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| nt roducti on

On atributary streamfor the Sibun River known as
Margarita Creek, located in the Cayo District of Belize, is
the Sleeping G ant Lodge. For the | odge to have suitable
water, a part of the stream has been diverged to a
collection cistern to pool water, for which the |odge to
pull from This water is then treated and sent to every
faucet in the conplex. To determ ne the effect of the
filtration system | amgoing to sanple the water fromthe
stream before the divergence to the intake cistern, and then
| amgoing to sanple the water after the water has been
treated. The hypothesis is that there will be nore hardness
to the water, as well as nore ammoni a concentrati on and
hi gher levels of E.coli. Belize is located in a karst
envi ronnent, neaning that the majority of bedrock and
general geol ogic features are conposed of |inestone.

Li mestone is the common nane of Cal ci um Carbonate. Wen

wat er percol ates through calcium the water gains an anount
of hardness, which is the parts per mllion(ppnm) of calcium
in the water. Hardness can al so be expressed as MIIigrans
per Litre(nmg/L), which is the same neasurenent as ppm Wile
wat er hardness does not pose any adverse health effects on
humans, it can weak havoc on nmachi nery, appliances, and

other itenms with which it is in constant contact. This is



because of the linescale and other buildup as well as the
resi stance to soap |lather. Amoni a can be present in
untreated water due to it being a waste product excreted by
fish through their skin and gills. Amonia can al so be
present due to decaying food or a buildup of waste. It is

al so used as a fertilizer. Amonia is not toxic in | ow doses
to humans, but it is toxic to fish. If amonia solutions are
i ngested by humans in excess anounts, it can cause corrosive
damage to the nouth, throat, and stonmach. Escherichia col

(E. coli) is a rod shaped bacteriumthat is present in the

| oner intestines of humans as well as nost other endotherns.
As a general rule, nost strains of E. coli are harnless, but
there are a few serotypes that can cause food poisoning. E
coli is normally spread through contact with fecal naterial.
VWhile the first two variables of the three variables to be
tested are generally harm ess to humans, resulting data from
all three tests will indicate effectiveness of the

filtration systemas well as general health of the stream



Met hods and Material s

Due to the close proximty of the cistern to the stream
source, as well as the uniformty of the plunbing around the
| odge post-filtration, | have determ ned to draw sanpl es
fromsix sites: Three sites before the water is filtered,
and three sites of post filtration water. Fromthese sites,
| will draw three sanples for each of ny tests. See appendi x
for site details. For testing water hardness, | have
selected to use the KH Carbonate Hardness Test Kit for
Freshwat er and Sal twater, made by Aquari um Pharnmaceuti cal s
Inc. This kit comes with a liquid indicator as well as a
smal | test tube, along with a conversion chart from drops of
indicator to ppm Directions on operating this test are
included with the kit. For testing ammonia, | wll use the
Quick Dip Acmmonia Test Kit Aquarium Test, made by Jungle
Laboratories Corporation. This kit contains indicator test
strips as well as a vial for testing. There is also a color
i ndication chart for identifying amonia |levels in
ppm(nmg/L). Directions on operating this test are included
with the kit. For testing for E. coli, | will use Eosin-

Met hyl ene Bl ue agar plates, nore commonly referred to as EMB
Pl ates. These agar plates will be used to identify presence
of E. coli, however, determ ning anount may be a bit

difficult in the field. To use the EMB Pl ates, one nust use



a pipette to place a drop of sanple water on the plate, and
then use a sterile cotton swab to spread the water around
the plate. Then, the plates nust incubate and bacteri al
growh will appear on the plate in various fornms if it is
present in the water sanple. If E. Coli is present in the
sanple, the plate will show dark bl ue/black colonies with a
bright netallic green sheen. Exanple included in Appendi x.
For additional supplies needed, I will also need the 18
containers for obtaining ny sanples and transporting themto
a lab area. | can utilize the sane pipette fromny EMB

pl ates for ny hardness and ammonia tests. It would al so be
ideal to have a few spare pipettes in the event that a

pi pette were to mal function. | also need a couple containers
for ny hardness test waste water. | will need 25 EMB pl ates
and a |like anount of sterile cotton swabs. A conpound

m croscope woul d be handy to have in conjunction with the
EMB plates as well. A notebook and half a dozen pens and
pencils are necessary for data recording, as well as a pack
of 100 note cards for labels and a roll of masking tape for
sealing the plates. A canera for collecting i magery woul d
al so be of use. Any additional materials can be acquired at

the | odge if need-Dbe.



Resul ts

Hardness Ammaonia
Sample Site Result Sample Site Results

1 11 1 1 0.07
2 1 11 2 1 0.05
3 1 11 3 1 0.07
1 2 11 1 2 ]
2 2 11 2 2 0.03
3 2 11 3 2 0
1 3 11 1 3 0
2 3 11 2 3 0.03
3 3 11 3 3 0.03
1 4 9 1 4 0.1
2 4 10 2 4 0.07
3 4 3 4 ]
1 5 1 5 ]
2 5 10 2 5 ]
3 5 10 3 5 ]
1 6 10 1 ] 0.07
2 5] 11 2 ] 0.07
3 5] 11 3 ] 0.05

Har dness Tesutt recorded as drops(conversion to fol |l ow)

Ammoni a results recorded as ppm
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Ammonia (Expressed in ppm)
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post-filter

CONVERSION CHART
# of Drops odkH  ppm GH/KH
! | 17.9
2 2 35.8
3 3 53.7
r 4 716
5 5 89.5
6 6 107.4
7 7 125.3
8 8 143.2
9 9 161.1
10 10 179
T 1 196.9 i
12 12 214.8 i

Conversion from Drops to General Hardness

*There were no colonies of E. coli detected in any sanple.
For the sake of space, the pictures of the 18 EMB pl ates has

been onmtted. *



Data source: Hardness

Mormality Test (Shapiro-Wilk) Failed (P < 0.050)
Test execution ended by user request, Signed Rank Test begun
Wilcoxon Signed Rank Test

Data source: Hardness

Group N Missing Median 25% 75%

BEFORE 90 11.000 10.500 11.000

AFTER 9 0 10.000 9.000 10.500

W=-31.000 T+=7.000 T-=-38.000

Z-Statistic (based on positive ranks) = -1.903
F(est.)=0.066 Plexact)=0.074

The change that occurred with the treatment is not great enough to exclude the possibility
that it is due to chance (P =0.074).

Data source: Ammaonia

Mormality Test (Shapiro-Wilk) Passed (P = 0.B0D)

Treatment Name N Missing Mean Std Dev SEM

BEFORE 9 0 0.0311 0.0280 0.00935

AFTER 9 O 0.0400 0.0400 0.0133

Difference 9 0 -0.00889 0.0408 0.0136

t=-0.654 with 8 degrees of freedom. (P =0.531)

85 percent confidence interval for difference of means: -0.0402 to 0.0224

The change that occurred with the treatment is not great enough to exclude the possibility
that the difference is due to chance (P=0.531)

Power of performed test with alpha = 0.050: 0.050
The power of the performed test (0.050) is below the desired power of 0.800.

Less than desired power indicates you are less likely to detect a difference when one
actually exists. Megative results should be interpreted cautiously.

Statistical Analysis of Hardness and Anmoni a Dat a

Anal ysis perfornmed by Prof. Anthony Tate, Lincoln Land CC



Concl usi on

To make a bl anket statenent concerning ny data and ny
hypothesis, I would have to say that the hypothesis “..that

there will be nbre hardness to the water, as well as nore

ammoni a concentration and higher levels of E coli.” was not
supported. | say that because ny hypot hesis was phrased as
an all inclusive manner, neaning that | needed all three

aspects to be supported. However, this was not the case.
When | ooking at hardness, all nine pre-filtration
sanpl es produced the sane result, that result being 11
drops, or 196.9ppm This in itself confirnmed ny theory of
the water being of relatively high amounts of hardness due
to the karst topography. Furthernore, when sanples were
drawn fromthe post-filter sites, | received varying results
(albeit by only one or two drops), and the trend was that
they required fewer indicator drops, neaning that the water
was not as hard. Wen the hardness data was put through a
statistical analysis, it was determ ned that there was an
uneven di stribution(which would be correct, being that the
first deviation was at a post-filter site), and that there
was a statistically significant difference in pre- and post-
filtration sanples. This proves the first aspect of ny
hypothesis: There was “more hardness to the water before it
went through the filtration system.” For additional details

concerning the statistical analysis, refer to the analysis



itself on Page 8.

When | ooking at anmonia |levels, nmy levels were of a
very small amount. | received generally varying results
through all sanples fromall sites, and w thout an apparent
trend. When statistically analyzed, ny data was indeed in a
normal distribution, nmeaning that the data would fit into a
normal bell shaped curve. In addition to its normality, it
was al so proven to be not statistically significantly
different in |evels when pre- and post-filtration sanples
wer e conpared. \Wien observing the ammoni a | evel chart on
Page 7, it is understandably visible that there is not a
trend, neither an increase nor decrease in levels pre- and
post-filtration. This does not support my hypothesis in

stating that there would be “more ammonia concentration.”

Furthernmore, | indicated very | ow anounts of ammoni a
overall. The highest reading | received was .1 ppm while
.25 i1s still “safe” for fish and Danger level is 6. | can

conclude fromthis that ammoni a does not pose an i nmedi ate
threat to life involved with Margarita Creek, both aqueous
and terrestrial, at this tine.

When | ooking at the EMB plates, | took note of a few
key points. After four days allowng the cultures to grow,
there was no indication of E. coli on any plate. There were
cultures formng on the majority of the plates, however, due

to the circunstances of the testing, | was not able to
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identify them | was not in the possession of a gramtest,
and did not have the background information or additional

m crobi ol ogi cal resources available to further investigate
and anal yze these cultures. It would have been ideal to
transport them back to the M crobiology Lab at Lincoln Land
Community Col | ege where | woul d have information at ny

di sposal to identify these cultures, but that is not allowed
t hrough Custons. Furthernore, the validity and integrity of
the EMB tests was conprom sed by the travel and the
environnment. Several plates had cracked Iids and the vast
maj ority had condensation on the inside of the lids as well.
Before any testing was done, | w ped away, to ny best
extent, the noisture inside the plates with a cotton cloth.
| made sure not to tough the plate itself and contam nate it
in the process. However, sone plates had accunul ated enough
condensation that the noisture had al ready gathered on the
agar itself, rendering it unusable. There were three plates
that were not used. Wen these three unused plates were |eft
to incubate with the other plates, they too grew cultures,
even though they were isolated fromthe sanple waters.
Concerning the actual testing done, there was a general
trend of being smaller/fewer cultures on the plates

i nocul ated with post-filtration water. There was one
exception to this statenent. On the second ni ght of

i ncubation, there was a distinct pink culture growing on a

11



pl ate that was being tested wwth water fromthe Garden Room
3 bathroom sink. This caused a sone slight alarmw th nyself
and the others who sawit, and | took two nore tests with
t he Garden Room 3 bat hroom si nk water, using EMB pl ates that
| had indicated were in good order. These two plates did not
produce any cultures by the tinme of departure, over two days
later. | took it as plate B5-B was an isolated incident and
not a need for inmediate concern. Images of Plate B5-B as
well as the unused plates growing cultures will be in the
appendi x. Being that there were no E. coli col oni es detected
in any samples, my hypothesis that there would be *“..higher
| evel s of E. coli.” was not supported.

VWhile the first element of ny hypothesis concerning
wat er hardness was proven accurate, the other two aspects
did not support it. Therefore, since | stated that “.there
will be nore hardness to the water, as well as nore ammoni a
concentration and higher levels of E . coli,” I must say that
my hypot hesis as a whol e was not supported. However, this
one hypot hesis can spawn off different hypotheses and one
could take different routes and angles al ong the sane ideas
presented by nyself and ny data. If | were to return,
woul d probably so sone nore anal ysis of Margarita Creek, and
do additional analyses conparing the jungle water with the
mani pul ated water. A conposite conparison report of the

jungl e stream as conpared to the nmani pul ated water woul d be
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a handy piece of information. Handy not only for the owners,
staff, and patrons of the Sleeping G ant Lodge, but for
simlar locations in the area, and the data could be
extrapolated to different environnments globally. It would
not be of pertinence just to the Eco-Tourismsector, but to
all who derive their daily water in a simlar fashion. | do
recomrend that for future students an/or educators
considering using EMB plates in this environnment that they
take the raw materials with them and make them on site. The
accuracy would be nmuch inproved and the margin of error

woul d be significantly reduced.
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Appendi x of

| mages

Site 1 (Source)N17 6.5226, W23 40.0248

Site 2 (Cistern) N17 6.5178, W88 40.0242

Site 3 (Spigot) N17 6.5022, W38 39.9954

Site 4 was the Outdoor Bathroom Sink

Site 5 was Garden Room 3 bathroom Sink

Site 6 was Garden Room 3 Shower

ASEM M rulee Dbarar:
2 el i

EMB Plate inoculated with E. coli (exanple)
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" Bacterial Growth on Plate

Bacterial Growmh on unused/untested EMB Plate A



:'Bacterial G owth on unused/untested EMB P

" Bacterial Growth on unused/untested EMB Plate C
*Phot os of remaining EMB Pl ates avail abl e upon request*

*Additional photos placed on Display Board, see for details”

17



