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High Quality H20:
A Comparative Study of Pristine Forest Streams and Those Containing Agricultural Run-off

on the Island of Dominica

Kelly E. Crook

Abstract:

Dominica. an island located in the Lesser Antilles of the Caribbean Sea. is a COWltryknown for its
natural beauty and pristine environments. Agriculture is Dominica's main source of income. with banana
exports constituting 70% of the gross national product. TItis project intends to evaluate the effects of
agricultural practices on the water quality of fresh waters on Dominica. It is hypothesized that increased
amounts of nitrates and phosphates will be present in agriculturally influenced waters. due to the use of
fertilizers in farming. The study concludes that agriculture does not affect Dominican water ways in a
significant way. However. it is also concluded that the test kit used may not be sensitive enough to detect
contaminants. and that certain harmful chenticals would not be detectable at all by the performed tests. In
light of this. it is decided that water quality could possibly be lower than detected and because of this. the
comprehensive effects of agriculture on water quality can not be known without more extensive testing.

Introduction:

In a world where it is predicted that clean "vater will soon become a commodity more valuable
than gold. the Commonwealth of Dominica sits in a seemingly comfortable position. as fresh water flows
freely throughout the island Dontinica stands at the threshold of pristine natural balance and the modem
"civilized" world Slow to develop. Dontinica has the advantage of watching her sister islands develop
ahead of her. In this way. Dominica can learn from others mistakes and hopefully avoid the corruption of
culture and nature often caused by progress. 1t is the interest of this study to detem1ine whether or not the
fresh waters of Dontinica have been impacted by this progress. specifically of agriculture. Agriculture
currently makes up 70% of the Dontinican economy. with banana exports constituting the bulk of profits
(Alexander. personal communication). Bananas have been cultivated on Dominica since 1930. They now
constitute one half of exports and 40% of cultivated land. Fertilizers have been used since the 1980s.
Coconut, grapefruit and plantains are also major crops (Evans and James. I997b). Pesticides. herbicides.
fungicides and fertilizers have been utilized for several decades in order to improve agricultural output.
However. it has been proven that these additives that improve crop harvests often degrade the integrity of
the surrounding environment and disrupt the natural balance of the land and waters. Tile goal of this
project is to compare waters that carry agricultural run-off to those that do not in order to determine the
effects of the development of Dontinica as seen by chentical- enhanced agriculture. It is hypothesized that
higher concentrations of phosphates and nitrates will be present in agricultural run-oft: waters due to the
addition of fertilizers.

Materials and Methods:

- HACH Surface Waters Test Kit
- 250 mL Nalgene bottles
- 500 mL Nalgene bottles

Collection of samples was done so by the grab method. meaning that each sample represents the
conditions of the place and time of the taken sanlple (Lee. 19&0). Water samples were taken from ten
locations. with six pristine samples and four agricultural run-off samples. Pristine samples include Check
Hall River (from Charlie Johnson's data), Middleham Falls and the two falls below it (taken 5/20/2000),
Emerald Pool (taken 5/25/2000). and Titou Gorge (taken 5/27/2000). Potentially contaminated samples
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include Layou River. Indian River and a stream passing through agricultural area near the boundary of
Syndicate Parrot Reserve. Diablotin National Park (taken 5/22/2000). and Roseau River (taken 5/30/2000).
500 mL was collected of each sample, except for the three Falls. of which 250 mL were taken.
Temperature was taken in situ, while all other tests were performed in the laboratory.

pH
pH was measured using the HACH Pocket PaIT'"pH tester. Five readings were taken for each

sample and averaged. In order to make a reading, the pH tester was turned on and placed in the sample for
several seconds until a digital reading was displayed.

Ammonia Nitrogen
Two sample tubes were filled with 5 mL of sample water. Ammonia salicylate reagent was added

to one of the tubes. After three minutes. ammonia cyanurate reagent was added and the tube was capped
for 15 minutes. A green color developed if ammonia nitrogen was present. The concentration was
determined by comparing the sample tubes in the color comparator device. Temperature and pH determine
the proportions of un-ionized and ionized ammonia in the water. A chart was used to determine these
proportions .

.Vitrate
Two sample tubes were filled with five mL of sample water. NitraVer@5 nitrate reagent was

added to one tube. TIus tube was shaken vigorously for one minute and subsequently allowed to stand for
one minute. A brown color developed if nitrate was present. The concentration of nitrate was determined
by comparing the tubes in the color comparator device. The reading on the color comparator was
multiplied by 4.4 in order to determine mgIL nitrate.

Phosphate
The Low-Range Orthophosphate test was used on all water samples. PhosVer@3 phosphate

reagent was added to 20 mL sample water. After eight minutes the sample was transferred to a test tube
and compared to the original sample in the color comparator. Blue color develops in the presence of
phosphate. For the low-range test the Long-Path Viewing Adapter was inserted into the color comparator
prior to viewing. The reading was divided by 50 in order to obtain mgIL phosphate.

Chlorine
Free and total chlorine were measured for all samples. Free chlorine was measured by filling two

sample tubes with five mL sample water. DPD Free chlorine reagent was added to one tube. and the tubes
were compared in the color comparator. For total chlorine, two sample tubes were again filled with five mL
of sample water. DPD Total chlorine reagent was added to one tube. After three minutes they were
compared in the color comparator. If chlorine was present a pink color developed in both tests.

Dissolved Oxygen
The High Range test for dissolved oxygen was used. A round bottle with glass stopper was filled

with sample water. Dissolved oxygen reagents one and two were added. and the bottle was stoppered such
that no air bubbles are present. The bottle was shaken and an orange-bro\\'ll precipitate formed in the
presence of oxygen. After the flocculent settled. the bottle is shaken and allowed to settle again. Dissolved
oxygen reagent three was added and the bottle was again stoppered without air bubbles. The bottle was
shaken. If o"'''ygenwas present the flocculent dissolved and a yellow color appeared. A plastic tube was
filled and emptied into a glass bottle. Sodium thiosulfate standard solution was added drop-wise with
intermittent swirling until the solution became colorless. The number of drops of sodium thiosufate added
is equal to the number of mgIL dissolved oxygen present.

It should be noted that all chemicals (excluding sodium thiosulfate) come in pre-packaged packets
and are pre-measured for exact amounts. Each test was performed twice on each sample .

Results:



• Nitrate Ammonia T.Chlorine F.Chlorine Phosphate Temp. D.O. P!::i
Mlddleham Falls
Test 1 0 0 0 0 0.1 10
Test 2 0 0 0 0 0.3 10
Average 0 0 0 0 0.2 N.A. 10 7.32

1st Waterfall below Middleham Falls
Test 1 0 0 0 0 0 12
Test 2 0 0 0 0 0 10
Average 0 0 0 0 0 N.A 11 7.3

2nd Waterfall below Middleham Falls
Test 1 0 0 0 0 0.66 10
Test 2 0 0 0 0 0 10
Average 0 0 0 0 0.33 NA 10 7.12

Layou River
Test 1 0 0 0 0 0.18 27 7
Test 2 0 0 0 0 0.14 11
Average 0 0 0 0 0.16 27 9 7.72

Sindicate Stream
Test 1 0 0 0 0 0 10
Test 2 0 0 0 0 0.04 8
Average 0 0 0 0 0.02 N.A. 9 7.31

Indian River• Test 1 0 0 0 0 0.2 31 8
Test 2 0 0 0 0 0.28 7
Average 0 0 0 0 0.24 31 7.5 6.94

Emerald Pool
Test 1 0 0 0 0 0.14 8
Test 2 0 0 0 0 0.14 8
Average 0 0 0 0 0.14 N.A. 8 6.62

Roseau River
Test 1 0 0 0.a5 0.1 0.36 29 9
Tesl2 0 0 0 0 0.21 9
Average 0 0 0.025 0.a5 0.285 29 9 7.68

Titou Gorge
Test 1 0 0 0 0 0.00 9
Test 2 0 0 0 0 0 8
Average 0 0 0 0 0.04 N.A. 8.5 7.3

Check Hall River
Test 1 0 0 0 0 0 11
Tesl2 0 0 0 0 0 8
Average 0 0 0 0 0 NA 9.5 7.75

'all readings excepllemperature are mg/L
'temperature is measured in degrees Celcius
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Phosphate Levels in Pristine Waters
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Dissolved Oxygen in Pristine Waters
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pH v. Phosphate in Pristine Waters
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Discussion:

The results suggest that run-off from agricultural areas and quite possibly urban pollution decrease
water quality on Dominica. Phosphates occurred in all four agriculturally affected streams. Also, Roseau
River contained small amounts of chlorine. Amounts of dissolved oxygen are generally higher in pristine
waters. However, all tested waters seem to be of excellent quality when compared to the rest of the world

Dominica is made up of volcanic rock.. constituted mainly by andesites (Evans and James. 1997a).
Water that flows over andesitic volcanic rock is generally of good to excellent quality (Lee, 1980). This,
coupled with small area, small population. high rainfall and steep topography easily explain Dominica's
exceptionally high water quality. The large amount of rain that falls on Dominica is flushed quickly into
the ocean due to gravity pulling it down steep mountains. In this way, not only are polluted waters quickly
removed from the island. water does not stay in one place long enough to accumulate significant
contamination.

Test results of the six pristine waters indicate no ammonia nitrogen, nitrate or chlorine. Small
amounts of phosphorous are found in Middleham Falls. Falls #2, Emerald Pool and Titou Gorge. It is
especially interesting that Middleham Falls and Falls #2 indicate phosphorous, while Falls #1 does not.
Phosphorous is found in rocks and in all plants, therefore erosion and plant decay release phosphorous
naturally into waters. In fact, the most important impurities in natural waters are mineral and organic
sediments eroded from soil (Lee. 1980). Therefore. it is logical that these natural. pristine waters contain
phosphates. especially since high precipitation levels and steep gradients result in high erosion rates.

All pristine waters have high dissolved oxygen concentrations. ranging from 8-11 mgIL. At
summer temperatures. water can hold a maximum of 8 mgIL dissolved oxygen. In light of this. Dominican
waters have extremely high dissolved o:\"ygen concentrations. Waterfalls and swiftly moving streams allow
water to have constant contact with the air and consequently are continually oxygenated Highly
oxygenated waters have the ability to support healthy quantities of nekton and zooplankton. Also. by
maintaining high levels of oxygen, harmful phytoplankton blooms are minimized by keeping dissolved
carbon dioxide levels in check.

The four agriculturally influenced streams all contain contaminants, including phosphate, cWorine
and lower levels of dissolved oxygen. It was expected that nitrates and ammonia nitrogen would be
present. as most fertilizers contain nitrogen. But because neither nitrate nitrogen nor ammonia nitrogen
was detected in any sample, the results are consistent and considered valid although surprising.
Phosphorous is an important component of fertilizer, which is used to augment Dominica's poor soil.
Rainforests are notorious for having nutrient poor soil, fortified only by the decomposition of organic
material (Van Wambeke, 1992). Nitrogen and potassium are also important fertilizer components.
Nitrogen fertilization is important to bananas for leaf development, early bunch production and high yield
(Evans and James. 1997b).

Synthetic chemicals enter the soil and thus the water by fertilizer. pesticide. herbicide and
fungicide applications. Nitrogen-Potassium-Phosphorous fertilizers are used regularly on the island (Evans
and James, 1997b). Fungicides are used to combat leaf spot disease in bananas. The herbicides paraquat
(gramoxone) and Round-upT'" are used on the island (James, personal communication). Herbicides are
damaging because they add hannful chemicals to the environment and water supply, and also because they
increase erosion rates by decreasing rooted material. This causes nutrient loss as well as further pollution
of waters. When agricultural run-off washes into streams, it often causes an increase in aquatic plants.
including harmful algal blooms. These can clog waterways and lead to unhealthy ecosystems (Lee, 1980).
Also, run-off accounts for approximately 80% of water contamination by pesticides (Willrich, 1970).

Agriculture on Dominica is less invasive to the environment than in most nations that depend of
an agricultural economy. However, unfavorable consequences have nonetheless manifest themselves over
the past several decades. Agriculture allotted land has increased by 10-15% on Dominica over the past
twenty years. Consequently, there have been noticeable reductions in forest cover which causes reduced
and erratic rainfall, all of which are detrimental to rainforest ecology (Evans and James. 1997b). Also, the
adverse affects of chemicals are evident in Dominican waters. Dominica has recently begun cWorinating
drinking waters (James. personal communication). CWorine is detected in small amounts in Roseau River,
which has the potential to disrupt microorganism ecology. It is unexplainable why more free cWorine than
total cWorine is detected. Detectable amounts of cWorine could also result from the use of bleach. It is
highly unlikely that organochlorines would be detected. as they are slow to decompose. Phosphorous
levels in agriculturally influenced waters are equivalent to or higher than natural test waters. This suggests
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that the addition of phosphates from detergents and/or fertilizers has impacted the Dominican water system.
Lower dissolved oxygen concentrations are less easily explained in agriculturally influenced waters. Most
of the agriculturally influenced samples come from large streams, and therefore naturally have lower
dissolved oxygen concentrations because of less overall contact with air. However, agricultural run-off
containing fertilizer can increase aquatic plant communities. increasing the amount of decomposing
material at the stream bottom and thus decrease dissolved oxygen because decomposition requires oxygen.
Increased decomposition correlates with decreased oxygen levels, and decreased oxygen levels can
correlate with increased carbon dioxide levels. which can be environmentally harmful. as previously
discussed (Lee. 1980).

Overall. waters containing agricultural run-off seem to be slightly less healthy than those that do
not. At this point there does not seem to be any major threat to the environment or to the health of
Dominicans. However, pesticides and herbicides are not detectable by basic water quality testing, meaning
that pesticides and herbicides could very well be in Dominican streams (Lacher, personal communication).
If agricultural lands continue to expand and chemical use is continued it is possible that lands and waters
will further deteriorate. threatening the natural balance of the environment.

Conclusion:

Intuition leads me to believe that agricultural chemicals are affecting the health of Dominica and
Dominicans, however. intuition is not scientific evidence and therefore. I will not consider it in my
evaluation. Dominican stream waters are not shown to be threatened by agricultural practices. However,
this study concludes that the potential for substantial ecological damage does exist. It is suggested that
water quality continue to be tested with broader and more accurate tests on a larger and more
comprehensive scale. Harmful chemicals such as paraquat organochlorines, etcetera cannot be tested for
with basic water quality testing. Therefore. water quality could be lower than observed in these tests. I
believe that the HACH test kit is not sensitive enough to detect chemicals in the water. Instead of
measuring in mgIL, it is suggested that tests measuring in parts per million be used. It is also suggested
that organic farming be promoted and expanded in order to decrease harmful chemicals from entering
waterways. As far as detergents and other chemicals unrelated to agriculture are concerned, Dominicans
should be educated about proper disposal. and the government should be aware of the effects that they can
have on not only the land and streams, but also on marine life. and consider these natural resources when
facilitating development.
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