources of run-off. 

However, as elsewhere in the harbour, transparency is 

still lowest in the wet months and highest in the dry 

months. Both stations 5 and 7 have an annual range of 

transparency of 4.0 - 11.0 m, but station 7 has a higher 

average of 6.54 mas against 5 .95 m for station 5. 

The importance of wave action in influencing 

transparency in Kingston Harbour cannot be overlooked. 

Generally, transparency is greatest when wave action is 

lowest, and particles tend to fall out of suspension, 

but in Kingston Harbour, this coincides with some of 

the dry months. Hence the higher transparencies in the 

Inner Harbour at such times (January and February), are 

due not to any single factor but to a combination of 

low run-off and low wave action. Nevertheless, it is 

doubtful whether wave action can account for any of 

the spatial differences at the 5 stations throughout the 

harbour since all the stations are subject to more or 

less similar wave action. 
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Yet another factor influencing transparency is 

plankton production and much of the generally low 
transparency in Kingston Harbour is undoubtedly due to 

the huge populations of planktonic organisms which 
thrive in the water. However, in the absence of any 

experimental evidence, it is impossible to say quanti­

tatively how great the effect is. Nevertheless, it has 

been noted in Kingston Harbour that during periods of 
plankton blooms and red tides. transparencies may be 

reduced by as much as 50%. 

Most of the above diecussion pertains to 

transparency at the S monitoring stations. However, 

there are a number of places around the periphery of the 

harbour where transparency is affected by local factors 

such as waste discharges, ship traffic and dredging 
operations . Most of these are in the Newport East -

Newpor t West areas where industrial activity is con­

centrated. In many of these places transparency may 

fall below 2 metres. 
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6. DISSOLVED OXYGEN 

Dissolved oxygen concentrations are quite 

varied throughout Kingston Harbour. Thus conditions 

may range from seve~oxygen depletion to either saturation 

or supersaturation depending on the location, season, 

and time of day. Data obtained at the 5 monitoring 

stations and produced in Table 7, show the range of D.o. 

concentrations occurring within the harbour and form 

the basis for a discussion of the factors affecting 

them. 

Average monthly values for each station 

obtained by incorporating all the readings from 5 

metre depth intervals suggest that on the whole D.O. 

levels are high (Table 7). For example, the lowest 

annual ave~age obtained was 4.10 mg/l ( 66.l % 

saturation) at station 7 while the highest annual 

average was 5.69 mg/1 ( 91.7 % saturation) at Hunts 

Bay. Stations 4, 5 and 7 appear to be grouped around 

similar values, but with a gradual decrease going up 

the harbour, while stations land 3 are almost identical. 

Highest values occur in March - May, while the lowest 

values are in September - November . However, these 

average values are very inadequate for they do not 

reveal the differences that exist between surface and 

bottom. Hence, in order to appreciate the true con­

ditions at each station, surface and bottom values 

must be considered separately. 

Taking surface values first (Fig. 10.1 -

10.5), we see that at all stations throughout the year 

D.O. levels are very high and may even reach super­

saturation. Only at one station on one o c casion was 

a surface oxygen concentration of less than 65% 

saturation ( 4 mg/1) recorded (Fig. 10.5). Hence, 
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aa far as the surface waters are concerned, there 

good oxygenation at all stations throughout the yea 

The same is not true for bottom waters. In 

the first place, D.0. concentrations are nearly 

always lower at the bottom than at the surface, and on 

a number of occasions, especially at st~tions 5 and 7, 

they have reached zero. secondly, there are pronounce< 

seasonal fluctuations in D,0. concentration at the 

bottom. And thirdly, whereas surface values are more 

or less similar at all stations (except Hunts Bay) 

bottom values are strikingly different and follow 

a definite pattern. We shall examine each of these 

aspects separately. 

At station l near the mouth of the harbour, 

D.0. levels at the bottom are on an average 0.92 mg/1 

less than at the surface while at station 3 in Hunts 

Bay, the average difference between the surface and 

bottom is 4.02 mg/1. Stations 4, 5 and 7 in the 

Inner Harbour show average differences of 1.53, 2,56 

and 2.92 mg/1 respectively. However, except for 

station 1 where the difference at any one time is 

never greater than 2.5 mg/1, all the other stations 

may have differences between surface and bottom of 

more than 6 mg/1, Hence, at all stations except 1, 

it is possible on occasions to have anoxia at the 

bottom while h aving oxygen saturation or even super­

saturation at the surface (See Figs . 10.5 and 12). 

For this reason the surface and bottom cannot be 

considered together when evaluating water quality in 

terms of dissolved oxygen concentrations. Nati
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Table 7: Surface, botta<n and average D.O. concentrations in mg/1 for the 
5 monitoring stations for the periods May - i;<ovember, 1973, and 
December 1974 to April 1975 

Stn. l Stn. 3 Stn. 4 Stn. 5 I Stn. 7 

Date Surf. Bot. A:!!!J:. Surf. Bot. Al!£!. Surf. Bot. Ayg. Surf. Bot. Ayg. Surf. !lot. Ayg. 

10.5.73 5 . 86 4.03 5.46
1 

6.76 6 .60 6.68l 5.86 4.28 4.99 6 . 02 5 . 57• 5 . 64
1 

4.99 4.91 4 . 86 

8 . 6.73 5.86 5.31 5.70 6.12 4.19 5.15 5.15 4 . 36 4. 79 5.78 4.36 5.15 5.00 3.64 4.08 

12.7.73 5.28 4.97 5.14 4.86 3.98 4.42 5.52 5.36 5.46 5 . 75 5 . 75 5.80 5.90 5.75 5 . 87 

10.8.73 6.02 5.31 5.82 5.39 3.72 4.55 5.33 4.12 4. 73 7.23 6 . 45 6.85 5.98 5.52 5.81 

7.9.73 6.91 4.44 5.47 10.83 2.54 6.68 6 . 52 2.06 3.95 6.26 2.06 4 . 99 6.42 1.35 4.05 

4.10.73 4.89 5.09 5.12 8.40 1.27 4.83 5.10 4.69 4.99 4 . 05 0 . 08 2.06 2.86 0 . 00 1.16 
I 

16.11. 73 5.69 3.66 4.62 9.04 0.48 4.76 5.41 3.34 3.06 6 . 79 2 .07 2 . 27 6.59 o.oo 1 .62 " N 

2.12.74 7.15 4.52 5.47 10.89 1.35 6 . 12 8.29 4.43 5.16 6 . 24 3 . 23 3 .07 7.43 2 . 05 2 . 30 
I 

16.l. 75 6.54 6.09 6.18, 8.42 4.79 6.60 6. 73 4.99 5.86 6 . 73 4 . 12 5 . 68 6.48 4.01 5.18 

8.2 . 75 5.86 5.94 6.08 6 . 41 4 . 08 5 . 24 5.09 4 . 93 5.03 5 . 88 3 . 89 5 . 24 6.52 1.67 4 . 02 

4.3.75 6.32 6.43 6.37 8.72 6 . 00 7 .36 6,00 4 . 70 5.39 6.56 2 . 53 4 . 68 7.59 3 . 48 5.40 

10 . 4. 75 6.26 5.78 6.06 6 . 62 5.26 5.94 5.55 4.83 5 . 15 5. 71 3.25 4.99 5.63 3.96 4 . 86 

AVG. 6.05 5 . 13 5.62 7 . 70 3.68 5 . 69 5.87 4 . 34 4.88 6.16 3 . 60 4 . 701 5 . 94 3 . 02 4.10 

% SATN. 97.58 82. 74 90.64 i.D.00 59.35 91 . 77 94.67 70 . 00 78. 70 9.}.35 58.06 75 . 80 95.80 48.70 66.12 

MAX. 6 . 91 6.43 !.::";89 6.60 8.29 5.36 7.23 6 . 45 7 . 57 5.75 

MIN. 4 . 89 3 . 66 4 . 86 0.48 5.09 2.06 4.05 0 . 08 2 . 86 o.oo 
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All bottom values for oxygen at the monitoring 

stations show a seasonal fluctuation, but this is most 

pronounced in Hunts Bay and the Inner Harbour (Fig . 10.2 -

10.5). Generally, the highest oxygen concentrations 

at the bottom occur during the dry, windy months of 

March, April and May while the lowest concentrations 

are in the rainy months of September, October and 

November. The range between the bottom maximum and 

minimum for each station is 2.77 mg/1 at station l, 

6.12 mg/1 at station 3, 3.30 mg/1 at station 4, 6.37 mg/1 

at station 5 and 5.75 mg/1 at station 7. 

When the bottom values over a year for each 

station are averaged out, the results show a definite 

spatial gradient in oxygen concentrations. Hence, 

station lat the mouth of the harbour is shown to have 

the best bottom oxygen conditions, but as one moves 

into the Inner Harbour and Hunts Bay, there is a steady 

decline as follows:-

Station l (Outer Harbour) 5.13 mg/1 

Station 4 (Inner Harbour) 4.34 mg/1 

Station 3 (Hunts Ba~•) 3.68 mg/1 

Station 5 (Inner Harbour) 3.60 mg/1 

Station 7 (Inner Harbour) 3.02 mg/1 

This pattern is exactly the same as that 

described by Wade il al (1972) using 1971 values. 

However, in the present case, the D.O. concentrations 

are considerably lower in the Outer Harbour, Hunts 

Bay and the Inner Harbour (Station 4) as shown by the 

following percent saturation levels: 
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.!21.! ill1::ll 
Station 1 (Outer Harbour) 90 . 3% 82.7% 

Station 3 (Hunta Bay) 75.8% 59 . )% 

Station 4 (Inner Harbour) 72.6% 70.0% 

Station 5 (Inner Harbour) 56.5% 58.1% 

Station 7 (Inner Harbour) 48.4% 48 . 7% 

In order to understand more clearly the 

horizontal and seasonal variations in oxygen levela 

throughout the harbour, it is necessary to examine 

the diatribution of oxygen in the water colwnn and 

to consider ,some of the factors affecting it. 

The ideal oxygen profile is one in which there 

is saturation at all levels. This occurs fairly 

frequently at station 1, but only rarely at the other 

stations and only on those occasions when wave action 

is strong enough as to cause complete vertical mixing. 

Because of the shallow depth at Hunts Bay, the occurrence 

of complete mixing tends to be more frequent than at 

the other stations. However, this has largely been 

offset in recent Y,ears by the construction of the solid 

fill causeway which has served to reduce wave fetch and 

tbua limit wave action. At the deeper parts of the 

Inner Harbour (Stations 5 and 7) complete vertical 

mixing is only accomplished when winds in excess of 

15 knots blow throughout the day and during storms 

and hurricanes. Since the former condition is most 

frequent during the windy months of March to August, 

it is at these times that saturation to all depths 

most commonly occurs. Nevertheless the frequency is 

low, and in the tour years that this pararoeter has 

been monitored, complete eaturation has been recorded on 
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only a few occasions at s t a tions 5 and 7. The profile 
obtained on one such occasion at statio n 7 is shown in 
Figure 11. 

More commonly when t here are gentle , moderate 
or unsust ained strong winds, the surface water may be 
saturated but there is a sharp decline in oxygen 
concentration below the 10 metre level (Fig . 1 1 ) . The 
bottom water is then usually about 3 . 0 - 4 , 5 mg/1. 
However, under calm conditions with little or no mixing, 
the bottom oxygen is rapidly utilised and oxygen 
concentration at the bottom may then fall to zero or 
near zero although the surface remains saturated (Fig. 
11). Intermediate depths also lose their oxygen and 
may reach near zero if the calm cont inues long enough. 
llence, at such times , the demand for o xygen below the 
surface exceeds the supply and the wat er column tends 
towards anox.1.a. 

'l'he deep stations of the Inner Harbour require 
stronger and mote sustained wi nds in order to accomplish 
complete vertical mixing and saturation . Hence, the 
frequency of these occurring is lower at the deep stations , 
and their bottom waters thus go for longer peri ods with­
out replenishment. This is one of the reasons why 
D.O. concentration at the bottom falls off as one 
moves from station 4 into the deeper waters of stations 
5 and 7 . It is also one of the reasons why the highest 
oxygen concentrations occur at the bot tom during the 
windy mont hs. 

In addition to wind , a second factor i nfluen­
cing oxygen concentration is plankton. Phytopl ankton 
g1ve off oxygen in the process of photosynthesis and, 

Nati
on

al 
Lib

rar
y o

f J
am

aic
a



: J' .l' 
.,:~ Depth 

(m) 10 

15 

I 
I 

' I 
I 

201+-..--,--,---,,----,,---.----.--..--,---, 

0 3 4 5 6 

D.O.mg,/i 
8 9 10 

ri9ure 12 

Di•aolv•d o~n prohl•• at at.at.ion 7 

in the t~r Harbour du.rina • pl•nkton 

blocim: (e) ea,rly lllooa; (b) hte bloc.. Nati
on

al 
Lib

rar
y o

f J
am

aic
a



-46-

together with zooplankton , take up oxygen in r e spiration. 
The effect on oxygen concentrations i n Kingston Ha rbour 
is most pronounced when there are plankton blooms or 
red tides. At these times, the surface waters become 
supersaturated with oxygen during d aylight hour s 
because of very high photosynthetic a ctivit y, while 
the bottom wa ters become severely depleted due t o 
respiration of non-photosynthesising cells and decom­
position of dead plankton. Since photosynthesis is 
largely rest ricted to the top 5 - 10 metres because of 
light absorption , the oxygen profile ehows a very 
sudden break somewhere around theee depths and tends to 
suggest the stratification of two distinct bodies of 
water (Fig. 12). llowever, this is not so and may be 
demonstrated under different light conditions when the 
supersaturated l ayer either rises or falls ae t he 
phytoplunkton compensate to the changing ligl,t intensity . 

The oxygen conditions descr ibed above exist 
throughout most of the duration of t he plankton bloom. 
t:owevor, as the bloom declines and dead cells out­
n~~ber living cells, respiration and decomposition 
exceed photosynthesis so that the entire water column 
Lecomes oxygen depleted (Fig. 12) . Thie continues 
for a time until decomposition of the dead plankt on 
declines and normal photosynthetic activity is restored 
in the surface layPrs. Surface oxygen then increases 
again anc eventually, the entire water column recovers 
its nor~al oxygen lPvels. 

The overall effect of plankton blooms on 
oxygen concentrations in Kingston Harbour depends on 
their location, freouency, duration and intensity . In 
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recent years, these blooms have been occurring with 
increasing frequency and over wider areas of the harbour. 
A few generalisations may be made about them here 
although the report of E.s. Grahame should be consulted 
for further detail , 

Bloome occur most frequently in Hunts Bay 
and the Inner Harbour during the rainy months of 
September, Octobor and November, and sometimes June. 
Steven (1966) studied one such bloom which occurred 
in October, 1962, and found that it was associated with 
increased nutrients and lowered salinity. However, 
he was unable to determine a direct cause and effect . 
Nevertheless, almost all the blooms which have been 
inonitored in Kingston Harbour since then have occurred 
under similar conditions thus suggesting that run-off 
is an important factor. 

Several species of dinoflagellates (Exuviella 
sp . , Gymnodinium Bplendens, Peridinium ap .. Gonyaulax 
sp., ceratium furca),diatoms and ciliates are respon­
sible for plankton blooms in Kingston Harbour, and the 
nature of the blooms usually depends on which species 
are involved. Mo~t commonly# however, a single bloom 
lasts from one to two weeks and may cover an area of 
one half to several square miles. Frequently, the 
entire Hunts Bay experiences a single bloom at a time 
but only occasionally does a bloom extend over more 
than two stations within the lnner Harbour. Generally 
stations 5 and 7 share a single bloom while station 
4 tends to be separate and to have bloom" which are more 
associated with Hunts Bay. Station l in the Outer 
Harbour also has separate blooms . 
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All the Inner Harbour stations and Hunts Bay 

experience several plankton blooms in a year and, in 

1973, more than six blooms were recorded at each. 

However, the occurrence of blooms in the Outer Harbour 

is less frequent and only two were recorded in 1973. 

Although the most pronounced effects of wind 

and plankton are seasonal, diurnal effects are also 

important and follow a regular pattern. Thus during 

the afternoons when the sea breezes are strongest and 

oxygen production by photosynthesis is greatest, 

oxygen levels throughout t he water column are at their 

maximum. However, as night falls, the winds die down 

and photosynthesis ceases, with the result that 

oxygen concentrations decline . This continues steadily 

throughout the night until at first light next day. 

photosynthesis recommences and the 0.0. concentration 

begins to rise again. This is aided by the freshening 

sea breeze throughout the morning, so that by early 

afternoon, the maximum o.o. level is once more reached 

( Fig , 13) . The largest diurnal variations occur at 

mid depth and at those times of the year when wind 

fluctuation throughout the day is greatest and there 

are plankton blooms. At such times, the variation 

may exceed 3.5 mg/1 as shown in Figure 13. 

A third factor affecting oxygen concentration 

in Kingston Harbour is water circulation. At station 

1 near the mouth of the harbour, there is sometimes 

a complete exchange of harbour and open-sea waters 

at spring tide. At such times. oxygen concentrations 

usually rise as the harbour water is replaced by the 

c l P.aner ano more oxygenated open-sea water. 
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The same also happens but much less frequently, at 

station 4. However, the effect here is a great deal 

more pronounced since the difference in quality between 

the two waters is much greater at this station. No 

comparable effect takes place in Hunts Bay. 

Under the combined influences of strong flood 

tides and opposing wind driven surface currents, open­

sea water may penetrate into the eastern end of the 

Inner Harbour as a bottom counter current, Goodbody 

(1968, 1970) discussed the basis for such a current 

but was unable due to lack of data to demonstrate it. 

However, oxygen profile measurements obtained in this 

study along a transect from station l to station 7 and 

illustrated in Figure 13 provide good evidence for such 

a current. One of its effects is to carry a tongue of 

oxygenated water well into the Inner Harbour along the 

bottom so that on occasions, the oxygen minimum layer 

may be at mid depth with an increasing concentration 

towards the bottom (See Fig. 14). However, this kind 

of vertical distribution is uncommon, and it therefore 

does not appear that the bottom current effect is too 

important in influencing overall oxygen distribution. 

A fourth factor affecting oxygen concentration 

is freshwater run-off, although the effect is largely 

confined to Hunts Bay. Here, during the rainy months, 

the considerably diluted surface water has a much 

greater capacity for dissolving oxygen than the more 

saline harbour water. Thus, diffusion of oxygen from 

the atmosphere is greater than normal and the D.O. 

level may exceed 10 mg/lat the surface. This is at 

least partly responsible for Hunts Bay having higher 
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D. O. concentrations at the surface than the rest or 

the harbour and for the wide range in concentrations 

which exist here between surface and bottom (Fig. 10). 

The net result of all factors on dissolved 

oxygen concentrations in Kingston Harbour is demon­

strated by the average profiles for each station 

(Fig. 15) and the average distribution chart for the 

Outer Harbour to Inner Harbour trans~ct(Fig. 16) . 

From these, the following conclusions may be made:-

(i) Each major section of the harbour has its 

own characteristic oxygen profile. only 

the Outer Harbour has good oxygenation at 

all depths, while in both Hunts Bay and the 

Inner Harbour, there is oxygen saturation 

at the surface and oxygen deficiency at the 

bottom. This condition is typical of a 

eutrophic water body as discussed by 

Grahame (1974): 

(ii) Surface waters in Hunts Bay have higher 

than average o.o. concentrations: 

(iii) D. O. concentrations at all depths below the 

surface decline as one moves from the 

Outer Harbour into Hunts Bay and the Inner 

Harbour. However, this decline is greatest 

between stations land 4 and stations 5 and 7; 

(iv) Bottom D.O. conditions in the Inner Harbour 

deteriorate with depth. The worst conditions 

are in the extreme eastern end of the harbour 

where the depth is an average 18 - 19 metres. 
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Data obtained by occasional sampling in peri­

pheral parts of the harbour indicate that, in a number of 

places, oxygen conditions are worse than at the Inner 

Harbour and Hunts Bay stations. For example, D.O. 

levels in Dawkins Pond are generally similar at compar­

able depths to those in Hunts Bay. However, since some 

parts of this pond have been dredged to as much as 

lO metres, bottom water in these places is greatly 

depleted in oxygen. Thua in one of the recently created 

finger canals, anoxia has been recorded frequently below 

the 5 metre depth despite a D.O. concentration of 

6.l mg/lat the surface. 

A second area of very poor oxygen conditions 

is in the Newport West shipping basin. Sewage effluent 

from the primary treatment plant at Greenwich is dis­

charged here and, in recent years, has been increasing. 

Furthermore, dredging has recently been taking place 

in the area and plankton blooms have become almost 

continuous. As a result, even though there may be 
supersaturation at the surface, there is normally 

severe oxygen depletion below the surface as demonstrated 

by the following values: 

Surface 

5 m 

lO m 

8.00 mg/l 

l.67 mg/l 

o.oo mg/1 

Smaller areas of poor oxygen conditions exist 

near the mouths of gully streams and waste outfalls. 

One such place in particular is the small bay between 

Newport East and the old Kingston Wharves into which 

all the liquid wastes from the city abattoi r are 
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discharged. o.o. level here is only slightly more 

than 50% saturation at the surface while the bottom is 

usually anoxic as the figures indicate: 

surface 

S m 

3.18 mg/1 

o.oo mg/1 

The Port Royal mangrove area has variable 

and interesting oxygen conditions. In most parts, 

surface oxygenation is high and exceeds s.o mg/1. 

However, depending on the tidal circulation, bottom 

levels may fluctuate from saturation to near anoxia 

between the flood and ebb tides in response to 

replenishment by incoming currents and rapid uptake by 

benthic deposits. However, where circulation is poor, 

oxygen levels may be permanently depressed. 

The best oxygen conditions in Kingston 

Harbour occur in shallow water above turtle grass beds. 

In these places supersaturation from surface to bottom 

is not uncommon. 
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7. BIOCHEMICAL OXYGEN DEMI\ND 
The Biochemical Oxygen Demand (B. O.D.} of 

surface and bottom water at the 5 monitoring stations 
in Kingston Harbour was measured routinely from 
February to October, 1973, and occasionally at other times. 
The data for the 9 months are given in Table 8 and are 
illustrated in Figure 17. 

The data show that the highest B.O.D.'s occurred 
in Hunts Bay where the combined monthly average for 
surface and bottom was 7.25 mg/1 over the 9 month period. 
The next highest was at station 4 in the Inner Harbour 
(5.05 mg/1) followed by stations 5 (4.58 mg/1) and 
7 (4.05 mg/1) in the Inner Harbour, and then station l 
(3.51 mg/1) in the Outer Harbour. This order was 
remarkably consistent throughout the entire sampling 
period and it indicates strongly that the major sources 
of B.O,D. input into the harbour are in Hunts Bay and 
in the vicinity of station 4. This is not surprising since 
these two areas are the major receivers of run-off 
and waste effluents in Kingston Harbour. 

Typically at all stations, the surface water 
had a higher B.O.D. than the bottom water (Figs. 17 & 18), 
but this was least pronounced at stations 5 and 7 in 
the Inner Harbour. However, there were a nwnber of 
occasions at nearly all stations ( station l being the 
exception), when the bottom water had a slightly higher 
B.O.D. The difference between surface and bottom B.O.D. 
at all stations waa greatest following rains and this 
suggests that the high surface B.O.D. at the se times 
was due to the freshwater run-off. However, this is 
only partly true as will be shown below. 
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Date 

8.2.73 

8.3.73 

12.4.73 

10.5.73 

7.6.73 

12.7.73 

16.8.73 

7.9.73 

25.10.73 

AVG. 

MAX. 

MIN. 

Table 8: Surface, bcttom and average B.O.D. values in mg/1 for t ~-"' 
5 monitoring stations for the period February - Octobe~ 1973. 

Stn. l Stn. 3 Stn. 4 Stn. 5 ~tn. 7 

surf. Bot. Avg. Surf. Bot. Avg. Surf, Bot. Avg. Surf. Bot. Avg. Sur;: . Bot. Avg. 

2.9 2.2 2.55 7.3 5.4 6.35 4.0 2.3 2.85 5.2 4.8 5.00 2.7 s.o 3.85 

4.4 2.0 3.20 9.9 3.9 6.90 8.1 3.0 5.55 6.6 3.8 5.20 5.1 .. . o 4.55 

2.0 l.O l.90 5.0 3.2 4.10 3.4 2.9 3.15 3.1 2.8 a.95 3 . .i 3.3 3.25 

2.1 l.8 l.95 5.1 4.7 4.90 3.8 3.3 3.55 4.2 4.0 4.10 2. 2 2 .'l 2.10 

3.5 2.8 3.15 8.3 7.3 7.80 6.2 5.6 5.90 4.7 4.2 4.45 5.1 4 9 5.00 

3.6 2.3 2.95 9.5 7.9 7.70 6.6 3.4 5.00 4.0 4.7 4.35 5.8 4. \. 90 

5.3 4.7 5.00 6.1 5.8 5.95 5.2 7.1 6.15 3.4 5.0 4.20 4.5 l. ~ ~5 

4.0 3.0 3.50 13.8 14.0 13.90 6.0 5.0 5.50 3.0 4.2 3.60 4.6 2.5 3.55 . 

11.5 3.5 7.50 8.5 7.0 7.75 10.2 5.0 7.60 8.5 6.30 7.40 8.2 4.0 6.10 

4.36 2.67 3.51 7.94 6.57 7.25 5.94 4.17 5.05 4.74 4.42 4.58 4.60 3.50 4.05 

11,5 4.7 13.8 14.0 10.2 7.1 8.5 6.3 8.2 5.0 

2.0 l.8 5.0 3.2 3.4 2.3 3.1 2.8 2.2 l.8 
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The B.o.o. at all stations tended to show a 

definite seasonal pattern, both at the surface and 

bottom (Fig. 19) The lowest values were in March, 

April and May, while the highest values were in September 

and October (samples taken in other years in November 

and December showed •similar high values}. These two 

periods correspond with the dry and wet seasons 

respectively and thus further indicate the importance 

of run-off on B.O.D. values. 

During the rainy season, a nwnber of factors 

operate to increase the B.O.D. Firstly, there is an 

increase in all freshwater discharges to the harbour, 

including rivers, gully streams and waste outfalls. 

This is accompanied by an increase in sediment load as 

well as other particulates such as vegetation, refuse and 

garbage, all of which exert their own high B.o.o. 

Secondly, the level of treatment by waste treatment 

plants usually declines during this period and the B.O.D. 

of the final effluents is thus increased. Frequently, 

the treatment plants are unable to handle the shock 

loads and raw sewage may bypass the plant ~ltogether 

as happens at the Western Treatment Pla nt. Thus raw 

effluent is discharged directly to the harbour. Thirdly, 

all the run-off streams carry an increased load of 

soluble organics collected from agricultural land, 

roads, factories etc. And fourthly, there is an 

increased input of inorganic nutrients (nitrates. 

phosphates, silicates} which encourage plankton blooms 

throughout the harbour. During these blooms, the B.O.D. 

may reach as high as 31.2 mg/1 (measured at station 4 

on December 7, 1972durirg a red tide produced by 

Gymnodinium splendens) which is several times more than 

the average values, even for Hunts Bay. 

Nati
on

al 
Lib

rar
y o

f J
am

aic
a



-56-

As with most other parameters, the B.O . D. at 

station l (Outer Harbour), station 3 (Hunts Bay) and statior 

4 (Inner Harbour) are the most variable, especially at 

the surface. At all these stations, the change in B.O.D. 

after rains is immediate and dramatic while at stations 

5 and 7 in the Inner Harbour, it is delayed and less 

pronounced. Furthermore, at stations land ·4, there is 

the added factor of tidal exchange between open-sea and 

harbo~r waters which, especially during spring tides, 

may result in considerable changes in water quality at 

flood and ebbtides. Thus, station 4 in particular, 

which normally has a high B.O.D. due to run-oft, waste 

discharges and plankton blooms may, under certain tide 

conditions, become quite clean and show a low B.O.D. 

On one such occasion (27th September, 1974), extreme 

spring tides accompanied by unusually calm weather 

resulte~ in a B.o.o. change at station 4 of from 6.2 

to 2.3 mg/1 within a single tidal cycle. While the 

higher value is fairly typical of harbour water, the 

lower value is only slightly above the average value of 

2.0 mg/1 obtained for open-sea water near Lime cay. 

Certain stations around the periphery of the 

harbour showed similar or even higher surface B.O.D. 

values than in Hunts Bay and the Inner Harbour. For 

example, the B.O.D. in Dawkins Pond during fairly normal 

conditions was measured at 7.2 mg/1 while, during 

one of its frequent red tides, the B.o.o. rose to 19.8 

mg/1. Other high values obtained were at Newport West 

(5.5 - 15.5 mg/1), Tivoli (7.2 - 39.3 mg/1), and 

Newport East (7.2 - 48.0 mg/1). Both the Tivoli and 
Newport East stations are marked by discharges of high 

B.O.D. wastes including sewage, soap and detergent 

wastes, and slauqhterhouse w~A~•A 
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8. NUTRIENTS 

Inorganic nutrients in the form of nitrates 

plus nitrites (No3 + NO2 - N), phosphates (P04 - P) 

and silicates (SiO4 - Si) were monitored routinely in 

Kingston llarbour commencing in November, 1971. In 

addition, nitrites (NO2-N) and ammonia (NH4 - N) were 

also screened, but it was found that their concentrations 

were usually so low as to be below the level at which 

the methods employed could give satisfactory results. 

Hence, they were not measuz;ed routinely. 

The nutrient monitoring has been over two 

periods . The first period was from November 1971 to 

October 1972 when ll stations were occupied, sometimes 

on a fortnightly basis . Samples during this time were 

taken at 3 metre depth intervals and then mixed in 

equal proportions so as to produce one integrated sample 

for each station. Occasionally, however, a few profile 

measurements were made during this time. Then, in 

November 1972, profile measurements were commenced on a 

regular basis and samples were taken at 5 metre depth 

intervals instead of 3 metre intervals . The number of 

stations was also reduced from 11 to 5 and the frequency 

of sampling set at once a month. This second period of 

sampling (November 1972 to April 1975) was marked by 

two outstanding problems. One was the complete absence 

of sampling for 6 months (February to July, 1974) during 

which no boats were available, and the second was the 

unreliability of most o f the nitrate + nitrite data due 

to filter paper interferences and lack of proper sample 

preservation. As a result, good routine data for this 

period only exist for the phosphates and silicates. 
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In order to analyse and compare the results 
from the two sampling per iods, the data have been handled 
in a number of ways. In the first place, data fr0111 
two twelve month periods have been extracted from the 
rest for all determinations of means and ranges . These 
periods are as follows:-

(i) November 1971 to October 1972; and 
(ii) May to November, 1973 and December 1974 to 

April, 1975 . 

The second twelve month period is the same as 
that used for most other parameters in this water quality 
study. However. as mentioned above, there are no routine 
nitrate+ nitrite data for this period. Nitrate + 
nitrite data are also missing for two months in the 
first period. 

Secondly, the profile data obtained for each 
station during the second period have been combined so 
as to give one inteqrated measurem~nt per station per 
month. Otherwise, these data would not be comparable 
with those from the first period during which the samples 
from all depths were mixed. 

And thirdly, only the data obtained for the 
5 stations occupied throughout the entire study (i.e. 
stations l, 3, 4, , & 7) have been used for purposes 
of comparison. 

The data thus arranged are presented in Tables 
9, 10 and 11 and illustrated in Figure 20. 
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Nitrates+ Nitrites 

Nitrate+ nitrite concentrationb at the five 

stations during 1971 - 72 ranged from an average of 

1.47 microgram atoms per litre (µga/1) at station 1 in 

the Outer Harbour to 2 . 02 µga/1 at station 3 in Hunts 

Bay. The Inner Harbour stations showed intermediate values 

of 1 . 66 µga/1 at station 4, 1 . 99 µga/1 at station$, and 

1.59 µga/1 at station 7. The absolute highest value was 

4.75 µga/1 in Hunts Bay ar.d the lowest was 0 . 10 µga/1 

in the Outer Harbour . These average and absolute values 

indicate a fairly consistent patterr. in which Hunts Bay 

has the highest nitrate+ nitrite concentrations , the 

Outer Harbour has the lowest, and the Inner Harbout· is 

intermediate . However, the range of concentrations is 

quite small and there is only a 37% difference between 

Hunts Bay and the Outer Harbour, unlike t he other nutrients 

discussed below. 

All stations showed a peak in concentration 

during the rainy season . However, except in llunts Bay , 

this peak was not as distinct as might be expected , ar.d 

may be due to the fact that the rainy periods in 

1971 - 72 were not as pronounced as usual. Further 

indication of this will be seen during discussion of 

the other nutrients where it becomes clear that the rains 

in the 1973 - 75 period had a far more pronounced effect 

than in the 1971 - 72 period. 

It is of interest to note that station 5 in 

the Inner Harbour showed almo5t as high a nitrate+ 

nitrite concentration as Hunts Bay although it is quite 

removed from Hunts Bay ant! separated from it by station 4 

which did not show a similar high concentration. This 

woulci suggest that nitrate+ nitrite concentration at 

station 5 w:s at least partly influenced by factors 

other than run- off in Hunts Bay. 

Nati
on

al 
Lib

rar
y o

f J
am

aic
a



Table 9 : The Nitrate+ Nitrite - N values in microgram atoms per litre 
(µga/1) for integrated samples from the 5 monitoring stations for the period November 1971 to October 1972. 

Date Station l Station 3 Station 4 Station 5 Station 7 

11: . 11.71 3 .75 4 .75 3 . 00 2.90 3 . 00 

3.12 . 71 0 . 32 0 . 97 0 . 8 7 .0 . 90 0 . 92 

27 . 1 . 72 - - - - -
2.:. .2. 72 - - - - -
2-".3 .72 2 . 22 2 . 5C 1.85 2 . 70 C. 60 

2C . <' .72 1.50 1.80 1.95 1.15 1.55 

lU . ~ .72 0 . 10 0 . 15 1.42 1.40 0 .25 

29 . 6 . 72 1.29 2.75 1.30 2.09 1. 7 5 

13 . 7 . 72 C . 92 0 . 40 0 . 90 2.07 l.90 

2 •'-' • 72 1.54 2 . 87 1 . 90 2.50 2 .24 

2<. . 9 .-2 2 . 00 2 . 60 2 . 30 l.60 2 .15 

2"' . !.., . 72 0 . 55 1.40 1.10 2 . 57 1.50 

;·,.,-G . 1.47 2 . 02 1.66 

I 
1.99 1.59 .. . :-: . I 3. 75 ~ .75 3 .00 2 . 90 3 . 00 

• 6 4 o 0 . 10 0 . 15 0 . 87 0 . 90 0 .25 

I 
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Phosphates 

The phosphate concentrations in 1971 - 72 

and 1973 - 75 showed a similar distribution pattern 

as the nitrates + nitrites. That is, Hunts Bay 

was highest (1.49 and 22.40 µga/1), the Outer Harbour was 

lowest (0.31 and 0.42 µga/1) and the Inner Harbour 

stations were intermediate (.54 and ,68 pga/1 for 

station 5) (See Table 14). However, the range in values 

was a great deal more than for the nitrates+ nitrites 

and, in 1971 - 72, the difference between the outer 

Harbour and Hunts Bay was nearly 400%. In 1973 - 75, 

the difference was very much greater. 

Generally, the highest values were recorded 

during the rainy months of September, October and 

November while the lowest values were in the dry months 

of January, February and July. However, this seaonality 

was much more pronounced during the 1973 - 75 sampling 

period than during the 1971 - 72 period, and was most 

marked in Hunts Bay and at station 7 in the Inner 

Harbour (See Figs. 20.2 and 5). 

All stations showed a significant increase in 

phosphate concentrations in 1973 - 75 over 1971 - 72. 

For example, the twelve month average for Hunts Bay 

rose from 1.49 pga/1 to 4.63 pga/1. Ho,-ever, this 

great difference was due largely to one extremely 

high value of 40.25 pga/1 obtained soon after an 

exceptionally heavy rainstorm. If we ignore this 

particular value, the eleven month average is reduced 

to 1.39 µga/1 which, however, is still 24% more than 

the 1971 - 72 average if the equivalent maximum value 
is ignored. 
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Table 10 (a): The Phosphate - P values in microgram atoms per litre 
(~ga/1) for integrated samples frcm the 5 monitoring 
stations for the period November 1971 - October 1972 . 

Date Stat ion 1 Station 3 Station 4 Station 5 Station 

18 . 11.71 0.70 5.50 0.90 0.70 1.00 

3.12.71 0.55 3.25 o. 77 0.80 1.10 

27.1.72 0.67 1.67 0 . 70 0 . 65 0.60 

24.2.72 0 . 50 0.65 0 . 55 0 . 69 0 . 90 

24.3.72 0 . 60 0 . 98 0.66 0.88 0.89 

20.4. 72 0.42 0.35 0.40 0.60 1.06 

18 .5.72 0 . 19 0 .90 0 .40 0 .20 0 . 31 

29.6 . 72 0.21 l.27 0.60 0.49 0.72 

13. 7 . 72 0.02 0 . 33 0 .14 0 .06 0.34 

24.8.72 0 . 15 0.60 0.38 0 . 51 0 . 80 

28.9.72 0 . 30 1.22 0 . 80 0.75 0 . 55 

20 . 10. 72 0 . 07 1.15 0.16 0 . 20 0 . 50 

AVG . 0 . 31 1.49 0 . 54 0.54 o. 73 
~=- 0 . 70 5 . 50 0.90 0.88 l.10 
M.IN. 0 . 02 0 . 35 0 . 16 0 . 06 0 . 31 

7 
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Table 10 (b): The Phosphate-P values in microgram atoms per litre (pga/1) 
for integrated samples from the 5 monitoring stations for 
the periods May to November 1973 and December 1974 to 
April 1975. 

Date Station l Station 3 S tation 4 Station 5 Station 

10.5.73 0.55 0 .40 0. 69 1.02 1.45 

8 .6.73 0.30 0.69 0.43 0.41 0.83 

12.7.73 0.72 1.13 0.55 o,75 0.80 

10.8.73 0 .43 1.28 0. 8 2 0.79 0.73 

7.9.73 0.63 1. 92 0.74 0.62 0.73 

4.10.73 0.49 2. 68 0.77 1.24 1.30 

16.11.73 0.57 2.17 0.62 0.89 1.98 

2.12.74 0.44 40.25 1.30 0.62 a. es 
16.l. 75 0.23 1. 86 0.40 0.25 0.38 

8.2.75 0.18 0.38 0.44 0.48 1.28 

4.3.75 0.18 0.96 0.60 0.62 l. 30 

10 .4. 75 0.32 1. 84 1.54. 0.46 o.95 

AVG. 0.42 4.63 0.74 0.68 1.05 
MAX. 0.72 40.25 1.54 1.24 1.98 
MIN. 0.18 0.38 0.40 0.25 0.38 

7 
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Station 7 showed the next highest increase in 

1973 - 75 over 1971 - 72 with a rise from 0.73 µga/l 

to 1.05 pga/1. However, this increase cannot be 

attributed to a single value or set of values since 

most measurements over the twelve month period were in 

excess of the 1971 - 72 levels (See Fig. 20.5). The same 

is true for all the other stations although the increases 

were smaller. Even station l in the Outer Harbour which 

has the lowest concentration and shows the least effect 

from rains had an increase of 35% over the two periods 

from 0.31 to 0.42 µga/1. These data therefore indicate 

strongly that there was a general increase in phosphate 

concentrations over the two sampling periods which 

cannot be attributed entirely to seasonal rains. 

Silicates 

'fhe distribution of silicates in Kingston Harbour 

is very similar to those of other nutrients. During 

both sampling periods, Hunts Bay consistently had the 

highest concentrations of silicates (Avg. 22.74 and 

34.00 pga/1) while the outer Harbour had the lowest 

(Avg. 3.69 and 6.17 pga/1). Station 7 in the Inner 

Harbour was the second highest both times with average 

values of 6.64 and 11.02 µga/1, while stations 4 and 5 

were somewhat lower (See Table 11). This spread of values 

is very similar to that of the phosphate concentration 

with Hunts Bay the highest , showing a difference over the 

OutP.r Harbour, the low<>st,0f more than 400 1. (Fi<J.20.1-?0.5). 

The seasonal distribution of silicates is more 

pronounced than that of any other nutrient and reflects 

the rainfall pattern most strongly (Fig. 20). Highest 

concentrations were in October, November and December 

while the lowest concentrations were in January, February 

and July . A minor peak occurred in Hunts Bay in May and 

,..Tune, 1972, following brief seasonal rainr-; . Jiunt.£ 
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Bay «nd the rnnc.>r Harbour showed the pattern most clearly, 
whilP the Outer Barbour less so. 

As with phosphates, the 1973 - 75 silicate data 
showed an increase in concentrations over 1971 - 72 

trables lla and b). The greatest increases were at 
stations 4 and 1 which were directly affected by surface 
run-off following rains. Jlowever, none of these stations 
showed as high silicate concentrations as station 7 in 
the Inner Harbour, which is surprising since this station 
is the furthest removed from the major sources of run-off. 
Indeed, next to Hunts Day, station 7 had the highest 
phosphate concentrations as well, while the adjacent 
station 5 had the highest nitrate + nitrite concentrations. 
This all seems to suggest that these two stations must 
have one or more sources of nutrients other than or 
in addition to stormwater run-off via Bunts Bay. If this 
is so, we need to examine what these sources might be 
and one way of doing so is to look at the vertical 
distribution pattern in the water column. 

Monthly profile measurements of phosphates and 
silicates exist for all stations for the 1973 - 75 
sampling period while there are occasional measurements 
for the 1971 - 7? period. •rhey help to provide at a 
glance some indication of the factors contributinq to 
nutrient enrictur.ent. Fo1 convenience. we shall consider 
only r.urface and bottom concentrations first (see Tables 
12 an,, 13 and Pig. 21). 

These data show that at Hunts Bay phosphate 
and silicate concentrations were always higher at the 
surface than at the bottom and, in fact, the level~ 
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Table 11 (a) : The Silicate - Si val~es in r.ucrogrd.~ atoos 
per litre (µga/1) for integr ated samples from 
the 5 monit oring stations for the period 
l,ovember 1971 to October 1972 . 

::>ate !..tation l Station 3 Station 4 Station 5 Stati on 

ltl . 11. 71 2.00 55.00 5.00 4 . 00 11.00 

3 . 12 . 71 7.50 42.75 8 . 25 9 . 75 12 . 25 

27 . 1. 72 4.50 19.80 5.00 3 . 00 3 . 00 

24 . 2.72 4.10 5 .50 3 . 00 4.35 5.70 

24.3.72 l:>.75 18.00 6 . 25 10 . 00 9.25 

20 . 4 . 72 4 . 00 2 . 50 2 . 90 6 . 10 10. 95 

16 . 5 . 72 2.00 22.00 2 . 20 0 . 00 0 . 20 

23 . 6 . 72 2 . 65 16. 70 5 . 90 3 . EO 5 . 95 

13 . 7 . 72 1.00 7 . 70 0.00 0.60 4 . 00 

24 . 8 . 72 l.00 19 . 75 4 . 80 7 . 20 8 . 25 

26 . 9 . 72 2.9C 20 . 75 6 . 10 4.CO 3 . 85 

20 . 10 . 72 1.90 42.50 5 . 50 6 . 00 5 . 35 

AVG . 3 . 69 22 . 74 4 . 74 4.91 6 . 64 

~.J\X~ !0 . 75 55 . 00 6 . 25 10 . 00 12 . 25 

MIN . :!. . GO 2 . 50 0 . 00 0 . 00 0 . 20 
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Table 11 (b): The Silicate - Si values in microgram atoms 
per litre (µga/1) for integrated samples from 
the 5 monitoring stations for the periods May 
to November, 1973 an~ December 1974 to April 1975. 

Date Station l Station 3 Station 4 Station 5 Station 7 

10.5.73 6.25 2.70 4.62 7.32 10.32 

6.6.73 2.57 6.65 3.00 7.07 11. 74 

12.7.73 8.50 8.85 6.52 7.30 6.96 

10.8.73 7.27 26.10 12.42 9.05 8.10 

7.9.73 9.62 39.20 9. 77 7.12 12.00 

4.10.73 9.92 58.00 12.62 15.72 15.96 

16.11.73 11.15 85.70 14.22 16.52 26.06 

2.12.74 6.22 117.55 30.87 6.95 10.22 

16.1.75 3.70 35.65 3.80 0.67 2.24 

8.2.75 4.35 5.95 5.00 5.00 10.76 

4.3.75 3.92 11.15 5.90 7.57 10.32 

10.4.75 2.67 10.60 8.07 2.97 7.66 

AVG. 6.17 34.00 9.73 7. 77 11.02 

MAX. 11.15 117.55 30.87 16.52 26.06 

MIN. 2.57 2.70 3.00 0.67 2.24 
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.e 12 : The surface and bottoo values for Phosphate - P concentrations 
in microgram a t oms per litre (pga/1) a t the 5 monitoring stations 
fo,: tt>.e periods May to November 1973, and December 1974 t o 
April 1975. 

(1) (3) (4) (5) (7) 
Date Sur. Bot . Sur . Bot. Str . Bot. Sur. Bot. sur . Bot. 

i 
1 0 .5 . 73 C. . 4 0 C.79 0 . 40 0 . 41 0 . 62 o.ss 0 . 79 1.32 1.33 1.45 

8.6 . 73 0 . 26 0 . 40 0 . 96 0 . 43 0 .17 0 . 91 0 .44 0 . 39 0 . 60 1.05 

12 . 7 . 73 0 . 69 0 . 60 1.25 1.02 0 .50 0 .60 0 . 70 0 .78 0 . 80 o. 78 

10 . 8 . 73 0 .36 0 .70 1.52 1.0 5 0 . 80 0 . 93 0 . 80 0.67 0 .69 0 . 72 

7 . 9 . ,3 0.43 0.85 3 .25 0 . 60 0 .30 1.40 0 . 46 0 . 65 0 . 40 1. 75 

ll.73 0 .60 0 .60 4.20 1.17 1.15 0 . 70 0 .60 2.95 0 .61 3 . 25 
I 

11 .73 0 . 57 0 .73 3.45 0 . 90 0 . 60 0 . 95 0 . 50 1.10 0 . 50 4 . 50 "' a, 
I 

2.12.74 0 .60 0 .51 70 .00 1.05 3.18 0.80 o.sc 1.10 0.60 1.61 

16.1.75 0 .29 0 .29 2 . 8 5 0 .87 0 .39 0 . 60 0.20 0 .31 0 .35 0 .49 

8 .2.75 0 .19 0 .23 0 .32 0 .44 0 . 51 0 .40 0 . 41 0 . 80 0. 19 2 .52 

4 . 3 .75 0 .20 0 . 18 1.37 0.55 0 . 40 1.20 0.40 a .so 0 .40 0 .78 

10.4 . 75 0 .40 0 .42 2.09 1.60 1.60 1.30 0 . 40 0.44 0.48 2.13 

HVG. 0 .41 0.54 7.63 0 .84 0.82 0 . 89 0 . 51 0 . 96 0.58 1.75 

MAX. 0 .69 0 . 85 70 .00 1.17 3 . 18 1.40 0 . 80 2.95 1.33 4 . 50 

M.IN. 0 .19 0 .18 0 .32 0 .41 0 .17 0 .40 0 .20 0 . 31 0 .35 0 .49 
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Monthly nutrient concentration• at the S aoni torin9 · --• 1971•72 
station• during the two auipling period&: (a) 1971 - 72; •-- ·-• 1973-75 
(b) 1973 - 75. Note that the or~r of re<ldin9s haa 
been rearranged tor eaay COlftPari1on. 
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Date 

10.5.73 

8.6.73 

12.7.73 

10.8.73 

7.9.73 

4.10.73 

16.11. 73 

2.12.74 

16.1.75 

8.2.75 

4.3.75 

10.4.75 

AVG. 

MAX. 

MIN. 

Table 13: 

Sur. 

5. 4 

1.8 

8.0 

8.3 

5.9 

12.6 

12.0 

8.6 

3.9 

4.0 

3.8 

3.5 

6.48 

12.6 

1.8 

The surface and bottom values for Silicate - Si concentrations 
in microgram atoms per litre (µga/1) at the 5 monitoring stations 
for the periods May to Novembel! 1973 and December 1974 to 
Ariril 1975. 

(1) ( 3) (4) (5) (7} 
Bot. Sur. Bot. Sur. Bot. Sur. Bot. Sur. Bot. 

7. 8 2.9 2.5 5.1 5.3 5.4 10.5 9.3 10.1 

4.9 8 . 8 4.5 1.2 6.9 7.1 7.2 11.5 12.0 

9.4 1 0 .9 6.8 6.9 6.4 7.8 5.9 6.5 7.1 

8.1 38.8 13.4 16.8 10.5 10.2 6.6 8.0 7.8 

13.4 70. 0 8.4 5.0 16.5 4.0 9.3 5.6 28.0 

7.3 100 .0 16.0 22.4 9.6 9.0 29.2 9.0 32.5 

13.6 155.0 16.4 17.0 17.2 14.0 14.7 13.6 45.0 

7.3 219.0 16.1 99.0 11.5 6.5 14.8 4.5 21.7 

4.0 62.4 8.9 3.0 7.0 1.0 0.7 2.0 1.2 

5.6 7.9 4.0 4.6 5.0 5.0 8.0 1.8 21.0 

4.0 18.3 4.0 6.0 8.2 5.3 9.0 4.3 9.0 

3.0 12.2 9.0 8.6 9.0 3.0 2.9 2.0 22.2 

7.36 58.85 9.16 16.31 9.42 6.52 9.9 6.50 16.55 

13.6 219.0 16.4 99.0 17.2 14.0 29.2 13.6 45.0 

3.0 2.9 2.5 1.2 5.0 1.0 0.7 1.8 1.2 
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Monthly nutrient concentrations at the 5 monitoring 

stations during the two sampling periods: (a) 1971 - 72; 

(b) 1973 - 75. Note that the order of readings has 

been rearranged for easy compa.rison. 
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Monthly nutrient concentrat1ons at the S monitoring 

stations during the two sampling periods : (a) 1971 - 72; 

(bl 1973 - 75 . Note that the order of readings has 

been rearranged for easy comparison. 
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Monthly nutrient concentrations at the 5 monitoring •--• 1971 ·72 
stations during the two sampling periods: (a) 1971 - 72 , ~-- - - ~ 1973· 75 
(b) 1973 - 75. Note that the order of readings ha■ 
been rearranged for easy coaparison. 
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Monthly nutrient values for surface and bottom 

at the 5 monitoring stations for the 1973 - 75 

sampling period. 
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MOnthly nutrient values for surface and bottom 

at the 5 monitoring stations for the 1973 - 75 

sampling period. 
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Monthly nutrient valuea for surface and bottom 

at the 5 monitoring stations for the 1973 - 75 

sampling period. 
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of concentrations were sufficiently different as to 

indicate two distinct layers of water. Indeed, 

salinity values support the view that the high surface 
concentrations were associated with the layer of brackish 

water formed by run-off, ,whereas the l ow bottom concen­
trations were associated with the more saline and 

consistent harbour water. Thus, surface concentrations 

were a great deal more responsive to the pattern of 

rainfall and run-off than bottom concentrations. 

At station 4 which is nearest to Hunts Bay, 

surface values for both nutrients were higher than 
bottom values after heavy rains (Fig. 22), but a t 

most other times bottom values were higher (Fig. 21.3) . 
Thus surface run- off only showed a noticeable effect 

on nutrient concentrations at station 4 for a few 

months of the year. 

At all other stations, however, bottom 
concentrations were a l most always higher than surface 

concentrations, even after very heavy rains (Fig. 

21. l, 4 & 5). Thus surface run-off could not be 

the major source of phosphates and silicates at these 

stations. 

Unfortunately, there are no equivalent monthly 

data for nitrates + nitrites. Nevertheless, occasional 

profile measurements indicate that the same is true for 
these nutrients. 

There could presumably be three reasons why 

nutrient concentrations at stations 1, 5 and 7 are 
greater at the bottom than at the surface. The first 
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and most obvious is that these nutrients are generated 

by the benthic deposits and recycled to the water 

column under suitable conditions. Indeed this is the 

major source of nutrients in the open sea, and the kind 

of vertical profile exhibited at these stations(Fig. 23) 

is certainly typical of benthic recycling. However, the 

benthic depcsits themselves could originate from a 

number of sources. Firstly, they could be a mixture of 

marine sediments and/or terrigenous material which has 

been discharged directly to the harbour with stormwater 

run-off. Secondly, they could be made up largely of the 

remains of dead plankton from the water column above. 

And thirdly, they could be settled sludge deposits 

from the sewage treatment plant outfalls. Indications 

are that at the Inner Harbour stations, the surface 

deposits are largely of terrigenous and planktonic 

origin; but this is still to be confirmed. 

•rhe second possible source of nutrients in 

the bottom waters is from submarine drainage. Indeed, 

the presence of such freshwater inlets in the eastern 

end of the Inner Harbour has been suggested before 

(Government of Jamaica, 1968; Goodbody, 1970), but never 

confirmed. Data at hand are still insufficient to 

demonstrate conclusively that they exist although 

evidence from the nutrient data is very strong indeed. 

This evidence may be stated as follows. Firstly, the 

levels of nutrients in the bottom water at stations 

5 and 7 show a seasonality which is identical with the 

rainfall pattern and which is much more pronounced than 

that of the surface nutrients (See Fig. 21. 4 & 5). 

Furthermore, following each major rainfall, the bottom 

nutrient concentrations at these stations show a very 
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significant increase which may not be evident at the 
surface or further west along the bottom. Examination 

of the phosphate and silicate distribution charts 
for Hunts Bay and the Inner Harbour following heavy 

rainfall (Fig . 24) shows in fact two centers of 
nutrient input at such times: one at the surface in 

Hunts Bay, and the other at the bottom in the eastern 
harbour. If this input in the eastern harbour were not 

due to the presence of submarine inlets we would need to 
have a suitable alternate explanation for the fact that 

the high input is confined to a relatively small area 

and not spread over the entire Inner Harbour as we might 
expect if it were due entirely to benthic recycling. 
Finally, this increase in bottom nutrients at stations 

5 and 7 has been coincident on a few occasions with a 
s l ight reduction in bottom salinty. However, this 

has only been recorded on a few occasions and is not 
conclusive. 

The third possible source of nutrients in the 

bottom water is an easterly current along the bottom 
flowing from the general direction of Hunts Bay towards 
station 7, Evidence for the existence of such a current has 

been produced earlier in this report. However, neither 
the nutrient distribution charts in Figure 24 nor other 

data give any indication of a flow of nutrients along 
the bottom from west to east. Hence, the hypothesis 
is without support. 

In addition to the sources of nutrient input 
discussed above, there are also of course the nwnerous 
waste discharge streams which enter the harbour around 

its periphery but which are especially nwnerous around 
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the Hunts Bay, Newport West and Newport East areas. 
Since their flows are fairly constant from month to 
month, their effect on the nutrient levels is not as 
conspicious as the other sources, although there can be 
no doubt that they are in a large part responsible for 
the high background levels which exist year-round. 
Unfortunately, however, present data do not make it 
possible to quantify their contribution with any 
greater accuracy than that done in the Government of 
Jamaica (1970) sewerage report. Even then, that 
report only estimated the nutrient load from sanitary 
sewage and stormwater run-off and did not consider the 
load from industrial effluents (sanitary sewage was 
estimated to contribute an approximate equal load 
of nitrogen and phosphorous as stormwater run-off). 
Hence, the picture with regard to effluent sources 
is still unclear and will require a special study in 
order to obtain really significant data. 

In spite of these limitations, however, it 
is possible to se e the effects of certain waste effluents 
on the immediate receiving waters. For e><ample, Daw-
kins Pond shows high nitrate + nitrite (6.20 pga/1) 
and phosphate (11.65 µga/1) concentrations near the 
sewage plant outfall. Similarly, these nutrients are 
well above average concentrations near the Greenwich 
and Western treatment plant outfalls as well a• in the 
vicinity of the Seprod soap and detergent discharge at 
Newport Baat and the slaughterhouse discharge just 
east of it. Thus, a nitrate + nitrite concentration 
of 13.2 µga/1 and a phosphate concentration of 9.5 µga/1 
have been recorded off Newport East . Generally, silicate 
concentrations are not affected by these outfalls. 
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One thing further needs to be considered in 
discussing nutrient distribution and this is the effect 
of wind and wave action. There can be no doubt that 
vertical mixing of nutrients in Kingston Harbour is 
accomplished mainly by wave action. Thus during the 
windy months of March to August, the water column ie 
well mixed and the difference between surface and 
bottom nutrient concentration• is least for the year. 
(See Fig. 21) . Furthermore, due to wind driven currents, 
horizontal mixing is also enhanced and the station 
differences are reduced. Thus , the entire harbour ie 
1110re homogeneous than at any other time. Since nutrient 
concentration• are also about the lowest for the year 
at that time, the harbour may thus be said to exhibit 
its natural background nutrie nt conditioneduring theee 
1110nthe (Fig. 25). This is in marked contrast to the 
situation which exists in September, October and 
November, when the concentrations are highest and both 
the horizontal and vertical differences are extreme 
(Fig. 24). 

The question inevitably arise• as to whether 
over the past several years there has been an increase 
or a decrease of nutrient concentrations in Kingston 
Harbour, and whether in fact there is over-enrichment 
of the system. In order to answer tbeee, we need to 
refer to the earlier works of Steven (1965 & 1966) 
and compare the results then with the present. However, 
in doing so, we must take note of certain differences 
in the methods employed. 

Steven (1965) examined two stations routinely 
in Kingston Harbour between JUly 1962 and June 1964. 
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His station 3J in the Inner Harbour was situated 

somewhere between our stations 5 and 7 but much closer 

to tne latter, while his station 2J in the Outer 

Harbour was situated about a half a mile east of our 

station l. His samples were =llected approximately 

the same time of day as ours, but were obtained only 

from the 5 m depth since he assumed that the water 

was entirely mixed from surface to bottom and a sample 

from 5 m could be regarded as characteristic of the whole 

water column. However, we now know this to be wrong. 

Steven"s samples were deep frozen soon after collection 

and the analyses carried out at the Bermuda Biologi-

cal Station using standard bench techniques available 

at the time. Twenty six monthly determinations were 

obtained for nitrates + nitrites.nitrites, phos-

phates and silicates. 

In order to compare Steven's results with our 

own, the following methods have been employed: 

(i) Our station 7 has been compared with station 

3J, and our station l with station 2J; 

(ii) Only data obtained for tne 5 m depth at 

these stations have been used for direct 

comparisons between 1962 - 64 and 1973 - 75; 

(iii) Phosphates and silicates have been compared 

directly for the two periods, and by 
extrapolation with 1971 - 72; 

(iv) Nitrates + nitrites for 1962 - 64 and 1971 -

72 have been compared by extrapolation, 

since there are no 5 m determinations for the 

latter and there are no regular data for 

1973 - 75. 
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The data nre summarised in Table 14. They 
show that for the nitrates + nitrites ll(>th stations 
had an increase in concentration in 1971 - 72 ovPr 
1962 - 64. Similarly, both stations had increasea 
in phosphates in 1971 - 72 and 1973 - 75 over 1962 -
64, However, for the silicates, whereas sbetion l 
had an oyerall increase frOITI 1962 - 64 to 197J 75, 
station 7 had a decrease. Thus, in all but one caao, 
the data indicate that there has been a qeneral 
increase in nutrients at stations land 7 since 1962-'-
64, It could be argued, ho"1'ver. that these increaset 
might be due to differences in the analytical method~ 
employed and not to real changes. Howover, when o~ 
examinn the 1971 - 7Z and the 1973 - 75 data by 
themaelv~s for which identical methods were employed, 
the similar trend of increases is evident. 

The Table 14 data also show that the overall 
increases have been greater at station l than at 
station 7. For exa,nple, the nitratee t nitrites l11V<' 
increased by 46.l % at station las compared with 
7,9 % at etation 7· the phosphates by 450.0 % at 6 •t1on 
l, compared with 234.8 % at station 7; and the silicatPS 
by 53.J % at station l compared with a decrease at 
station 7. T~ua it is clear that the maJor increases 
have occurred in the outer Harbour, so that there 1a 
now far less difference between the Outer and Inner 
Harboure than there was in 1962 - 64. Thia coul I Le 
interpreted to mean that th~ main effect of high 
,nutrient inpute to the harbour has been to spread 
nutriont rich water over a wider area than before, 

atho:1 th n to merely increa5e concentratio~e in 
localie <1 areas. IC thie is as inuicat<!d then it 
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Table 14: A c ompat1son of nu~rien~ concentration~ 
at the S metre depth at atations l (Outer 
Harbour) and 7 (Inner Harbour ) to th<> 
periods 1~62 - 64 ( teven, 1965), 
1971 - 72,and 1973 - 75 . ~ll rneaaure­
ments are in uga/1. 

Overall 

~ 1971-72 1973- 75 lncreaae 

NO) + N02 - N 0 .78 (1.14) 46 . 1,. 

P04 - p 0.08 (0.27) -. 36 450 . 0lr. 

s104 - Si 3.49 (3 . 20) 5 . 35 53.3'. 

N02 + N02 - N l.14 (1.23) 7 . 9'1 

P04 - p 0 . 23 (0 . 54) 0.77 234 . 8,, 

Si04 - Si 10.70 (3 . 6~) 6 . 06 -43.4 

parenthesea were obtained by extrapolation from 4 

.-.asurementa. 
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means that more and more of the harbour including the 
outer Harbour is being atfected by the existing 
nutrient discharges. 

The final conclusion to~ drawn from the 
data in Table 14 is that the phosphates have shown the 
greatest increaa,, followed by the nitrates + nitrites 
(up to 1971 - 72) and thl'n the silicates. However, 
since stormwater run-off is the major source of 
silicates ano this nutrient has increased the least , 
the grc-ater increases in phospl,atea and nitrates + 
nitrites n,ust Le due at least in !)art to causes other 
than increased run-off. These could be greater benthic 
recycling and/or increased waste dishcargea. Of 
these two·, the latter in unquestionably true and is 
linked to the prcliferation of domestic and industrial 
waste outfalls around 1.hc- p,>riphery of the h.~r!x>ur 
sine<' the 1962 - 64 pel"iod. On the other hand, tl,e 
increas., if any in bonlhic recycling is uncertain. 

Goo<lbody (197 ) in a review of the biology 
of Kinyston H111:Lour quoted Steven• s ( 19&5) dnta and 
concluded "It lo clear .... ~hat Kingston l!arJx,u1 is an 
area of exceptionally high biolO<Jical productivity 
and that this l1igh level is maintaine<i by c<>rrl'spond­
ingly high levels of avili lable nutrients ." He furthe1 
dr~w attention to the incrnasing frequency of phyto­
plankton blooM!I in the harbour and nc,tecl the c<>nclusion 
draWI' by Steven (1966) that in e particular bloom 
he~ studied 11 nilr0<Jen enrichment was a precondition of 
the bloom." Zince thi6 review, ou1 data and obser-

. v.itions have confirmed the high level of nutrient• 
which exist in ths harbour and the oc-currenc<' of 
exceptionally high nitrog"n and phosphorus c,oncentratlons 
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within the area of phytoplankton bl00111s. For examplP., 

in on• particular bloom in the Outer Harbour produced 

,y t d- ,ofla, ll"t Gymnc. ni-- apl4'nden,., the 

average nitrate+ nitrite concentration waa 10.47 pga/1 

od ,e averag pho ~hate con tr .on 2.21 1,1ga/l. 

In other worda, the concP.ntrations of those nutrient• 

durJ th bloan (Noveober, 1972) were nearly t.cn times 

the normal as definRd by the 1971 - 72 average• at 

station l. 

The occurrence of th c exceptionally high 

nutrient concentrations 1n patches ia not fully under­

atood, nor are the mechani= which trigger the onaet 

of blooms. Nevertheless. it ia know,that bloot:111 cannot 

occur without a certain high background level of 

nutrienta, eapc,cially nitrogen, and that aa a result 

of the blooms, the nutrients become depleted. Thea• 

condition• have been deacribea ~n detail by Steven 

(1966) tor a bloom of the Inner Harbour and have now 

been observed during tbia study for blOOl'la in all -jor 

aectiona of the harbour. Thua the role of nutrient• 

not only in auataining high priaary production, but also 

in promoting phytoplankton blooms throughout Kingaton 

Harbour i• well established. 

Grab..,.... (1974) baa concluded that the high 

nutrient inputa to Kingston Harbour are not deleterious 

to the :i:ooplankton, but seem beneficial. Ho-var, he 

baa auggeated that the abundant development of the 

zooplanltton -y adversely affect the harbour benthoa 

through contributing to deo,cygenation of the bottOlll 

water. If this is ao, and our data indicate that it 

ia, then Kingston ITarbour must be claaaified aa 
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eutrophic or over-enriched and therefo:rein need of a 

reduction of nutrient levels in order to regain a 

proper balance throughout. 
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9. DISCUSSION 

The water quality data discuaaed in the 

preceding sections provide a comprehensive picture of 

the state of the water in Kingston Harbour . They 

reveal, first of all, that the harbour ayatem ia complex 

and subject to seasonal disturbances and that , at least 

in the case of dissolved oxygen and inorganic nutrients, 

there have been significarcchanges in tho past few years. 

They also show that throughout the major aectiona 

of the harbour, there are considerable differences in 

the quality of the surface water as compared with that 

of the bottom water ao that in any discussion of water 

quality, one has to distinguish between surface and 

bottom. In order to do this in this diacuaaion, the 

average annual values for all parameters for surface 

and bottom at the 5 monitoring stations have been 

tabulated (Table 15) and are illustrated in Figures 

26 and 27. 

These figures show clearly the differences 

between surface and bottom water. Firstly, at all 

stations, the surface water is less saline than the 

bottom water while the dissolved oxygen concentration 

and B.O.D. arc higher. These rlifferences are considera­

bly greater in Bunts Bay than anywhere elae, despite 

the fact that Hunts Bay is by frlr the shallowest 

section of the harbour.and are due almost entirely 

to the effect of freshwater run-off via the Rio Cobre, 

the Duhaney River and the Sandy Gully drainage system. 

This effect is seen also in the extremely high phoaphate 

and silicate concentrations which occur in the fresh 

surface water of Hunts Bay, as well as in its very low 

transparen::y. ~hus the Hunts Bay surface water is unique 
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Table i~: ~h~ average values for al: parameters at ~:be 
5 ll'l0n1.torin9 St.ations fer ti,e periods May to 
November 1973 and December 1974 to J>.pdl 1975 . 

I S.ir. (1) 
( 3) (4) (5) (7) Par a.a:eter BoL Sur. Bot. Sur. Bot. S1.r. Bot . Sur . Bot . 

Te:"lp . (°C) 2b . l3 20 . 27 27.75 2o.69 28 . 4B 28 . lO 28 . 46 28.33 28 . 64 28.47 

SaL(0 /oo) 34 . 5 .. 35 .61 22 . 34 34.77 34 _.;4 35.~B :lS . 08 35.51 35 .15 35 . 56 

Trans . ( :n) 4.63 0 .97 3 . 7 9 5 . 95 , . 54 

o.o. (mg/1) b.05 5 .13 7.7') 3 . C6 5 .87 4.34 6 .16 3 . 6 5. 94 3 . 02 
BOD (r.g/1) '1 . 36 2 . 67 7.94 6 .57 ~ - 94 4.17 4 . 74 4 . 42 4 . 60 3 . 50 

I ,,.. P04 -P'uga/l) 0 .41 0 . 54 7.63 0.84 o.a2 0 . 39 0 . 51 0 . 36 0 . 58 1. 75 N 
I 

Si04 - Si 6 . 48 7 .36 58. 85 9.16 16 . 3: 9 . 42 6 , 52 9 . 9.'.> 6 . 50 16 . 55 
(uga/ 1) 
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to the rest. or the h,1rbour water mainly because of the 

pr1>dou>inatinq influenr-f> of freshwater run-off. On the 

nthPl hand, the surf11c.- water in the rest of the harbour, 

while showing some ,.ffect from run-off, owes its 

differences to bottom water to additional factors such 

I\S plankton pi:oduction, wave action, dfl'pth of wate-r 

an,l source of nutri~nt input. 

In many resp<><.,ts, the surface water throughout 

the harbour can be said to be of good nuality from an 

f'eological point of vi<'w. Except in Hunts Bay, th,. 

salinity fluctuntions are not great and thele is good 

oxyacnation ~verywhete. Plankton thrive in these waters 

and prinary production is high. \s Graharoe (1974) has 

pointed out with regarrl to the zooplankton "pollution 

per se i~ not the dominating environmental factor.• 

Unfortunatf'ly, the sane cannot be said for 

the bottom watE'r . 

UnlikP the outface watf>r, the bottom water 

throughout ti,,. harbour shows very stable salinity and 

tf>lnP"ratu," eonciitions (Fig. 25). However, most other 

par11nieters show a gradient from the Outer Harbour to 

Hunts Bay and the Inner Harbour. Thus, dissolved 

oxyqen concentrations decrease steadily going into 

the harbour while phosphate and silicate concentrations 

increase along the same gradient. However, B.O. O. does 

not follow either of these patterns but is highest in 

Hunts Bay and falls off away from it. 

The general conclusion is that water quality 

is best in the Outer Harbour and is worst in Huntw Bay 
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and the e xtreme •••tern end ot the Inner Harbour . 
Thie ia ref lected primarily in the low diaaolved 
oxygen concentra tions which exist at the bottom at 
all atationa except in the Outer Harbour. These 
conditions are unsuitable for moat forms of marine 
life and h a ve been largely reaponaible for destruct­
ion of the benthoa in the Inner Harbour and Hunte Bay 
(Wade .!1 al, 1972). Furthermore, there ia evidence 
that these conditions are steadily getting worse at 
all stations and, if unchecked, t he entire harbour 
may one day be unable to support niarine life at the 
bottom. For thia and other reaaons, there ia need to 
exanu,,. lhe •P"Citic causes for the deteriorating 
conditions. However, thia will be done at length 
in Part 3 of this report. For the preaent, we may 
benefit by diacuasing the broad environmental factor• 
which presently aeen important in determining water 
quality _n the major sections of the harbour aa well 
as in other parts. 

In the Outer narbour, there are at least 
two 1:1ain influ•nces: one ia the effect of clean well­
oxygenated open-sea water which p,-netratea into the 
harbour 11t flood tirto: tht> other is the effect of 
stormwater run-off w~ich flows out of the l'..rbour after 
heavy rains. TherP is no doubt that up to recently 
tho open-sea water predO!llinat, 1n i~• effect for >oat 
of the t1me . (See also Noore, 1967; Grahame, 1974). 
However, the increasing strength and volume of run-off 

waste discharges 1n Junta ~Y and the 
Newport West - Newport East in<lu•trial area must 
obvious be h. ving • increaa1nJly grAater effect on 
water quality in the cuter Harbour. In artdi tion, th" 
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opening up of Dawkins Pond to the Outer Harbour in the 

oast f~ve years with the resultant diBchsrge of 

nutrient rich water to it (Born<' from a municipal sewage 

troatJ:>ont plant) must alao be partly responsible for the 

general docli,,,. in water quality which has taken place 

in the Out .. r Harbour . In particular, the increaaes in 

nutrient concentrations and frequency of plankton blooms 

in that aection of the outer Harbour can bo dir .. ctly 

attributed tot~ Dawkins Pond discharge via th .. new 

ch11nn,.l. 

Hunts Blly, with its low salinity, nutrient rich 

an high B.o.o. wa .er a.ready receives to uch storm-

water run-off and waste discharges for th. maintenance 

of good water quality. Furthf-rmore , since thPrA doea 

" t s< e, to be any prosp ct for a ~ crea 1n 1. char .s, 

tho re is no likelihood of tb,> water quality improving. 

I, tac tli con ruction of ll,... solid-fi 1 cau •way 

1n recent years has contributed to" worsening of water 

quality and will, in all likelihood, continue to do ao 

l,y ill'pound-•T. of waste material, reduction of wave 

action and increase of atagnation. However, if this 

l,appon•, the efff'Ct will not b<> confined to Hunte Bay 

but will, with p,?riodic partial fluahing of the bay, 

extend to the Inner and c:>ute Harbour• through discharge 

of poor quality..,,ter. J.Grahame (1974) and E.S, Grahame (peraonal 

cOITV"unication) hav<> idPntifieo zoopl,rnkton "nd phytoplankton 

coruwnit1ea which are ~culi11• to the estuarine environ,.,..nt 

n! Hunts Bay. If pres,.nt water quality trrnds continue 

~nd HuntA Olly w11ter begins to exert 11n even greater effect 

on other sections of the harbour, it i~ possible that 

thes" plankton communiues cnuld ext,.nd !11• ther )uts1de 

Hunts Bay than thE'y prf'sently do 11nd eventually modify th" 
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existing communi t ies. If this occurs, further changes in 

the ecological system could then take place. 

The third major section of the harbour, the 

Inner Harbour, is mark~d by fairly consistent water 

quality characteristics. Salinity remains high year­

round both at the surface and bottom, while bottom o .o. 

levels are almos't always 10\.., and nutrient concentrations 

almost always high. In fact, these conditions are most 

pronounced in the extreme eastern end of the harbour 

where , on account of the high nutrient levels, plankton 

9roduction is extremely high, and contributes to oxygen 

deficiency in the bottom water (Grahame,1974) . However , 

poor oxygen conditions in this part of the harbour are 

also caused by rapid uptake of oxygen by the bottom 

deposits as well as by poor circulation and mixing at 

maximum depth. 

The inputs of nutrients to the Inner Harbour 

are varied and cliffuSP whil" the origin of the bottom 

sedime nts is uncertain. Hence, it is difficult to 
attribute some of the factors responsible for poor 

wa~er quality in this area to specific pollution sources. 

Neverth~lPs~, the impact of waste discharges to the 

Inner Harbour cannot be discounted , especially in view 

of the fact that evidence indicates that water quality 

in this part of the harbour·is deteriorating rapidly 

and may be due to recent factors. 

A major area in the harbour of highly 

variable water quality characteristics is that between 

Hunts Bay causeway, the old Kingston Wharves and 

Middle Ground shoal. This area represents the 
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convergence of the three major sections of the harbour, 
namely the Outer Harbour, Hunts Bay and the Inner Harbour 

and hence the water quality here is subject under different 

conditions to the influence of these three water masses. 

Thus after heavy rains and run-off, the predominating 
effect is from Hunts Bay, while at other times under 

the influence of strong flood tides, Outer Harbour water 

and even open-sea water may penetrate far into it. Under 

normal conditions, however, that is with moderate tides 

and strong E. S.E . sea breezes, the water in this area has 

mostly the characteristics of the Inner Harbour water 
with high salinity, high nutrients, and low bottom oxygen 

concentrations. 

The variable water quality conditions in this 

area are both seasonal and diurnal and are reflected to 

a large extent in the data fo1· station 4. Jlo~ver, 

whereas·the means of values for most parameters at this 

station are intermediate when compared with those for 

the rest of the harbour, the ranges of values are often 

extreme. As a result, the interpretation of ov~rall water 

quality conditions in this area is more difficult and 

uncertain than for elsewhere. Nevertheless, certain 

specific comments may be made regarding the conditions 

in two well defined sections. One of these is the Newport 

I/est shipping l>asin; the other is the refinery to 

Kingston Wharves shoreline. 

Because of its semi-enclosure and alignment 

with respect to the prevailing currents, the Newport 

West shipping basin i,s effectively cut off from much 
of the rest of the harbour, and water conditions in it 

therefore remain relatively stahle. These conditions 
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however, are determined by several unfavourable factors 
such as the discharge of 3.5 m<Jd ot primary treated 
sewage effluent and various industrial and ship wastes 
directly to it. Aa a result water quality in this 
basin is always very poor and appears to be getting 
worse- .. 

The refinery to JCingston Wharves shoreline is 
marked by the discharge of several waste effluent• 
and polluted gully streams at surface along the coast. 
These inclua,3 . S mgd of primary treated sewage, slaughter­
house wastes and soap, detergents and oil wastes. 
Under the influence of the sea broezes during the day, 
these effluents back up along the shore instead of 
dispersing into deeper water and so produce a zone of 
poor quality water along the shore. This water is char­
acterised by its high nutrient levels, poor transparency due 
to suspended matter and slime, oily appearance and, at 
times, quite noticeable odour. At night, however, under 
the influence of the land breezes, this w~ter is driven 
away from the shore and carried south across the harbour 
over toward the Palisadoes. Its effect on water quality 
at station 4 may then be quite noticeable. 

The Port Royal mangrove area represents a small 
subsystem of the harbour. Water quality here is in­
fluenced by its own special features as well as by 
inflow of water from the major sections of the harbour. 
For example, poor quality water arrives in the area 
from Hunts Bay after heavy run-off as well as from the 
Newport West - Newport East industrial area at nights. 
This wator may become trapped in parts of the lagoon 
system where it m8y persist for some time (Goodbody, 1961), 
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or ""'Y be flushed at ebb tide depending on the currents. 

Where tidal circulation is good, exchange of water with 

the Outer Harbour normally results in removal of 

pollutants and replenishment of oxygen, while in those 

places where it is poor, the water may become foul and 

stagnant. However, this is influenced to a large extent 

by biological activity, and in certain rmrts of the 

raangroves. water quality re=ins fairly good despite the 

slow turnovE!r of water. llowever, the present feeling, 

based on personal experience of the mangroves ovAr the 

past ten years or so, is that the general conditions in 

the mangrove area have declined ~ignificantly, due 

mostly to poor quality water flowing into it from Hunts 

Bay and the Newport West - Newport East area. 

The final section of the harbour to be considered 

and, in many res...,.cts, the most recent. is Dawkins Pond: 

for until a fe" years ago with the creation of the 

channel through the Port Henderson spit, Dawkins Pond w,111 

only connected with thP rest of tlv> harbour through 

Hunts ldy. Now, however, there l.S a dirPct connection 

with the outer Harbour . B;,sically, Dawkins Pond is 

very similar to Hunts Bay and is characterised by heavy 

run-off and waste discharges resulting in low salinities, 

high nutrient levels, low transparency and low bottom 

oxygen concentrations. However, even more than Hunts Bay, 

Dawkin~ Pond has undergone rapid physical changes due to 

recent urban development such as mangrovP destruction, 

deepeniny, finger chanelling, and urban drainage. Thus 

the water quality in parts of Dawkins Pond has already 

becc""' worse t>,an in Hunts Bay, and it appears that this will 

continue and sprearl. Furthermore, as discussed ~arlier on, 

'its effect on the outer Harbour water is already evident 

and is expected to ~o,sen as more changes take place 
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including the doubling or more of sewage effluent disch~rge 
to the pond. 

The data discussed in detail for the five regular 
monitoring stations in Kingston Harbour together with the 

data obtained by occasional sampling in other parts present 

a compr<>hensive picture of water quality conditions in the 

harbour. The outstanding conclusions are that bottom oxygen 

conditions throughout most of the harbour are unfavourable 

for marine life and are getting .worse. Furthermore, nutrient 
concentrations everywhere are high and are getting higher. 

liow these two facts are related has been suggested in 

preceding discussions, but has not been elaborated on. 

That will be the subject of investigation in Part 3 of 

this report~ However, on overall consideration, these and 

all other parameters studied point to an unmistakeable 
trend of rapidly deteriora-ting conditions in Kingston 

Harbour. How much further this trend will continue cannot 
be ascertained with certainty. 

Inasmuch as the determination of water quality 
based on bacterial levels has been outside the scope 

of this study, they have not been discussed in any detail. 

Thus the conclusions reached above pertain only to 

ecological parameters. However , this in no way means that 
bacterial levels are unimportant in the ov,.rall assessm,.nt 

of wat"r quality, especially for public health purposes. 
Indeed, as far back as 1967 (Government of J~~aica, 1967) 

the importance of these levels in Kingston Harbour 

was stressed and the conclusion reached thatfrom a public 
health point of view, the water quality in much of the 

harbour was substandard . The few data obtained sine" 
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then support this conclu~ion and Lndicate a general 

spreading of the e" condition&. However, it now app,,ars 

high tirne that a thorough bacterial resurvey of K~ngeton 

!larbour be initiated . 
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10. SUMMARY 

(l) Tc pe.ature, aalinity,tranaparency,diaaolved 
oxygen, biochemical oxygen demand, nitrates + nitrites 
phosph tes and aili ·ates -re routin ly aaured at 
monthly intervals at 5 monitoring station~ in Kingston 
Harbour. Moat .P"rameter■ ,...,ro rneasu ed at 5 -tre d oth 
intervala. In addition, more than 50 stations around 
the periphery of the harbou -re aa, pled occasionally. 

(2) Horizontal and vertical temperature differences 
in the h rbour are generally Asa tan 1°, and re 
insignificant. The annual ranqe ia 3.s0 c (26 . 3 - 29.7°c) 
wit, J ly an August bei the wameat months and Jan,..ry 
to ~rch being tho coolest. 

(3) Tho salinity f bottor water in ~inq ton 
Harbour i:emalnu constant year-round (35 . 6 °/oo). However, 
the surface water, opecially nth t p ~ -tre, 
ia subject to various degrees of dilution ,ofter heavy 
rains. Thia ia greatest in Hunts Bay where the salinity 
may fall to l~■s than 1 °/oo on occaaions. However, 
surface salinity at the other station• seldom falls 
below Ji 

0
/oo after rains and ouy re over to nozmal 

level5 within a few weeka, 

(4) Tho poorest tranaparency ia in Hunta Bay 
where run-off is greatest, and is at the worst during 
tho rainy months . Average transparency in Hunt• Bay 
is only 0.97 m compared with 3.79 m to 6 . 54 min the 
rest of th~ harbou . 

(5) The dissolved oxygen concentrati ,n in 
th, surf/lee water throughout the harbour is high. 
However, except for the tuter lfarbou , all other parts 

- ---------
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o! the harbour have oxygen deficiency at the bottom. 

(6) The diesolved oxygen con entrations ot all 

deptha be.ow the aurface declin as one moves up the 

harbou. llo""'vor, this decline is greateat between the 

Outer and Inner Harbour• and in the Upper Basin. 

(7) Bottom oxygen conditicns in tho Inner tiarbo= 

also deteriorate with deptl and the worst conditiono 

occur at tho extreme eastetn en of the Inner Harbour 

where the averdqe saturation level i lesa than 50'1(. 

(o) Bottom oxy91>n conditions throuquout the 

harbour have been deteriorating ever the past 5 yeara. 

llowevet, this deterioration is crreateat in Hunt• Day 

and tho Outer Jlarbour. 

(9) The biochc=cal oxygen demand ia greatest 

in Uuuts Bay (7.25 n<J/l average) and lowent in the 

Outer Harbour (3.51 1119/ll, and the higheat a.o.o.•11 

occur in th 11urface water during t e rdiny months. Th 

hi,.h e.o.o. valu sin the harbour contraet with the 

lo~or valu of 2.0 rrq/. obtained for tte open a<la n ar 

Lime •ay. 

(10) Ino yanic nutrient a in the form of nitr,,tAIS 

+ nitrite&, plosphates and si~icatea have very high 

concentrations in Kingston Harbour. Th hiyheot 

ccr.ce trations are in Hunts Bay, followed by the Inn r 

Harbour an<l the Outer !!arbour. All the nutrients 

ahow a seaGOr.al i&tr bution relatedtc the rainfall 

f)'1ttern. 
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(11) All parts of the harbour show significant 

vertical differences in nutrient concentrations. In 

Hunts Bay the surface water has higher concentrations 

than the bottom water. In most of the rest of the harbour, 

however, the bottom water normally has higher concentrat­

ions than the surface water. 

(12) Higher surface concentrations in Hunts 

Bay are attributed to surface run-off and waste discharges 

while higher bottom concentrations in the rest of the 

harbour are due to benthic recycling and possibly 

submarine drainage in the Upper Basin . 

(13) Since the first nutrient survey was conducted 

in 1962 - . 64, all the nutrients have shown an overall 

increase in concentrations. The greatest increase has 

been with the phosphates, followed by nitrates + 

nitrites and the silicates. 

(14) The Outer Harbour has shown a greater increase 

in nutrients since 1 962 - 64 than the Inner Harbour. 

(15) The increase in nutrients cannot be attributed 

to greater freshwater run-off. However, waste discharges 

have increased considerably since 1962 - 64 and is 

likely to be the main factor responsible for the increases, 

especially in t he outer Harbour. 

(16) The increasing frequency of plankton blooms 

in all parts of the ha rbour may be linked to the increase 

in nutrient concentrations. However, the precise factors 
whic h trigger plankton blooms in King ston Harbour are 

still not understood . 
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( 1 7) Kingston Harbour exhib~ts all the typical 

characteristics of a eutrophic water body. Thus, whereas 

the surface waters support la,:ge plankton populations, 

the bottom waters have poor benthic populations, 

(18) Overall water quality in Kingston Harbour is 

worst in Hunts Bay and the Upper Basin and is best in the· 

Outer Harbour. However, deterioration is taking place 

mo<e rapidly in the outer Harbo~r than anywhere else. 

(19) certain discrete sections of the harbour 

have water quality conditions which are worse than in the 

open harbour. Some of these areas are Dawkins Pond, the 

Newport West shipping basin and the refinery to Kingston 

wharves shoreline. 

(20) 1111 the evidence on water quality in Kingston 

Harbour point to an unmistakable trend of rapidly 

deteriorating conditions. How much further this trend 

will continue cannot be ascertained with certainty. 
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l. INTROt>UCTION 

The water quality data diacussed in Part 2 of 
this report clearly show that deficient oxygen levela 
exiat throughout 1110st of the botto,o water of the harbuur 
and that they reflect an increaaing level of pollution. 
110-v, r, since the distribution of oxygen var:i.ea with 
location, depth, ••••on and ti.,. of day, it ia clear that 
the factors which operate with varying intensities to 
produce the reaultant oxygen level■ n,ust affect both the 
aupply of oxy~en to the water and it■ ulti."ate uptake or 
re..oval. Thu■ the eve. of oxygen in the narbour at any 
one time represents a balance between the amount o! oxygen 
supplied to it an,I the &.'IIOunt take up or lost "I p'-ya1cal 
Liological or oH,er meana. It is thia balance bc,tween 
supply and denand of oxygen with which thia se tion ot the 
report~• concerned. 

Si.nee low oxyg n level• have t»en id nt1fied as 
tho moJor factor cauaing decline of the benthic organi~m~ 
u, the harLour, es cia y 1n the 1 ner I rbou. •r.d runts 
114y (~ade ~ !.!,, 1972), any recovery of their populations 
must be preceeded by a raising of th oxygen levels. 
Cenerally •pe•k1ny, th1a can be don• by increa■ing the 
aupply of oxygen to the harbour and/or decreasing the 
d0111And. However ■1nce tiler <1uction i.n xyqen level• 
haa almoat certainly resulted from an increase in oxygen 
d-nd aa pollution has tncreaaed, it would see, more 
logical at the outaet to concentrate on revera:i.ng the 
oxygen demand trend rather than increasir19 the aupply by 
altering the harbour phyaically. But to ■ay thia •• to 
•peculate for so ta1 we hav,o not yet exa,.,ined thosa 
factors wb:i.ch ut1liae the oxy en of the harbour r,or t ,oae 
which aupply it, a nd this is necesanry if wv wiah to 
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arrive at sound conclusions . In other words, as far as 

possible, we need to be able to quantify the contribution 

from all the various sources to the supply and demand 

budget so as to assess those which are moat critical and 

capable of change. Only then can a feasible program for 

improving the oxygen conditions be worked out. 

Unfortunately, the study reported here has not 

gone far enough in investigating all the critical factors 

and hence the supply and de,nand budget cannot yet be 

drawn up with accuLacy. Heverthele:::s, sufficient has 

been done to indicate what the importar.t factors might be 

and what furth~r investigations are necessary to complete 

the picture . Moreover, t his study also points to the 

nature and enormity of the task that lies ahead in 

improving the oxygen balance, whether it be by incredsing 

the oxygen supply or by reducing the demand . For lhuse 

reasons, the information presented in this section of the 

rcp0rt, although incomplete , is of importance. 
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2. OXYGEN DISTRIBUTION AND SUPPLY 

The distribution of oxygen in the sub-surface 

waters of the harbour shows a definite pattern of higher 
concentrations nearer the open sea and lower concentra­

tions in the inner parts (Fig. 16). Thus the Outer 

Harbour has the best oxygen conditions while Hunts Bay 
and the Inner Harbour, especially the Upper Basin, have 

the worst. However, the gradient of oxygen levels is 

not gradual throughout the harbour but changes rapidly 

in three areas. These are (a) the area of the narrow 
ship channel connecting the Outer Harbour with the Inner 

Harbour; (b) the area of the causeway across the mouth 

of Hunts Bay; and (cl the area where the deep Upper Basin 
slopes off from the rest of the Inner Harbour. These 

three areas are marked by sudden changes in topography 

and depth and represent obvious boundaries to the 

different sections of the harbour. Thus, to some extent, 

each section of the harbour may be considered as a discrete 

water basin with its own characteristic hydrography and 

water quality. However, this does not mean that each is 

a closed system with no exchange of water with the others. 

for we know that there is, but it does indicate that 

within each there may be local factors peculiar to that 

area which help to determine its water conditions. Indeed, 
the water quality data presented in Part 2 provide 

evidence that this is so especially in the bottom waters 
where the water quality is markedly different . Thus. it 

would be useful in assessing the oxyqen budget of the 

entire harbour to consider each of these areas separately 

and to compare them with the open sea outside of Port 
Royal where water quality is good and there is no oxygen 

depletion. 
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In the open sea near to Lime Cay , both surface 

and iJottom waters are almost always saturated with oxygen 

and there is no marked seasonal fluctuation as within the 

harbour. Plankton blooms or red tides seldom if ever 

occur in this area and only under very exceptional cir­

cumstances such as extreme flood rains (Goreau, 1964) 

does stormwater run-off affect the water. 

In the Outer Harbour. however, although the 

average oxygen condi t.i.ons are good, the water is not free 

from the effect of plankton blooms a~d stormwater, and 

periodic fluctuations occur. Furthermore, not all parts 

of the Outer Harbour enjoy the same oxygen conditions as 

there is a steady decline towards the ship channel and 

deep semi- isolated basins like Hulk Hole show appreciably 

lower concentrations . Consequently, the Outer Harbour 

has a lower oxyyen budget than the open sea and is subject 

to variations. 

There is a dramatic fall-off in oxygen levels 

between the Outer Harbour and the Inner Harbour in the 

region of the ship channel (see Fig. 16). Since this 

narrow channel is the only deep connection between these 

two arms of the harbour and its depth is less than the 

average depth of either basin, it means that there can be 

no direct communicatjon between the bottom water of these 

two a11ns of the harbcur. Goodbody (1970) has therefore 

likened the Inner Harbour to a partially closed system 

in which exchange of water with the Outer liarbour is 

only in the narrow confines of the ship channel and over 

the shallow depths of the Middle Ground Shoals. Thus, 

the flow of tidal water into the I nner Harbour is limited 

largely to the surface, and bottom water can only be 
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replaced by f•rst rising towards the surface in a 
vertical circulation. ~ince this vertical circulation 
ia generated by wind, however, the replacer,,ent of botton 

ter .thin ha Inner I' ri.Jour is sub;ect to seaaonal 
fluctudt.ions dnd, for long periods <luring the calm months, 

.,..y b very ~rgi 1. •enco, cir ulat of wator _ 
tho Inno Harl.Jour resulting in the flushin~ and replace­
roont of bottom water may be very critical. On tho other 
hand, U• re i• no problem with tl,e aurfaco water. 

The Upper Odsin, having a greater depth than 
the rest of the Inner Harbour, has an exag{leratn<l vertical 
circulation problem. As a result, there is even less 
turnover of the bottom water and hence a greater oxygen 
deficiency problem at the bottOlll. 

Io Hunts nay. cit·culation has been reduced by construe .on the <1olid-fill cauS@way. 11 .. nce, t.h.-re 1a 
r,uch slower tu1nover of water insid" the c.iuoeway than 
l,ofore and oxygen concentrations have fallen. Ono effect 
of this is a sharp decline in oxy;ien concentrations across 
the caueeway. 

It ia clear fr0111 the above that the amount of 
circulation in each section of the harbour helps to 
determine its oxygen condition. Unfortunately we do not 
have dat ava.lable to accurately d-1 n:une the level of 
circulation throughout the harbour but, baaed largely on 
theoretical considerations we can attempt aome rough 
estimates. To do this, it is necessary to ma .• e certa•n 
ansumptions auout tiunl circulation in tho harbour nlthough 
eo.."'M! of these conditions cay not apply for al, or r..ost of 
the timo. Nevertheless, by so doing.any errors thwt may 

Nati
on

al 
Lib

rar
y o

f J
am

aic
a



-101-

1,,. made tend to produce an overestimation of tidal 

circula .ion and hence should note> ,ggerate the c~,rgon 

aupply problflm in Kingston Harbour. The necest:ity for 

this w 11 be ·ome obvious as ., proce, d. 

We will assutllft that tidal amplitudes throughout 

Kingston Harbour are equal and that the curre ,ta conaist 

of siMple flood and ebb tide movements in roughly opposite 

d1. .. ect ons. 
i,urface and bottom curr,..nts and there is uniforM flow 

•• osa each cross eecti n. Al tio~l water ent rin the 

hnrl.Jour doell eo through the chonnel between Po1t Royal and 

I' rt Henderaon and all o! thi• water is ,atura\. •d with 

oxygen at. 6., mg/1. (Govt. o! Jamaica, ,168). Thia 

tepresents approximately the best tidal condition that 

may exist for as~ ~-en losed e~onqated bay li~e 1:.ingston 

Harbour, 

In such" ca,ie, new water is brought into the 

11,1rbour on e ,ch fl ,od ti<lf> i,nd thus provi, es a .resh 

:,upply of oxygen. The volume of water which entcr,i on 

"•en tidal cycle is tl10 tidal prillm (obtained by multiplying 

ateo of harbour by tidal ain1litude) and the ;:unount o 

oxygen eupplied ill thio volw•\C tim• n the concentration. 

since 11 of the lood t de low enter• hrouJh the 

Outer Harbour, all of the oxygen contained in it is 

heo1etieally avai able to this section f thfl harbour for 

oxygenation. HoWftver, in tl,e Inner Harbour and nunt.a Bay 

wherc the ti<.l<1l prisms are only a part of the total 

for the harbour (7~ ,n, ~~ respectively), tha aupp y of 

new w~ter must at the most be proportional. Furthermore, 

the water ,,-tuch nters 11._ .n, •r llarbour and llunts Bay 

hos alr<'ady lost eome oxygen to tho outer m,rbour, and its 
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concentration can be expectecl to be no higher than th" 
aver~qe c ,ncentrat1on 1n the Outer Haruout (S.6 mg/1) . 
Thu1, thf' supply of oxygen to th,..se parts cannot be greatet 
th,rn 06.8')( <>nd 7 .2% of that to th<" Outer !!arbour . 
Similarly in th<> Upper Basin wh,.re the tidal pri~m is 14~ 
of the total for tr• harbour. the poss1b <> supply of oxygen 
is only 9.4% of that in th<> Outer Harbour (the oxygPn 
concentration of in,~off"ing water has fall~n to an average 
of 4.7 l'IQ/1 by the- tilTl' it reaches the Upper Basin). 
Prom these straightforward consi<ieration . it can Le seen 
that the ounply of oxygen to the Outer tlilrbou1 lJy lioal 
circulation ic. at least ten timn,, that in Lhe Upr-e1· Basin 
Md at l<'ant t 1 teen times th, t of 1: nte Bay. 

Howevet, under more likely condi tlons ot I, ula l 
flow in wl1ich surfr1c~ currents a1 e bttonq~r thar l>ottoP" 
currents and the oxyqf'r is not <.tistributed evenly through­
out the water coJ.unu,, the oxygen supply L< the surface 
by tidal flow is almoHt certainly greatet than ti.at to 
the bottorn, e~r>ecially in th<> Inner Harl<>ur. Thuo, the 
oxygenation 1n the l.ottom watPr of thP Upp.~t B-'.ti,ira is 
lil<ely to lJ consio,.ral ly IP9S in r,.lat1nn to tt>• 0Ute1 
Hrtrbour tht1II the- J.4·,.,. cstimr1t~d above . Furthermo,e, the 
situation 1s also affectP<l by lhr ~tron~ f. . S . F. . ann S . E . 
sea Lrec?.CO which blOW' up the h; rbour in opposition lo 
flood ti<Je flows M,6 probably recluce tl.e tidal prism in 
the Inner Harbour during the windy months. Add to this 
the ~problorn of exch11nge of bottom wate: between th<> 
outer and lr,n1>r Harbours du<> t o the ~iddle Ground Shoal 
and it can~ readily apprecioled that the dctual oxygen 
~upply to the, tipper 11<,sin by t ida 1 flow is quitP likPly 
to he considerably lesb thc1n thnL esti.t1k'\t~d abov~. 
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With rf'gard to Hunt~ n,,y , the tlctual ccn<litions 

aro quite di f fet ent from th, idealised 1 tuation duP to 

th ccu eway re:itr otin1 t. ldAl flo,.. t.us tne t 111 pr so 

naa probably been reduced by reducti ,n t the a plitude 

a,,d th• re is le,,. c1rculat1on than befo• e. Th~ c,xygen 

supply by flood t.icle flow io consequently less thon t.ho 

est1 11te made althougl1 we c,nnot say by how •••ucl mt.il 

more data are av,u.lz,ble. 

Where,:," oxygen supply by tid,,l flow to v<1t ious 

parts of the h~rbour variea with locat.i.on, oxyg-n eupply 

by wind and wave action is probably much e Sar.-<? thr• ,u~h-

out the harbour air.ce all parts (with the exception of 

Hunte Bay) flave approxil:late l}' • imilar ,nd tiono. However, 

the v,uiation with tine is much greate1 than for ti.dt1l 

flow and is im:xirtant . 

The r,erc-entaJe frequenc·, of all winds in 

Kingoton Harbour i" as folJo,,e (Govt. of Ja:11ica, l'lC, ): 

< 4 knots }7. 0'/4 

4 - 10 

10 - n 
21 33 

;,, JJ 

Since tho r,,te of 4'X hdnge ?! 91ui.-s acro:,a tl.c 

air - aea int trfac•• incrE.dSOS n.'l"';:;rox1nc..toly as tho square 

of tie veloc ty (lonw1sh0 r, 1< Jl, th~ wind sired fre­

quencies for Kingston llarJ.JOur would r 1lt in oxygen 

tranef'~r fr,... ... \ "' r to 5~a a ·cor, ng to t fl"' fo':..lo"''ll"J 
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< 4 knots 
2 ·°" ~ 10 22 . 5¼ 

10 21 57.7 
21 33 17 ,(i,r. 

Thus winds between 10 o1nd 21 knots in ctronyth 
a1e recponaible for the overwhelniing a ounl or oxy~cn that 
enters lungllt.on 11,,rl.>our by diffusion from the air ( 57 . 77") 
wlale winds Lelow 4 J...nots result 1n vPry ltttl.- (2.0':). 

It follows that d~ring those dayi; wh.-n th.­
averaJP wind-speed is 4 knots or less, the oxygen supply 
by di!tusion may be only 3.E,,:. ot that when winds bet .... .-en 
10 - 21 knot.a blow ~hroughout the day . Hence, there may 
be a di1ference in supply ot nea1ly 30 times bet.ween cal m 
ad w1nuy days. This d1ffe ~nee ay be larJely responsible 
t ,r thn occurrence of "ithor anoxic conditions in the 

satu atec oxyJ n 
conditions as shown in Figu1n 11. Hownver, the amount ol 
vertical ~1x ng 1e also 1~portant, but as ti& a oo 
1ncreases with wind s~ed and wavn act.ion 1t is 1mposs1bl e 
to separat" its et!ect trom that of diffusion al ne. 

The rema1nir.9 sou1ces of oxyc,en a1 1ply to 
Ku,gston Har l.>our are the phytoplankton and bonth1.c plants 
w111ch 111ve o!f oxygen in th day dur1n9 phot.015yr,thesie. 
we have seen tl,at during plankton blooms . the concentrati on 
of o xygen in the aurface water may increase eign1.ficantly 
and that ,,,.... iately above tu1tle graas beds supe satura­
tion freque ntly orcura. H~ver, it has not !:ieen poaaibl.­
lo meaoute t.tu coutribut ion t:,y t.heae source IP to oxygen 
1n tho 111,rl.x.>ur a r.<l henc:ft tl,e r role in t.he oxygen budget cannot l,c quant1fien . 
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3. OXYuEI< DEM/IND 

Tho demand for oxygen 1n any ayatem l1~e 

K1n1sto1 Harbour 1s exerted by~ n~~bor o! factor& 

occurr1ny in the water and on the bottom. Jt ia the 

total o! tt,eir oxy"er, Je:nands at any one t.imE" which 

determine& how much of the oxygen supplied to th 

syatem is used up and i~nce how much rel'.lain~ in solution 

in tho wat<'r. The factor& which exP.rt thio oxy11un 

de:r.antl are tt.eretore ai&cussed below. 

3.1 The Water 
Thll pattern of oxygen demand by the water as 

detcr1bed .u, Part 2 of this report 1a clenl. Tho hign~at 

B.O.D's occur in llunts Bay (avg. 7.25 ,g, .) an tl.e 

lowest in tho Outer Harbour (avg. J.!,l my/1). 'l'h• B.O.D's 

in the Inner !!arbour are intermed~ate an w I ce!1 e 

decline tow,uds the 1Jpp,u_sas1n (5.0~ - 4.0~ mg/l). 

Generally, lhe surface water exvrts a h1g.er oxyQen 

demand thdn the uottom water ard tho greatest d ~nd,ia 

exerted during thP rainy monthll. ThfJ higl, averuqo D.O.IJ's. 

of Kir,1aton I arbour contrast with ti lower value of 

2.0 mg/1· for tl\e open 11ea near Lim.e cay . ~'urthermore, 

the harbour water exerta periodic excessive demands 

during plankton blooms and after flood rains which the 

open-aea water never doea. 

Within the water column·in Kingaton Harbour 

a numl>er of factor• may be reaponaible for the high 

B. O.D's. Some of these are diaaolved organics, su&pended 

aolida includ1ng detritus, and plankton. In order to 

deter111ine the relative contribution by each of these to 

the total oxygen demand axe-.-ted by the water, a number 

of experiments waa per(ormed uainq water obtained from 

each of the main aection• of thP harbour. 
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Firstly, samples were obtained during fairly 
normal conditiops (B.O.D. 2.3 - 7.8 mg/1) and portions 
filtered through either Whatman no. l filter paper or a 
sintered glass crucible . The B.o.o.

5 
of both filtered 

and unfiltered portions were then determined in order to 
measure the reduction in oxygen demand due to the removal 
of all particulates. The results shown in Table 16 
reveal that under these conditions, filtering the water 
and therefore removing the particulates caused an average 
reduction of only 13.5% in the B.o.o5 (or, for a few 
samples, 20.0% in the ultimate B.O.D. ). Honce,we may 
conclude that under normal water conditions throughout 
the harbour, particulate matter in the water does not 
account tor the high B.O.O. levels. This must therefore 
be due largely (at least 80,: ) to soluble organics. 

llo..:,ver, the data in Table 16 alfO reveal 
that tl>P reductio n in B.O.o.

5 caused by filtering 
out the p,'lrticulates was highest in Hunts Bay ( 17. l ~. 
and 19.2%) where turbidity is greatest, thus suggesting 
that there may Ix- some connec"tion either directly 
or indirectly between B.O.D. and suspended solids. 
In order

0

to test this, a plot of mean B. O. O. against 
m.-an suspended solids for eac h o[ the 5 monitoring 
stations was made. The 1e sult • hown in Figure 2~a 
further &uggesto a correlation between the two. 
Finally, a p l ot was made of B. O.O. against s uspended 
solids for more than forty samples throughout the 
harbour (Fig . 26b). The results in thi~ case show 
that whereas there i:; generally much scatter between 
B.O. O. and suspended 90lids in the lower ranges 
(B.O. D. lees than 5 . 5 n,g/1), the relationship 
i!> much better at t he h igher l e v..i.e. 
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Table 16: The a.o.o. values (1111g/l) for unfiltered 

and !iltered harbour water. 

sample Unt1-ltered Filtered Reduct,on 

O\lter Harbour 2.3 mg/1 2 . 0 mg/1 13-~ 

llunts Day 7.0 5.e 17. l 

Jlunts Bay 7.8 6.3 19.2 

Inner J!arbour 6.0 5.8 3.3 

loner Harbour 2 .ll 2.< 14.3 

lnner Harbour -2.:2. ....!.:.!L ...ll.:.L. 

Average 5.2 4.5 13.5 
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These results can be interpreted to mean 

that the effect of particulates on B.O.D. may only 

be significant above certain levels and that these 

levels only commonly occur in Hunts Bay. Thus , 

throughout the rest of the harbour, and for part of tha 

time in Hunts Bay, suspended particulates in the 

water may not exert a significant oxygen demand. 

Since a measure of suspended solid• does 

not differentiate bet-en live and dead material, an 

attempt to correlate B.O.D. with live particulates 

{phytoplankton) at the lower concentrations was made 

using data supplied by Ors. J, & E,s. Grahame. 

B.O.D. was plotted against Chlorophyll a and Phaeophytin 

concentrations {Fig. 29). However at these B.O.D, 

levels {2.0 - 4,0 mg/l) no direct correlation could 

be determined. 

All these results indicate very strongly that 

at B.O.O. levels around the average in Kingston Harbour, 

suspended particulates (live and dead) do not exert 

much oxygen demand. Hence, the vast majority must 

be exerted by soluble organics in the water. These 

no doubt consist of normal land discharges, waste 

effluents and metabolic byproducts of marine fauna and 

flora, but it is impossible at this point to assess 

their relative contributions, 

Aa reported earlier, the B,O.D.may increase 

to several times the average value during plankton 

blooms and indeed it is at such times that the maxiaum 
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oxygen demands are exerted. Furthermore, oxygen 
levels then fall to their lowest and remain so until 
the blooms disappear. We may well ask what is it 
that exerts the high oxygen demand at these times. 
Is it the same dissolved organics that arc responsible 
durir>9 normal conditions? 

To answer this. filtered and unfiltered 
samples taken from red-tide water were measured 
for their B.O.D. The results giva,in Table 17 show 
that on average filtering the samplP produced a re­
duction in B.o. o.

5 of 52 . 5¾ and a reduction in the 
ultimate B.O.D. o! 59 .5% . These figuree for red-tide 
water are appreciably higher than those obtained 
under normal water conditions and show that unlike 
then the oxygen demand by particulates actually exceeds 
that of the soluble organics. Furthermore, this 
increased oxygen demand by particulates can be attributed 
almost entirely to plankton since outside the blooms 
there is no evidence of greater detritus. 

The data also show that during plankton 
blooms the demand by soluble organics also rises 
above the normal. Host, if not all of this increase, 
can be attributed to metabolic byproducts of the 
plankton since like the detritus, it is not evident 
in areas outside the bloom. 
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Hence, it is safe to conclude that the 

greater oxygen demand during a plankton bloom is 

exerted primarily by the particulates ( live and 

inert) and only secondarily by metabolic byproducts. 

Other soluble organics appear to exert no more 

demand than at otl,er times. 

No attempt was made to differentiate 

experimentally between the oxygen demand exerted 

by phytoplankton and zooplankton during a bloom 

in King ston Harbour. However, Grahame (1974) 

has shown that the increase in pnytoplankton 

populations duri ng one bloom he s tudied was closely 

paralleled by a similar increase in the zooplankton. 

Al.so Seki il al (1974) have demonstrated that 

duri ng a red tide in Tokyo Bay, the contribution 

to oxygen consumption by the zooplankton was 

significant due to its g r azing activity resulting 

in increased phytoplankton growth and t he rapid 

transportation and sedimentation o f o rganic materi al 

from the surface to the bottom. The latter was 

further mainly responsible for the formation of 

an anoxic layer in the bottom water since phytoplankton 

was absent at this depth. Hence the contribution 

of zooplankton to oxygen consumption could possibly 

be just as importan t as the phytoplankton during 

blooms in the harbour. 
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Table 17 : 

Sample 

The Biochemical Oxygen Demand _(rng/1) of unfi ltered and filtered 

water samples taken from red-tide water in Kingston Harbour. 

B . O. D. 5 
B.O.D. ultimate 

Unfiltered Filtered % Reduction Unfiltered Filtered % 

Outer Harbour 16.9 mg/1 10.4 mg/1 38.5 26.0 mg/1 16.0 mg/1 

Hunts Bay 19.8 7.8 60.6 30.8 9.6 

Inner Harbour 13.0 7.2 44 . 6 1 9 . 5 8 .5 

Inner Harbour 15 . 5 5 .4 65 .2 21. 3 5.5 

AVERAGE 16 . 3 7.7 52 .2 24.4 9 . 9 

Reduction 

38.5 

68 . 8 

56.4 

74.2 

59 . 5 
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Some evidence for th1s is given in Table 18 

in which the relative contributions to tt OX)I n dc::,and 

by dif!erent fractions of the plankton (phytoplankton, 

zooplankton plus faeces, roetabolic byprocu ts) ,e 

oatimstod baaed on dats presented earlior in Tables l& 

and 17 and some given in Steven's (1966) paper en a rod 

ti"e 1.n Kingston Harbour. Th" table shows that during 

plenktor, blOOflls, the n.o.o. increases by about twice th,. 

ave=ago. Tho increase due to soluble or a 1co sonly 

0.7 - !old while thc inc1oase due to all particulates is 

more than 11 - fold. 1:owever, .Steven' & c a s w only a 

.o 6 - fold incxease in phytoplankton concentration 

during the bloom he studied. If these figures are typical 

an,1 th, phytoplankton• a oxygen demand is proportional to 

1t11 concentration, then the remain:1.n~ inc1easc in oxygen 

dva,and exerted by all particulates (5 to 7 - fold) must 

1.,c due to the zooplankton and the !aecea <JOnerated by it. 

Uence, these results, although tentative, support the 

view that increa~,d zooplankton at the ti""' of a bloom 

are just as important as the phytoplankton in utilising 

the cxygen. 

Although the average increase in e.o.o. during 

plankton blooms is 2.1 times the normal, increaaos as 

great as five ti-a have also been record•d on e>ecaaions . 

It is now clear that these large increases must be 

attributed almost entirely to the oxygen demand 

exerted by plant and anio al cells which proliferate at 

such times. 

• 
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Tabl~ 18: A comparison of Phytoplankton concent rat ion 

and B . O.D. (mg/1) in Kingston Harbour during 

normal conditions and plankton bloo.~s. 

(Phytoplankton data from Steven, 1966) 

Normal lllooros Increase 

Phytoplankton 

(cells/m3 ) ll20xl06 7830xl06 x 6 . C 

Chlorophyll a 

(mg/m3) 2 . 57 13.70 X 4 . 3 

B. O. D. (total) 5 . 2 16 . 3 X 2 . 1 

B. O. D. (eolubl e ) 4 . 5 7 . 7 X 0 . 7 

B. O. D. (particulates) 0 . 7 8 . 6 x ll.3 

B. O. D. (Phytoplankton) approx. X 4 - 6 

B. O. D. (Zooplankton & faeces) approx . X 5 - 7 
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3.2 The Bottom ~di-.nts 
The biochemical oxygen demand o! bottom 

&edi,.,ents in Kingston Harbour w"• measured in a nutnl,or 
of waya. Firstly, 5 cc . of freshly collected S(diment 
ta~en by a small van Veen grab was placed along with 
water of a predaterrnin~d 8.0. D. in a Hach manometer 
sample boltla and the D. O. D. o! the water plus &edi!"'lnt 
measured. Knowing th• B.O. D. of the water alone, that 
o( the sediment was oLtained by difference. The water and 
aedi,.,,,nt mixture was vigorously stirred throughout tho determination . 

The results are given in TaLlo 19 with the 
e.o. o. • s express, d as ll'J.ll.1.,1ral!'.a oxygen pe, litr of 
'-Od1ment. l'his m,•asure gives a good comparison of the 
oxygen de,:iand by the e,,dir- ts tr - d f fer.,Pt p., ts oC 
thf' harbour and shows not unexpectedly that the Hunts Bay 
s, clirr..,nts exert the laghest de"'8nd. •• reove , u, .. clacl.i.r.., 
i1 e . o . D. of tl,e sedim,,nts outside of Hunts Bay 18 vary 
airnilar to tl,at o! the water with a <,10neral reduction up 
th<> Inner Harbour and towards the outer HarLour. How­
ever. this ,ieasu,e does not indicate how much oxyt:en r.,ir1ht 
actually be conswoed in the field since it .i.s related to 
the volume ot resuspended 111aterial and there is no r.>ethod 
oC equating thi~ with actual conditions. 

In ord,, to •ere e th s problem, a socond 
1neasure of l,er,thic oxygPn d.,,.,and was d1>vised. in thi" 
case , late, to re c bott - ~ iment. In tho f i r st 
ot. lhet..o e>.:pnJ·ime11ts, tndimont sampleo wero allow~d to 
• tle in the l!ach 11an0111Cte a.- le bottlefl to produce 
varying ttdcknes~ea ot 11edimf'nt (1, 2, 4, 8 cm) , 
unifor• ly coverin9 tho Lott of t e bottle (35 cc.2 arc-a) 

I 
I, 
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Table 19: The 5-day n .o.o. of sedim.-.nts in Kingston 

Harbour measured as milligrams oxygen 

per litre of scd,ment. 

Sample 8.0.o. 5 

outer Harbour (Station ll 3017 rng/1 

Hunte !lay (Station 3) 9717 

Inner Harbour (Station 4) 4717 

Inner Harbour (Stntion 5) 3417 

Inner Harbour (Station 7) 3417 
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With careful addition of water of a predetermined 8.0 . D. 

and without stirring, the B.O.D. of the water plus 

sediment was determined. The results for one station 

given below show that without stirring there was no 

significant increase in B.O.D. with thickness of the 
sediment: 

1 en, 4,943 mg/m2 

2 cm 4,743 

4 cm 4,057 

(i cm 5,685 

Avg. 4 , 856 

Hence, most if not all of the oxygen demand 

was exerted in the top 1 cm. However, since there is 

evidence that the bottom sediments in Kingston Harbour 

are not undisturbed, but show a worked area of approxi­

mately 1 cm. thickness depending on currents and wave 

action , it was thought that the B.O. D. per square metre 
of stirred sediment 1cm. thick would produce results 

closer to actual field conditions . Hence , further 
experiments were performed measuring the 8.0.D. of 

stirred sediments 1 cm. thick from each of the 5 

monitoring stations in the harbol.ll" and outside near 
Lime Cay and expressing the results in milligrams of 

oxygen per square metre of stirred sediment. These 

results are given in Table 20 along with the corres­
ponding figures for unstirred samples . 

The pattern of results can be seen to be 
consistent with other measures. What, however, is 

striking is the difference in oxygen demand between the 

stirred and unstirred samples, in the case of Hunts Bay 

II 
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Table 20: The 5-day a.o.o. of atirrPd and unst.rred 

aedunent aa plea l cm. thick froon Kingston 

Harbour and outside expressed a• rnillioraro■ 

oxygen per square metre (rng/m
2

) 

Jtirred UnstJ.tred 

OutAr Harbour (Station l) 20,454 rng/m2 2,960 mg/m
2 

Hunts Say (Station 3) 57,543 5,228 

Inner H,nbour (Station 4) 33,284 3,425 

InnPr Harbour (Station 5) 24,854 3,653 

Inoor Harbour (Station 7) 22,968 3,653 

Open Sea 12,273 2,503 

01.fterence 

X 6.9 

xll.0 

X 9.7 

X 6.0 

X 6.3 

X 4.5 
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by as much as oloven times. This indicates cl. arly, 

that under difforent current and aea conditions, there 

may be large differences in the oxygen de, and exerted by 

the bottom sediments. 

Based on the mea1>ured oxygen demands of the 

water and sediment, it is possible to determine the total 

oxygen d .. Mand 

aa t'ollowa: 

r unit area in each sect 1, »n of t harbour 

Total n.o. D. po1 unit area equals the D.O.D. 

of the sediment per unit are11 plus th" n.o.o. 

of all the volume of water above that 11rea of 

sediment. 

Thus, for exa ple, (or station l in the Outer 

Harbour the total B.O. D. per square centimetre is 

calculated as iollows: 

(i) D.O.D. .. etlirnent 
2 

2 . 0 n,g/cm 

(ii) n.o.o. wator 3.51 mg/1 X 1.3 l . 
4.6 mg/cm2 

(iii) Total D.O.D. 6.6 rr<J/cm
2 

This Vdlue is 1.,.,sed on an average B. O.D. of 

the water at station l of 3.51 mg/1 and a depth o! 13 

metres· The B.O. D. of the sediment is that measured in 

the stirred condition. Ho-ver, two oth"r values are 

also c lculated tor different conditions: 

a) A minimum value using the average n.o.o. 
of the water and that of the unstirred 

aedi...,.nt: and 

b) A maximum value using the n.o.D. of red­

tidn water (avg . lb.3 mg/1) and th< stirred 

~.-di111ent. 

' 
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Tc:tblc 21: Tt.P norrihtL, ini,1ui., and n\4Ximum n .. o.D. 

of water and sPdirnont f""t square cont1metro 

for the~ mon1tor1ng stations in Kin9~ton 

Harbour and for the open sea n~ar Lin,c Cay. 

outer Harbour 

Hunts Bay 

Inner Harbour 

Inner Tlarbour 

Inner Harbour 

Open sea 

(l) llormal 

Pl Minunwn 

(3) Haximura 

1-or&Nl(ll M1nimum( 2 l .M.txin:wn ( l) 

----- 2 2 

(Station l) b.6 mg/cm2 4.9 mg/CIII 23.2 mg/cm 

(Station 3) 7.9 2.7 10.6 

(Station 4) 9 . 4 6 . 4 22.8 

( tat1on 5) 9.4 7.2 26.9 

(St11t1on 7) 9 . & 7 . 7 31.C. 

3.8 2.9 3 . 8 

a.o.o. norn l water+ stirred sediment 

l cm . thick . 

B. O. D. nonu. water+ unatirred sedi111ent 

l cm. t h ick. 

B. O. U. red-t~de water+ stirred sed1n~nt 

(except for open sea which do,,s not 

experience plankton blooms). 
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Tho results of t. .. z,e calculations for each of 
the S mon1.toring stations w1thin the harbour •r.<l for thP. 
oi"'n aoa noa, Lime c ... y are given in Table 21. For eacl, 
.station, the average a.o.o. of tho water Utl<'d is baaed 
on the data presented in Table O. 

The calculations (Appendix 1) reveal that 
except for Hunts Bay, the oxygP.n de"'~"' exP.rted by tho 
water under normal conditions ia on the average l.~ times 
that exerted by th@ ae<liment. In Hunta Hay, howover hP. 
oxygen demilnd exerted by the sediment is 2.65 times that 
exerted by the water. On the ot ,.,r ha .d, d ring plan ton 
blooms, the a .o.o. exerted by the water outside Hunte Bay 
increaaes to 9.76 times that exe ted by th., aedi nta 
while in Hunts Bily, tho B. o .o. of tho water ris<>a to o.85 that or tho sediment. 

1'he conclusion to be drawn from these figures 
1.a that under noni.al Condit ons outs1.o oC lunts Bay and 
under all conditions in Hunts Bay, the sediments exert a 
proport1.onately aignit1.cant oxyg n d, and. 

Finally, th~ resu.ts in Table 21 •how t, at under 
notmal conditions, the total oxygen demand of stntion 7 
in the Inner Harh.ur (Upp,,r Basin) wh re th~ gre, test 
derr.and is exert ed is 2.5 times that in the open soa near 
Lune Cay. However, during plankton blooms. this .ay 
riao to 8 . 3 times. 

' 
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4. OXYGEN BUDGET 
Having considered how oxygen i• supplied 

throughout Kingston Harbour and what th de~4n Cor 

oxygen is, wo can now attempt an asaeaer,ent of the 

supply versus deru,nd budget. In doing so, we shall 

deal with each section of the harbout ooparately. 

We have seen that under norrcal conditions, 

the outer Harbour near its entrance ie nearly always 

saturated with oxygen or JUSt undersaturated • For 

purposes of diecusaion, we will ass~ s~turation as 

the norm. Hence, the oxy11en dofl'and (6.6 ,ng/ct't
2

) ia 
that 

1e9ularly satisfied .:J'f the supply. If we ass 

each tidal cycle cor.-.pletely rf>places the water at .itation 

l in the Outer narb< ur with clean open-ae<1 WiltCt, then 

the supply Ly flood tide would be a inult.iple of the 

oxygen concentratien of the nPw water and its volu.,,... 

Thf>refore for eacn square centi.roetre o! OUte• Hatbour, 

this is: 
6.2 rn<J/l x 1.3 l 

which, in fact.is in excess of the de::iand. 

The assumptions or normally snturalod water 

And comolete tioal repl .. cerrent in the Outer Harbour may 

be slightly gen8rous, boJt tt,eae are 111ade so as to provide 

a suitable reference for cocnparison with the Inner Harbour 

and Hunts Day. If anything, these assumptions will lead 

to a more favourable oxygen budget in these patlll and 

thus will not make the problem of oxygen deficiency seP• 

worse than it really is, 

Earlier in the discussion on oxygen aupply, 

w• concluded that the upper Basin section of the Inner 
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Harbouz:- (Station 7) received no more t h,in 9 . 4% pez:- unit 

area of the supply of the Outer Harbour on each f l ood 

tide . 1•hus, 9 . 4% of 8.06 mg/cm2 would yield a tidal 

supply of only 0 . 76 mq o 2/cm2 . Similarly for Uunts Bay , 

the supply would only be 7 . ~ of 8.06 mg/cm2 which is 

o . ~o mg o2/cm
2

. Both of these figures are far short of 

the estimatP.d oxygen demands exerted in these areas and 

leave deficits as follows: 

Upper Basin: 9.6 - 0 . 76 8 . 84 mg o 2/cr~ 2 

Hunts Bay 7.9 - 0 . 58 7 . 32 o 2/cm 2 
"KJ 

In other words, each flood tide in the Upper 

B;asin satisfies only 7 . 9% of the oxygen demand, and in 

Hunts Bay only 7.3%. If the water is to be saturated 

with oxygen , ,the remainder must therefore be supplied by 

one or other sources of oxygen . In practice, the atmos­

phere has been found to be the major source in most of the 

harbour and saturation only occurs under the very windiest 

conditions (see Figure 11) . 

Hence, when the Upper Basin is saturated with 

oxygen on a very windy day (wind speed 10 - 21 knots), 

this wind may be responsible for 
2 oxyJ en demand or 8 . 84 mg o 2/crn . 

than 4 knots) when the suppl y by 

suppl ying 92.1% of the 

on windless days (less 

wind is only 3 . 6% of 

, at of very windy days (diffusion is directly proporti onal 

to the square of the wind velocity - Kanwi sher , 1963), the 

oxygen supply from wind falls to 0 . 32 mg o
2
/cm2 and the 

total s upply from wind and tide to 1 . 08 mg o 2/cm2 . This 

leaves a huge deficit between demand and supply of 

8 . 52 mg o 2/cm2 . Spr ead over 18 metres of water, this may 

resl.lt in a dissolved oxygen deficit of 4 . 7 mg/1 or a 

d i ssolved oxygen level of 1.5 mg/1 . 
II 
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Th<' l1'.}cre" bear close rf"semblanc<> to tt,e 

actual con<llticr.t we have mon1 tored at st.at ion~ 5 and 7. 

Thd.t 1.a, on very w1nJv days t.l1ere may be: 1u:1tur11t1on to 

all depth.-; vhilc on "'indl<>,es days, the conditionn tend 

to,..,rds anox1a. T1,ey thu& provide furth"r support to lhe 

contention that under n, al conditions, the D.O. levol of 

the wat<>r in the Inner 11arbour ,s determined very larC)ely 

by the amount of wind and only in a minor way by the tidal 

flow. 

The eituat1on is the sa!"'1 1n Hunts llay and 

figures may be produced lo ~how that. because o! its bl11lllo-. 

ueptli, a uxia resu.1.t:F ,-ven .,. ,,.e c;uickly on ,nndle11s days. 

Conllequontly, any ovrr,,11 reduction of wlri<I or t.he effects 

of wind ~ucl1 as w ve ! 11' ati<" ust. result in a 'rapid 

dP.clinc ot oxy,1en level ,11.d th1:o. fnr .,x.,.,ple, l. exactly 

w!ust has h1.11,>µcncc! with construction cf thr cautr.-waf. 

'l'he conditionu discussed so far have l.><>on 

regarded aa normal · th t i:o, with th" ,..,.tPl exerting 

avcrag" B. O.D' s . llowevP.r, duung plankton bl00"1s, the 

a.o.o. of tl:e water increases coneidorably and thP total 

oxygen oemand o! water 1ir,d sediment -Y ri&e two to thrc" 

times (except Hunt& Bay). Wh,rn thi• occur 11 , the oxyqPn 

dem.trod in the !nner P.arbour far exceeds the pooaible supply 

by wind and tide and anoxia re~ulta below the phot1c zone 

(aee ~•ig. 12) . II< ,ever, in the Outer Harbour, the &upply 

of oxygen i11 eu!ficient. to prevent 11noxia although there 

ia a significant reduction in u . o . level. 

If the oxygen budqnt of ~ingston Harbour 

(especially the Inner I arbour and llunts !lay), ia to be 

improved so as lo prevPnt oxy~en deficits for all or most 
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of the time, then the oxygen demand must be reduced and/or 

the supply increased. At the present level of oxygen 

supply during average wind conditions , the demand for 

oxygen by water and sediments at station 7 must be reduced 

to 7.38 mg o 2/cm2 so as t o result in a 100% saturation level 

(see 1,ppendix 2 for calculations) . Assuming that the oxygen 

demand of the sediments will not be reduced until some time 

after the general oxygen conditions have been improved, 

the total oxygen demand will then be: 

B.O.D. sediment 2.29 gm/cm2 

B.O. D. water 5.09 gm/cm2 

Total 7.38 gm/cm2 

For 18 metres depth, this means an average B.O. D. 

of the water of 2 . 82 mg/1 . At present, the average B.O . D. 

of the water at station 7 is 4.05 mg/1. In order there-

fore to accomplish 100"/4 saturation at average wind speeds, 

the B.O. D. will have to be reduced Ly 30-X. . This , however, 

is a considerabl e reduction which would bring the B . O. D. 

of the Inner Harbour water to a condition intermediate 

between that which now exists in the Outer Harbour and the 

open sea. 

Alternately, instead of reducing the oxygen 

demand, the supply of oxygen by tidal flow could be improved 

by opening a channel to the open sea in the eastern end of 

the harbour. Without at this time considering the merits 

of such a scheme, the calculations (Appendix 3) show that 

such an opening would have to improve the oxygen supply 

by tidal flow from 0.76 mg/cm2 to 4.54 mg/cm2 on each flood 

tide, or an increase to nearly 6 times the present amo~nt 

for 100¾ saturation to be achieved under normal wind 

conditions. However, under this scheme, the increased 

II 

' 
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tidal flow would have to result primarily in improved 

circulation of the bottom water, since the oxygen supply 

would be most needed there . Hence , a surface connection 

alone between the Inner Harbour and the open sea would 

almost certainly be inadequate. 

The above discussion refers to the Inner 

Harbour, especially the Upper Basin where oxyger, conditions 

are worst, but the same kind of strategy is needed to 

improve conditions in Hunts Bay. However, here it is 

estimated that because of the extremely high oxygen demand 

of the sediments, reducing or removing the B. O. D. of the 

water alone would not result in oxygen saturation and an 

increase in the tidal flow would therefore be necessary to 

achieve this condition. For examplek it is estimated that 

if the B.0.0. of the wate::- could be halved to 3.62 mg/1. 

then the tidal flow would still have to be increased to 

nearly ten times to result in oxygen saturation (Appendix 4). 

This, could only be done by making a major modification 

to the present opening. 
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5. DISCUSSION 

From a practical point of view, reducing the 
B. O.D. in Kingston Harbour must begin with a removal of 
those factors which give rise to plankton blooms since 
these blooms exert the greateet oxygen demand which cannot 
be satisfied with the present oxygen supply. Thus. the 
nutrient concentrations will have to be reduced to a point 
where blooms seldom, if ever, occur or, at least, to pre 
1962 levels . This must therefore involve a reduction or 
complete cessation of the discharge of nutrient laden 
effluents to the harbour. 

It is impossible at this stage to quantify this 
reduction, and more work is clearly necessary to identify 
the various levels of nutrient input and their effect on 
concentrations in the harbour. However. lack of these 
data to date in no way invalidates the point that nutrient 
reduction is necessary so as to prevent the frequent 
occurrence of plankton blooms. 

But even if plankton blooms are reduced or 
stopped altogether, oxygen demand by the sediment and water 
will still exceed the supply throughout moat of the harbour. 
However, since there is no direct way of reducing the 
B. O. D. of the sediment other than by dredging it out, and 
since most of the oxygen demand of the water is exerted by 
the soluble organics, it is at this fraction that the e.o.o. 
reduction will have to be directed . To do this, a re­
duction of soluble organic waste discharges to the harbour 
is essential. However, as ia the case for the nutrients, 
this cannot yet be quantified although it is estimated that 
its end result must be a B.O.D. reduction of the Inner 
Harbour water of not less than 30%. 
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Finally, it should be realised that even if the 

B.O.D. of the water in the Inner Harbour was reduced by 

30%, oxygen deficiency would still occur under windless 

conditions providing the present tidal circulati@n is not 

improved. Since there is no reason to believe that this 

circulation has at any time been better than it now is 

(except when tbe Palisadoes spit was a series of i slands) , 

this means tqat occasional oxygen deficiency has pr~bably 

been a feature of the Inner Harbour for some time, at least 

since the present sediments accumulated. llence, complete 

saturation under all conditions in the future cannot be 

expected merely by restoring the water quality. 

If tidal circulation in the Inner Harbour is 

to be ~mproved by operung a channel to the open sea, then 

considerations other than those concerned wi.th oxygen balance 

must be taken into account. Since these considerations 

are outside the scope of the present discussion, they will 

be returned to later in Part S of this report. It should 

be sufficient to state at this point that although opening 

a channel could increase the tidal circulation and so 

improve the oxygen balance, it is likely that certain other 

effects caused thereby could create new and greater 

proble,ns in terms of harbour stability . Hence, such a 

scheme should therefore be approached with great caution. 

The incomplete and tentative nature of the 

results of this oxygen balance study must again be stressed. 

For, although they indicate the level of the problem and 

give insight into the kinds of remedies that are possible, 

they cannot be used for accurately designing corrective 

measures. That must await a more thorough and comprehensive 

study including not only a more careful investigation of 
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the oxygen supply and demand budget but also an 

inventory of the various discharges reaching the 

harbour which contribute to its organic and 
nutrient store. 
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6. SUMMhR¥ 
(1) 'I'he distribution oC o><y-Jen in Kingaton 1!11rbour 

is the net reault of all thoae factors which supply oxygen 

to the system, and all those which use it up. The distri­

bution pattern described in Part 2 indicates that thia 

supply and demand picture is quite different for each 

section of the harbour. 

(2) Based largely on theoretical assumptions, it 

i• eatimated that oxygen supply by t dal !low in the outer 

Harbour ia at leaat ten ti.mea greater than in the cadtern 

end of the Inner Harbour (Upper Baain) and at least thirteen 

times greater th11n in llunts t.,y. 

(3) However, the oth na or source of oxygen, 

diffuaion frOI!\ the atmosphere, is probably the aame 1n 

the Outer and Inner Harbours although it ia likely to be 

lP•s in Hunts Bay. D1ffusion 1s, h,,...,ver dcp ndent on 

wind velocity and this may vary gr.,atly with tirnc of day 

and season. 

(4) It is estif!lated that under average tide a nd 

wind condit1ons, tidal low supplie~ lesa than 15" of the 

oxygen to the Upper Basin, while in Hunt• Bay, it supplies 

leaa than 35"· Thus moat of the oxygen CO"\CS by diffusion 

froll'. the atrnosph'lre and during windless conditions, the 

supply fall• off to very low anounts. 

(S) Under average c on1itions. most of the o,cygPn 

demand ( > 80%) oxerted by the wat"r in all sections of 

the harbour mny ~ attributed to ai solved organics. Hence, 

the O.O. D. level do.,s not shew any relat1onsh1p to susper,ded 

a,:,li,ds except poasibly Jn Hont s B~y. 

(6) HoWPvf>r, during planl\ton bl001'1s when tho r.o.o. 

nu,y increasft 3 t o 6 tir.,Ps norr•al. moat ol th., oxygen 

dP.mand (>5<7. l is exerted by the planl\t.on. It 
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has been suggested th«t phytoplankton and zooplanktou 
may be equally respon~iblc for the incieascd B.O.D. 

(7) ThP D.O.D. of the t'edimenls in Kingston 
!!arbour show a <Jimilar trend o( values as th<- wat<>r, 
that is with Hunts Bay beinq the highest and the Outer 
Harbo,.r the lowest. However, the actual oxygen demand 
exerted by the sediments in any one place varies greatly 
depending on its disturbance. For example, the B.O.O. of 
the sediment 1 cm. thick in Hunts Bay may increase by more 
than ten times if it is ~tirrr.cL 

(8) Under normal conditions in the Outer and 
Inner HarLours,demand exerted by the wat<-r per unit area 
is approximately 2 . 5 times that exerted by the sediment . 
In Hunts Bay, however, the oxygen demand rxerted by thr, 
sediment is 2.6:; times that ex,·rted by the water. During 
plankton blooms, the B. O. D. exerted by tho water in tho 
Outer and Inner IIArbours inctoases to 9 . 76 times that 
exerted by the sediments, while in Hunts Bay the B. O. O. 
of the water rises to 0.85 time that of the sediment. 

(9) The supply of oxygen a t the entrance of the 
Outer Harbour normally satisfie~ t he demand by water and 
sediment. In the Inner harbour and Hunts Day, h0\>1~vrr, 
the demand normally exceeds tl.o supply and there are 
oxygen deficits. 

(10) For supply to equal demand in the Inner 
Harbour, it is esti"'3ted that a 30% B. O.D. reduction of 
lhe water is necessary, providing that there arc no 
increases in the oxygen supply. Al ternately , if there is 

Nati
on

al 
Lib

rar
y o

f J
am

aic
a



- 131 -

no reduction in o>:ygen dem<l:nd, it is estimated that oxygen 

supply by tidal flow would have to be increased to six 

times the present. 

(ll) A 30% reduction in D.O.D. of the water would 

require an improvement in its quality to a condition 

intermediate between that which now exists in the Outer 

Harbour and the open sea near Lime cay. 

(12) A six-fold increase in tidal flow could 

possibly be accomplished by creating a channel between the 

eastern end of the harbour and the open sea. However, 

this flow would primarily have to increase circulation of 

the bottom water where the oxygen need is greatest . 

Furthermore, opening a channel could produce some undesirable 

effects. 

(13) In Hunts Bay, reducing the B.O. D. of the 

water alone would not result in oxygen saturation since 

so much demand is exerted by the sediments . It has there­

fore been estimated that if the B. O. D. of the water could 

be reduced by SOo/, , then the supply of oxygen by tidal flow 

would have to be incr~a~ed to nearlv ten times the present 

to satisfy the demand. It seems that this could only be 
accomplished by altering the configuration of the opening. 

(14) In order to reduce the oxygen demand of the 

water in Hunts Bay and the Inner Harbour to the necessary 

levels, priority must be given to removing the causes of 

plankton blooms. This will obviously involve a ,:eduction 

in the nutrient levels of the harbour by the control of 

nutrient- laden discharges to it. Although these reductions 

cannot be quantified at present, they are believed to be 

substantial. 
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(15) nut e•:en when plankton bloor:ia are controlled, 
thn oxygen d.-~and ex, rted by the soluble organics in the 
wator will be ><> ~ Thus, thin will 11lso havo to be 
redU<:<'d hy a reduction in tho clisch,1rge oC all aoluule 
organic matt<'r o t harllour, r;,c,rhaps by as ::ru,:h ,.. 5°" 
or mc:ne . 

(16) IL is anticipated that even 1f e.o.o. 
redu::tion or thP "'"tor takes place in the .nne r , ,rbour, 
periodic oxy,JPn deficH•ncy will occur during w,ndlei,s 
eondi tions . In fact this has probably bet n a ft>at•ae of 
Kingston Horl,our for acme timo, at least e1nce thr. present 
t1odir:icnts 11ccW!1Ulated en the bottom. cr,ly a c01r.pl te 
r,.moval of thcu10 sedi::,cnt,. <>r 11n increase in tidal tlos.· 
c11n prevent this condition . 

(17) 

ntal 
l>'hile tho results ct this study are incomplete 

they ve 1ndic.itod the 1 l o th, xyg, r 
problem in l.ingston Harbour and hPnco givn som .. insight 
1nt the } • f rP, dies that Might bE .. sibl, . -0ok" 
,,t in ;,ny w11y, th•• probleo, and its remedies must be 
regard d to be of major proportions. 
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APPE!IDIX l 

Calculations for th" determini,tion or total 
oxy9en demand of water plus a<:>dimcnt at f!ach of the 5 
main monitoring stations in Kin9eton Hatbour and 1n the open 
seA near Lime Cay. 

StAt on 1 

a) 

b) 

c) 

B.O. D. nonia. water 
a.o.o. red-tide water 

3.S ,g/1 
• 16.3 mg/1 

OPptt- l 

Norrnal Condition,: 
B.O. D. watet 3.51 ""}/1 X 13m X 10001 

= 4.56 r«;/cm2 

n.o.o. sediment 1.:£.! ...,,,;cr-,2 
Total 6.60 "'9/cm2 

Mini.r.iu : 

B.0. 0. water 4.56 m,g/cm2 

.o.o. sediment ~ .Q.,_JQ mg/ cm 2 

Total 4.86 mg/cm 2 

MJlximuo: 

8 . 0.D. water •21 . 19 mg/cm2 

ll.O.D. sediment = 2.04 m,g/cm2 
Total ~ -q/c,.2 

Station 3 

n.o.o. normal water 
0.0.0. red-tid~ water 
Depth • 3m 

• 7.25 ffl')/1 

• 16.3 mq/1 

lOOOOcm2 

' I 

,, 

: 

I 

I 
I 

I 
I 
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a) Jlonul conditions: 

e.o.o. 2 . 17 11>9/cm 
2 

water 

B. O.D. sedimt>nt - 5.75 mg/cm
2 

Total ~ '"9/cm2 

b} Minimum: 
e.o.o . water 2.17 mg/cm 

2 

e.o.o. sediment. .. 0 . 52 mc;i/cm
2 

Total ~ mg/=-2 

c) Maximum: 
e.o.o. water 4 . 89 mc;i/cm

2 

B.O.D. sediment • .i.:.,U. mc;i/cm 
2 

Total 10.64 1n9/cm 
2 

Station 4 
B.O.D. normal water 

e.o.D. red-tide water 

Depth s 12sa 

5.05 f<'9/l 

• 16.3 mg/1 

Normal Condi tions : 

B.O.D. water 6.06 mg/cm 
2 

e.o.o. sedin,nt C 3.33 '"9/cm2 

Total ~ reg/= 2 

Minimum: 
D.O. D. water 6.06 mg/cm 

2 

e.o.o. sed nt Q.,.ll irg/cm2 

Total 6.40 r,g/cm
2 

Maximum: 
B.O.D. water • 19.56 mg/cm 

2 

B.O.D. sed1-nt ..2:1l a,o/= 2 

Total ~ 22.79 mg/cm
2 
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Stat on 5 

a) 

b) 

c) 

s.o.o. normal wat~r 
o.o.o. red- tide water 

4 . 58 ""1/1 

• 16 . 3 rng/l 
Depth 15 m 

Normal Conditions: 
B.O. D. water - 6 . 87 mg/cm 2 
n.o.o. sediment • 2. 48 rrg/cm2 
Total ~ mg/cm2 

MinJ.mwn: 

n.o.o. water - 6 . 87 mg/cm 2 
8.0. D, sediment 0 . 36 mg/cm2 
Total . 7 .23 mg/cm2 

Maximum: 

o.o.o. water . 24.45 mg/cm 2 
8.0.0. ediment ~ rng/cr,2 
Total . 26 . 93 mg/cm 2 

Station 7 

8 . 0 . o . normal water 
n.o .o. red-tide water 
Depth • 18n, 

4.05 1119/l 
16.3 mg/1 

Normal conditions : 
a . o.o. water 
8 . 0 . D. sedimen t 
Totdl 

• 7 . 29 1!WJ/cm2 

• 2 . 29 1ng/cm2 

~ rng/cm2 
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b) Minimum: 

a.o.o. water 7.29 mg/cm 2 

B.0.D. sedimBnt ~ mg/cm
2 

Total 7.65 mg/cm2 

c) Maximum: 

8.0.D. water 29.34 mg/c11:i2 

B.0.D. sediment ~ mg/ cm 
2 

Total 31.63 mg/cm2 

Ooen sea 
s.o.o. normal water 2.0 mg/1 

No red tides 

Depth 13m 

a) Normal Conditions (and Maximum) 

B.O.D. water 2.60 rrq/cm
2 

B.0. D. sediment • 1.22 mg/cm
2 

Total Ll2 mg/cm
2 

b) Minimum: 

a.o.o. water 

Nati
on

al 
Lib

rar
y o

f J
am

aic
a



- 140 -

Appendix 2 

Calculations for estimating the necessary 
B.O.O. reduction of the water in order to achieve oxygen 
saturation at Station 7 (Inner Harbour) without increasing 
the oxygen supply, 

Present saturation level 66 . 1% (Table 7) 
Therefore present oxygen supply~ 66.l x 6.2 mg/1•4.lOnq 

• 4.10 x 1 . 8 l 7.38 mg/cm2 

To achieve 100% saturation, oxygen supply ~ust 
equal or exceed the demand. 

Since sediment oxygen demand 2.29 mg/cm2 
Oxygen demand of water must be reduced to 

7.38 - 2.29 5 . 09 mg/cm2 

Distr ibuted over 18 m, 

5.09 mg/cm
2 

5.09 + l.8 • 2.82 mg/1 

Present oxygen demand of 
Calculated oxygen demand 

= 30 . 37" reduction. 

water• 4.05 mg/1 
required 2.82 mg/1 
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Appendix 3 

Calculations for estimating the necessary 

increase in oxygen supply by tidal flow in order to 

achieve oxygen saturation at Station 7 (Inner Harbour) 
without reducing the B,O.D. of the water. 

Present oxygen supply 
Estimated oxygen supply by tidal flow~ 0 , 76 mg/cm

2 

Therefore oxygen supply by wind 7.38 - 0,76 
c 6.62 mg/cm2 

7.38 mg/cm2 

Since 66.1% saturation is achieved by 7.38 mg/cm..
2 

oxygen supply 
100% saturation is achieved by 7.38 x 100 + 6.61 

c 11.16 mg/cm2 oxygen supply 

Since oxygen supply by wind c 6.62 mg/cm
2 

oxygen supply by tidal flow must be 11.16 - 6,62 

c 4 . 54 mg/cm2 for 100% saturation 

Present oxygen supply by tidal flow a 0.76 mg/cm
2 

Calculated oxygen supply by tidal flow required 

4.54 mg/cm2 

~ 497 . 36% increase. 
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Appendix 4 

Calculations for eatimatinc;i the B.o.D. reduction 
and increase of oxygen aupply necessary to achieve oxygen 
saturation in Runts Bay. 

Preaent saturation level• 91.8%; 5.69 mg/1 
Therefore present aupply • 5.69 x 0.3 l • 1 . 71 mg/cm2 

Since present oxygen supply• 1.71 mg/cm2 

And oxygen supply by tidal flow• 0.58 mg/cm2 
Oxyc;ien aupply by wind ftl\lst be 1.13 r,g/an2 

If 8.0. D. of the water is reduced by 50% to 
3.62 mg/1 • 3.62 x 0.3 l • 10.86 mg/cm2 

Ar> oxygen de"'4nd by sediAents • 5.7 mg/ca2 
Then total oxyc;ien demand will be 5.7 x 1.07 • 6.78 mg/cm2 
Since oxyc;ien aupply by wind • 1 . 13 mg/cm2 
Oxyc;ien supply by tidal flow 111Uat be 

6 . 78 - 1.13 • 5.65 mg/cm2 

Preaent oxygen supply by tidal flow 0.58 mg/cm2 
Oxyc;ien eupply by tidal flow required 

• 5.65 mg/cm2 

• 874" increase. 

·-·- -----
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