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BACKGROUND AND OBJECTIVES: Freshwater is a scarce resource, constituting only 2.5% 
of Earth’s total water. Approximately 90% of freshwater is concentrated near the South 
Pole of the Antarctic Circle, exacerbating its scarcity for living organisms. Industries such as 
pharmaceuticals, textiles, food production, and agriculture rely heavily on monthly freshwater 
supplies for their operations. Proper disposal of wastewater from these sectors is imperative 
to meet environmental standards. This study aimed to evaluate the effectiveness of reverse 
osmosis systems in treating well water for human consumption, examine the possibility of 
reusing reverse osmosis treated wastewater, and assess the feasibility of reducing freshwater 
consumption and wastewater generation.
METHODS: The study used the qualitative and quantitative data obtained in 2018, 2019, 
2022, and 2023 from the manufacturing industry in Guayama, Puerto Rico. Statistical analysis 
was confidently conducted using the Paired T-Test and Pearson correlation tests, with Minitab 
Statistical Software (Version 21.1.0) utilized for statistical analysis. 
FINDINGS: The results of this study showed that reverse osmosis is an effective system for 
treating well water for human use and enabling the reuse of wastewater after treatment. A total 
of 2,397,000 gallons of wastewater were treated and reused for cooling towers and boilers, 
representing the same amount of freshwater conserved and wastewater not discharged into 
the sewer system. The metrics analyzed were total organic carbon, conductivity, nitrate levels, 
and total aerobic microbial population. Total organic carbon in the samples ranged from 3 to 
29 ppb. Conductivity was between 0.3 μS/CM and 1.0 μS/CM. Nitrate levels were all under 0.2 
ppm (0.2 mg/l). Total aerobic bacteria counts were 0 cfu per milliliter. Regarding the feasibility 
of reusing wastewater post-reverse osmosis treatment, the findings showed decreased levels 
of anions and cations in the treated wastewater. Additionally, all reverse osmosis-treated well 
water samples tested in 2022 met the quality control laboratory criteria.
CONCLUSION: The study confirms that the reverse osmosis system effectively purifies well 
water for human use and demonstrates the potential for repurposing treated wastewater. 
Furthermore, 2,397,000 gallons of treated wastewater were repurposed for cooling towers 
and boilers, conserving freshwater resources, and preventing the discharge of an equivalent 
volume of wastewater into the sewer system.
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INTRODUCTION
Fresh water is a non-renewable natural resource 

that only represents 2.5% of the total water on the 
planet Earth. Approximately 90% of the freshwater 
resources available on the planet are in the South Pole 
of the Antarctic Circle, which makes the amount of 
freshwater available for living beings even more 
limited (Australian Antarctic Program, 2020). 
Currently, there is a global crisis related to the 
insufficient supply of this resource which is influenced 
by the growing demand for water to satisfy human, 
industrial, and/or agricultural needs. The industrial 
sector uses about 20% of the extracted water 
(freshwater) worldwide to carry out its processes and 
it is expected that by 2025, this percentage will 
increase to approximately 24% (United Nations, 
2011). Regarding the agricultural sector, it uses 
approximately 70% of the freshwater extracted in the 
world (World Bank, 2022). The United Nations reports 
estimate that water scarcity affects more than 40% of 
the world’s population and expects this percentage to 
increase if current water use continues (United 
Nations, 2020). The current large amounts of 
freshwater use and the consequences of continuing 
with current use make evident the need to implement 
measures for all lives to minimize the use of freshwater 
and its overexploitation. Currently, different countries 
in the world have great difficulties accessing drinking 
water services. According to the United Nations, 
approximately 750 million people around the world 
lack adequate access to water.  They also estimated 
that this number will increase to 2.9 billion people by 
2030, which represents around a third of the world’s 
population (United Nations, 2023). This situation will 
increase diseases caused by the consumption of 
contaminated water. An example of a country that has 
a high percentage of homes that lack drinking water 
services is Peru. According to the last census carried 
out in Peru, 67.5% of homes have drinking water 
service while 32.5% do not have this service. It is 
important to mention that more than 80% of 
wastewater worldwide is returned to the environment 
without being treated.  The industrial sector generates 
large quantities of wastewater monthly and is also 
one of the largest contributors to water pollution 
since it annually dumps between 300 and 500 million 
tons of wastewater, which contains solvents, heavy 
metals, or other polluting waste. In developing 
countries, about 70% of industrial wastewater is 

discharged into waters without any treatment (United 
Nations, 2011). This waste causes drinking water to 
become non-drinkable which in turn causes the death 
of fish.  Unfortunately, around 800 thousand deaths a 
year are caused because of drinking contaminated 
water (Solís, 2017). Many manufacturing industries 
operate in Puerto Rico (Pharmaceutical industries, 
textile industries, and food industries among many 
others) which need large quantities of fresh water 
monthly to carry out their processes. In addition, the 
agricultural sector on the island is another sector that 
depends on large amounts of fresh water to grow 
fruits, and vegetables and raise livestock. In the past, 
these sectors have faced problems due to water 
shortages, mainly during times of drought. In 2015, 
approximately 38.5 inches of rain fell, compared to 45 
inches from 1994 to 1997. During the 2015 drought, 
the agricultural sector lost approximately $12 million, 
prompting the Federal Department of Agriculture to 
declare the area a natural disaster on July 15, 2015. 
Losses were caused by heat stress from high 
temperatures and soil desiccation due to a lack of 
water. This resulted in lower crop yields and higher 
livestock mortality (Hub, 2016).  In Puerto Rico, it is 
estimated that 228 million gallons of wastewater are 
treated per day and that the majority of this is 
discharged into the ocean and rivers. This significant 
amount of water could be reused in places such as 
agricultural irrigation and industrial processes, among 
others. In 2010, approximately 724 million gallons per 
day (mgd) were extracted in Puerto Rico from different 
freshwater sources around the island. Of these, 38.2 
mgd were used for crop irrigation (Quiñones, 2015).  
According to the Department of Natural and 
Environmental Resources, by 2030 it is estimated that 
the agricultural sector will use around 84.2 mgd of 
water for irrigation systems (Department of Natural 
and Environmental Resources, 2015). It is important 
to mention that in Puerto Rico water quality is 
controlled through the Puerto Rico Water Quality 
Standards Regulation. This regulation seeks to mitigate 
degradation and protect coastal, surface, and 
groundwater.  According to the November 2018 
303(d) Impaired Water List from the United States 
Environmental Protection Agency, there are 666 cases 
of contaminants that are causing water deterioration 
across the island.  These cases are associated with 
surface water, groundwater, and reservoirs. Of the 
mentioned contaminant cases, around 12,090 miles 
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were in rivers, streams, and creeks in the 2018 year, 
the main sources of pollutants reported in Puerto Rico 
were wastewater discharges (Environmental 
Protection Agency [EPA], 2020). Flora, fauna, and fish 
need to have sufficient water flow through the 
habitats in which they live and reproduce. If water 
flow is not adequate due to the diversion of water for 
urban, industrial, and agricultural purposes, the 
quality of water and the health of ecosystems will 
deteriorate (Quiñones and Guerrero, 2004). The use 
of reverse osmosis for the treatment of wastewater 
and its reuse allows for maintaining the flow of water 
by not having to divert large quantities of water.  
Reusing wastewater after being treated by reverse 
osmosis also reduces its discharge to bodies of water 
such as oceans, estuaries, and rivers. In addition, the 
habitat of different species is protected and the 
contamination of different bodies of water is reduced 
and prevented. Treating wastewater and reusing it in 
tasks such as irrigation increases the nutrients 
available for agriculture and reduces the need to use 
synthetic fertilizers (Quiñones and Guerrero, 2004). 
Although in Puerto Rico there is currently enough 
fresh water to satisfy the needs of its population of 
about 3.2 million people, it can be seen how it is 
becoming more common every day in other countries 
that its distribution is unequal, contaminated, and 
managed in an unsustainable manner.  For example, in 
Latin America, the water available per habitant has 
decreased by 22% in the last 20 years and millions of 
farmers have been affected due to droughts and lack 
of water availability, which threatens their crops and 
puts their survival at risk. Other examples are in South 
Asia, where per capita water availability has also 
decreased to 27%, and in Sub-Saharan Africa to 41% 
(United Nations, 2020). The implementation of the 
use of a reverse osmosis filtering system and the reuse 
of water not only represents a corrective measure to 
the habits of high-water consumption by the habitants 
of Puerto Rico, but it is also a preventive measure so 
that in the future, this resource will not be scarce 
within the island, and we will not suffer from the same 
problem that Latin America has today. It should be 
noted that wastewater treatment in Puerto Rico and 
the United States is regulated by the Environmental 
Protection Agency. This is one of the reasons why the 
idea of ​​reusing wastewater after being treated by 
reverse osmosis looks attractive since the system 
represents an option to comply with the regulations. 

In September 1992, the Environmental Protection 
Agency published a technical document providing 
guidelines for the treatment and reuse of water in a 
manner that is safe for the health of the population.  
This technical document is the Manual: “Guidelines 
for Water Reuse”. This Manual is extremely important 
for the implementation of the reuse of wastewater 
after being treated since one of the main barriers that 
limit the implementation of this practice is precisely 
the population’s fear of the possible risks generated to 
human health (Quiñones and Guerrero, 2004). 
Another reason to propose implementing the use of 
reverse osmosis in the well water and wastewater 
treatment process and its reuse is to support the Law 
for the Conservation, Development, and Use of Water 
Resources. This law represents a public policy of the 
Commonwealth approved to ensure water supply for 
present and future generations of Puerto Ricans. 
Additionally, it intends to maintain the quality and 
purity of Puerto Rico’s waters to ensure the well-
being, security, and development of the country. It 
also aims to prevent scarcity, misuse, waste, and 
pollution of such an important resource (Government 
of Puerto Rico, 2022). This study intends to evaluate: 
(a)the efficiency of the reverse osmosis system in 
treating well water for human use; (b) the viability of 
reusing wastewater after being treated by reverse 
osmosis; (c) the possibility of reducing the 
consumption of fresh water and the generation of 
wastewater using reverse osmosis. To accomplish 
these objectives, a study survey was conducted in an 
industrial zone in Guayama, Puerto Rico, in 2023.  

MATERIALS AND METHODS
To achieve the goal of this study, the functionality 

of the reverse osmosis system will be evaluated based 
on qualitative and quantitative results obtained from 
an industry located in Guayama that has reverse 
osmosis systems to treat well water and wastewater 
to reuse it. Results evaluated by the industry’s 
quality control laboratory and the statistical analysis 
performed on this study will determine the viability 
of the reuse of wastewater treated by reverse and 
the efficiency of the system to treat well water.  
Regarding the decrease in the use of fresh water and 
the generation of wastewater in Puerto Rico, this will 
depend on how viable the implementation of the 
reverse osmosis system is.  Additional information 
from other investigations on different areas such as, 
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for example, industrial areas (pharmaceutical, textile, 
mining, cement, electroplating, and concrete mixers 
among others), agricultural areas, urban areas, and 
rural areas will be provided to support the results in 
this study.

Methods description
The following information describes the treatment 

applied to the waters under study (well water and 
wastewater) located in Guayama, Puerto Rico. The 
water used in the processes of an industry located 
in Guayama, Puerto Rico comes from a well located 
within its facilities. To convert well water into drinking 
water, the company applies different types of pre-
treatments and then uses a reverse osmosis system.  
During reverse osmosis, the solvent passes through 
the semipermeable membrane from a concentrated 

solution to a dilute one applying osmotic pressure 
(Fig. 1) (Dominighini et al., 2016). 

In addition, this plant also uses two other reverse 
osmosis systems on a smaller scale, one to purify 
water to use it for manufacturing (Fig. 2) while the 
other system is to treat said water after being used.  
The purpose of treating the water already used is to 
reuse it for cooling towers and boilers in the same 
company. The system used to treat wastewater is not 
as sophisticated as the one used to treat water that 
comes from the well since the intention of treating 
the wastewater is to reduce its conductivity and not 
to make it suitable for human consumption. Lowering 
the conductivity of water is extremely important since 
water with high conductivity conducts electricity 
more easily, which represents a risk to human life and 
living beings that come in contact with it. 

Fig. 1: Model of the operation of osmotic pressure (Solís, 2017)  
Fig. 1: Model of the operation of osmotic pressure (Solís, 2017) 

  

 
 

Fig. 2: Smaller scale reverse osmosis system for water purification in manufacturing 

  

Fig. 2: Smaller scale reverse osmosis system for water purification in manufacturing
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The first pre-treatment used for well water is 
to pass it through sand filters. Sand filters remove 
sediment present in the water.  After the water is 
filtered, it is stored in a tank where chlorine is added 
until a range of 0.3 – 0.5 ppm chlorine is obtained.  
This range is a Department of Health requirement for 
drinking water. After adding chlorine to the water, it is 
distributed from the tank to apply the following pre-
treatments: Stage 1: Sand filter (Fig. 3), to remove 
traces of sediment (if any remained after the sand 
filter at the beginning). Stage 2: Softeners (Fig. 3), are 
used to remove Calcium and Magnesium which give 
hardness to the water. Softeners can be made of resin.  
This is convenient since the resin is regenerated and 
allows it to be reused. Stage 3: Carbon filter (Fig. 4),  

this filter intends to eliminate the odor, taste, and 
chlorine that the water may have at this stage. Stage 
4: 5-micron filter: This filter prevents the migration 
of resin or carbon from previous steps to subsequent 
steps. Stage 5: Ultraviolet Lamp: The purpose of the 
ultraviolet lamp is to kill microorganisms present 
in this stage. After the pre-treatments explained 
above, the water goes to the reverse osmosis system 
but first, it must be treated so that it has a pH of 
approximately 8.0 and in this way does not damage 
the membranes.  To bring the pH of the water to 
8.0, caustic soda is added, which eliminates the 
carbon dioxide present in the water at this stage. This 
system has a pH controller to confirm and maintain a 
constant pH value.

 

 
 

Fig. 3: Multimedia (sand filter) and smoothers 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4: Carbon filter 
  

Fig. 3: Multimedia (sand filter) and smoothers

Fig. 4: Carbon filter
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In the reverse osmosis stage, there are two 
membrane passes, which are: First pass (Fig. 5) 
intention pass is to lower the conductivity as 
low as possible to comply with the United States 
Pharmacopeia ranges and to be able to use the 
water in manufacturing processes and laboratories. 
The water before this step usually has a conductivity 
measurement of 350-400 micro-Siemens. The United 
States Pharmacopeia and quality of the plant requires 
that the conductivity value does not exceed 1.4 
micro-Siemens. This is why in the first pass pressure is 
added to the osmosis system with a pump that raises 
around 180-200 pounds of pressure so that it can 
be filtered through a semi-permeable membrane. 
The product obtained after this step is water with 
conductivity values of approximately 8-10 micro-

siemens. In the second pass (Fig. 6) there are three 
vessels with four inches in diameter, each with three 
membranes inside.  After this second pass, water 
with conductivity values of approximately 1 micron 
is obtained. 

Although after the second pass the water already 
meets the USP and quality requirements for drinking 
water, an ionization process is applied where a resin is 
filtered, and positive and negative ions are eliminated. 
This decreases the conductivity to approximately 0.1 
micron which is a value of 0.  After having a conductivity 
value of practically 0, an ultraviolet lamp is used for 
bacteriological control and the water is passed to a 
distribution tank of 4 thousand gallons (the plant has 
two of these tanks). Ozone is added to the tank to 
eliminate any organisms present. Ozone is one of the 

 
 

Fig. 5: First pass of membranes (reverse osmosis) 
  

Fig. 5: First pass of membranes (reverse osmosis)

 
 

Fig. 6: Second pass of membranes (reverse osmosis) 
 

Fig. 6: Second pass of membranes (reverse osmosis)
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common disinfectants used for this process (Grueso et 
al., 2019) and it is necessary when a large amount of 
water is stored because it is pure water and pure water 
is susceptible to contamination. After Ozone, the water 
is again treated with a UV lamp to eliminate the Ozone 
present in it.  It is important to mention that water 
is always in constant movement to prevent bacteria 
growth. At the end of the process, the water returns 
to the tank where there is equipment that measures 
the Total Organic Carbons and conductivity values. 
The wastewater used for manufacturing processes is 
discarded through pipes until it reaches a treatment 
plant inside the company and is stored in a tank.  This 
industry in Guayama manufactures large quantities of 
vitamins and minerals, so elements such as Calcium and 
Magnesium (elements that give hardness to water) are 
present in the wastewater that is treated for reuse in 
boilers and cooling towers.  The main objective when 
implementing the reverse osmosis system in the water 
reuse process is to reduce conductivity.  In addition, it 
is necessary to clarify that water treated for reuse is 
not used for human use or consumption.  The three 
treatments applied to wastewater are Step 1: The 
wastewater passes through a grinder that destroys any 
type of suspended solid before reaching the tank.  This 
prevents the tank from clogging. Step 2: In the tank, the 
pH of the wastewater is measured, and caustic soda is 
added until it reaches approximately 7.5. Step 3: After 
obtaining the wastewater with the desired pH, it goes 
to the clarification tank where polymers are added to 
create flocs that collect the sludge or sediment and 
take them to the bottom of the tank.  At the bottom 
of the tank, there is a pipe that is responsible for 
removing the sludge and sediment trapped by the 
polymers.  After the three previous pre-treatments, 
the wastewater flows clean to a reuse pool.  Already at 
this stage, the wastewater has adequate parameters 
for aqueducts (it can be eliminated through the 
sewer), but not for reuse in the boilers or cooling 
towers. So that the wastewater is in suitable conditions 
for reuse, pre-treatment, and reverse osmosis are 
applied.  The pre-treatments before reverse osmosis 
are Stage 1: Ultrion is injected into the wastewater 
pool to create more flocs that trap mud and thus leave 
the wastewater as clean as possible. Stage 2: After 
applying Ultrion, the wastewater is sent to multimedia 
filters. Stage 3: Carbon Filter: The purpose of this stage 
is to remove chlorine from the wastewater so as not 
to damage the membranes. Stage 4: The wastewater 

is sent to a tank where the anti-scaling agent is added. 
Stage 5: The wastewater is filtered through 5-micron 
Prefilters. Before the reverse osmosis process and 
its pre-treatments, the water received from the 
manufacturing processes for reuse has a conductivity 
of approximately 1,500 micro siemens which after 
the reverse osmosis process is capable of decreasing, 
usually generating 200 to 300 micro siemens. During 
the reverse osmosis process, the water passes through 
vessels that contain membranes with a pressure of 
approximately 55 psi.  In the end, two water flows 
are obtained, one which is the rejection (unfiltered 
water) and the other, the processed water (permeate).  
Processed water or permeate as it is also known, is 
the water ready for use in boilers and cooling towers. 
The reuse system described above allows the reuse 
of around 500,000 gallons per month, thus reducing 
the number of gallons of drinking water used and the 
number of gallons that are discarded into the sewer.  
Although this system keeps working seven days a week 
and twenty-four hours a day, its maintenance is low-
cost and occurs when the number of gallons processed 
and the pressure with which they come out decreases 
drastically.  The decrease in gallons processed occurs 
most of the time when the membrane becomes 
clogged.  Fortunately, the membrane can be 
regenerated by washing.  The membranes are washed 
with caustic soda and involve 3 washing cycles at 
different pHs each (11.5, 3.5, and 7.0) accompanied by 
a chemical.  Finally, the time of each washing cycle is 
24 hours during which the system is put out of service.

Analytical framework
The goal of this study was to determine whether 

reverse osmosis is an effective method for treating 
well water and wastewater, allowing well water to 
be used for human consumption and wastewater 
to be reused for non-human consumption, thereby 
reducing the amount of freshwater withdrawn and 
wasted in Puerto Rico.

RESULTS AND DISCUSSION
The first objective of this study was to evaluate the 

efficiency of the reverse osmosis system in treating 
well water.  The following results of well water treated 
by reverse osmosis at Guayama Industry were used to 
evaluate this objective.

It is important to mention that the results of 
Tables 1 and 2 come from well water treated by the 
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Table 1: Water Results from 2022 Annual Report (Conductivity and Total Organic Carbons) 
 

Point of use Sampled date Total organic carbon (ppb) Conductivity µs/cm  

HV-2116 Jan 03,2022 6 0.9 

HV-2216 Jan 03,2022 6 0.4 

HV-2116 Jan 17,2022 9 0.4 

HV-2216 Jan 17,2022 7 0.4 

SP-119 Jan 17,2022 12 0.6 

HCCDI1A Jan 31, 2022 5 0.8 

HV-2116 Jan 31,2022 7 0.4 

HV-2216 Jan 31,2022 12 0.6 

HV-2116 Feb 14,2022 8 0.8 

HV-2216 Feb 14,2022 8 0.8 

SP-119 Feb 14, 2022 8 0.3 

HCCDI1A Feb 14, 2022 8 0.5 

HV-2116 Mar 02,2022 15 0.4 

HV-2216 Mar 02,2022 7 0.4 

HV-2116 Mar 18,2022 6 0.7 

HV-2216 Mar 18,2022 7 0.4 

HV-2116 Mar 28,2022 3 0.6 

HV-2216 Mar 28,2022 3 0.7 

SP-119 Mar 28, 2022 3 0.6 

HCCDI1A Mar 28, 2022 3 0.7 

HV-2116 Apr 13,2022 9 0.6 

HV-2216 Apr 13,2022 4 0.7 

HV-2116 Apr 29,2022 4 0.8 

HV-2216 Apr 29,2022 6 0.4 

SP-119 Apr 29,2022 5 0.4 

HCCDI1A Apr 29,2022 8 0.3 

HV-2116 May 13,2022 13 0.6 

HV-2216 May 13,2022 11 0.9 

HV-2116 May 23,2022 5 0.4 

HV-2216 May 23,2022 5 0.5 

SP-119 May 23, 2022 9 0.5 

HCCDI1A May 23, 2022 11 0.5 

HV-2116 Jun 07,2022 13 0.5 

HV-2216 Jun 07,2022 9 0.6 

SP-119 Jun 07,2022 13 0.6 

HCCDI1A Jun 07,2022 10 0.5 

HV-2116 Jun 24,2022 8 0.9 

HV-2216 Jun 24,2022 10 0.8 

HV-2116 Jul 08,2022 8 0.4 

HV-2216 Jul 08,2022 10 0.6 

HV-2116 Jul 20,2022 12 0.8 

HV-2216 Jul 20,2022 13 0.6 

Table 1: Water Results from 2022 Annual Report (Conductivity and Total Organic Carbons)
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Continued Table 1: Water Results from 2022 Annual Report (Conductivity and Total Organic Carbons)

Point of use Sampled date Total organic carbon (ppb) Conductivity µs/cm  
SP-119 Jul 20,2022 16 0.7 

HCCDI1A Jul 20, 2022 11 0.8 

HV-2116 Aug 05,2022 16 0.7 

HV-2216 Aug 05,2022 15 0.3 

HV-2116 Aug 19,2022 15 0.5 

HV-2216 Aug 19,2022 11 0.6 

HV-2116 Aug 29,2022 15 0.7 

HV-2216 Aug 29,2022 18 0.6 

SP-119 Aug 29, 2022 17 0.5 

HCCDI1A Aug 29, 2022 20 0.7 

HV-2116 Sep 15,2022 8 0.6 

HV-2216 Sep 15,2022 8 0.7 

SP-119 Sep 15, 2022 12 0.3 

HCCDI1A Sep 15, 2022 10 0.4 

HV-2116 Sep 30,2022 14 0.7 

HV-2216 Sep 30,2022 15 0.5 

HV-2116 Oct 11,2022 12 0.7 

HV-2216 Oct 11,2022 17 0.6 

HV-2116 Oct 26,2022 17 0.8 

HV-2216 Oct 26,2022 15 0.9 

SP-119 Oct 26,2022 25 0.9 

HCCDI1A Oct 26,2022 17 1.0 

HV-2116 Nov 10,2022 20 0.8 

HV-2216 Nov 10,2022 15 0.8 

SP-119 Nov 10,2022 18 0.9 

HCCDI1A Nov 10, 2022 15 0.8 

HV-2116 Nov 22,2022 19 0.6 

HV-2216 Nov 22,2022 12 0.6 

HV-2116 Dec 08,2022 8 0.9 

HV-2216 Dec 08,2022 7 0.6 

HV-2116 Dec 21,2022 19 1.0 

HV-2216 Dec 21,2022 22 0.8 

SP-119 Dec 22, 2022 20 0.3 

HCCDI1A Dec 21, 2022 29 0.8 
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reverse osmosis process (previously explained in 
the materials and methods section) at the Guayama 
Industry evaluated. The samples analyzed were 
taken on different validated water points that are 
periodically sampled. The samples from the water 
points under study were analyzed at the plant’s 
quality control laboratory for microbiological and 
chemical analyses such as conductivity, Total Organic 
Carbons, Nitrates, and Total Aerobic Microbial Count.  
The Chemical results of all the samples of the year 
2022 were compiled at the end of the year by a report 
that the company carried out to see the behavior of 
the system and the water quality (Tables 1 and 2). In 
addition, according to the annual report, a total of 77 
samples were analyzed to determine the value of the 
Total Aerobic Microbial Count.  All results for Total 
Aerobic Microbial Count were 0 cfu/mL.  The alert 
level and action level in the test for Total Aerobic 
Microbial Count is no more than 2 cfu/mL and 100 
cfu/mL respectively.  Therefore, all 77 samples met 
the Microbiology Specification Limits. The results in 
Table 1 showed a total of 76 results from 4 different 
water points (HV-2116, HV2216, SP-119, and 
HCCDI1A), and each point was shown at least once a 

month.  The range of Total Organic Carbons (TOC) in 
the sample was from 3 to 29 ppb. Total organic carbon 
is a measure of organic molecules present in waters 
measured by the pharmaceutical as carbon (US 
Pharmacopeia, 2023).  According to Beckman Coulter 
(2023), reagent water cannot contain a total organic 
carbons level of more than 0.10 mg/L (0.10mg/L = 100 
ppb). Reagent water is water without impurity, and 
it is a suitable water for human consumption.  Since 
the highest value of total organic carbons results 
(Table 1) was 29 ppm and the maximum possible 
value according to Beckman Coulter is 100, it is 
appropriate to establish that treating well water with 
a reverse osmosis system produced water suitable 
for human consumption.  For the conductivity, the 
range obtained was from 0.3 to 1.0 µS/CM (Table 1).  
The conductivity range of water for domestic use is 
from 400 to 800 µS/cm and for distilled water is 0.5 a 
2.0 µS/cm (US Geological Survey, 2019).  The highest 
conductivity result obtained in Table 2 was 1.0 µS/
cm, therefore it can be established that the reverse 
osmosis system used to treat well water produces 
distilled water which is suitable for human use and is 
even purer than domestic water (drinking water). The 

Table 2: Water Results from 2022 Annual Report (Nitrate) 
 

POINT OF USE SAMPLED DATE COMPONENT NAME RESULTS 

HV-2116 Jan 17, 2022 Nitrate Conforms 

HV-2216 Jan 17, 2022 Nitrate Conforms 

SP-119 Jan 17, 2022 Nitrate Conforms 

HCCDI1A Jan 31, 2022 Nitrate Conforms 

HV-2116 Apr 29,2022 Nitrate Conforms 

HV-2216 Apr 29,2022 Nitrate Conforms 

SP-119 Apr 29,2022 Nitrate Conforms 

HCCDI1A Apr 29,2022 Nitrate Conforms 

HV-2116 Jul 20, 2022 Nitrate Conforms 

HV-2216 Jul 20, 2022 Nitrate Conforms 

SP-119 Jul 20, 2022 Nitrate Conforms 

HCCDI1A Jul 20, 2022 Nitrate Conforms 

HV-2116 Oct 26,2022 Nitrate Conforms 

HV-2216 Oct 26,2022 Nitrate Conforms 

SP-119 Oct 26,2022 Nitrate Conforms 
HCCDI1A Oct 26,2022 Nitrate Conforms 

 
  

Table 2: Water Results from 2022 Annual Report (Nitrate)
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results in Table 2 showed a total of 16 results from the 
same 4 points analyzed in Table 1.  The object under 
analysis in this table determined the presence of 
nitrate in the well water treated by reverse osmosis. 
Drinking water with High levels of nitrate can cause 
health effects such as the following 
(a)	Blue baby syndrome (or methemoglobinemia), 

which is a decrease in the blood’s ability to carry 
oxygen to the tissues; 

(b)	Recurrent respiratory infections; 
(c)	 Thyroid dysfunction; 
(d)	Adverse reproductive outcomes, such as abortions 

spontaneous; 
(e)	Certain cancers, including stomach or bladder 

Table 3: Reverse osmosis for wastewater treatment year 2018- Cations (Results)  
 

Cations Raw Water (before reverse osmosis) Filtered (after reverse osmosis) 

Aluminium (Al) <0.06 mg/L <0.06 mg/L 

Barium (Ba) 0.037 mg/L 0.037 mg/L 

Boron (B) 0.12 mg/L 0.12 mg/L 

Cadmium (Cd) <0.011 mg/L <0.011 mg/L 

Calcium (Ca) 57 mg/L 19 mg/L 

Calcium Carbonate (CaCO3) 140 mg/L 40 mg/L 

Chromium (Cr) <0.032 mg/L <0.032 mg/L 

Copper (Cu) <0.06 mg/L <0.06 mg/L 

Iron (Fe) <0.04 mg/L <0.04 mg/L 

Lead (Pb) <0.21 mg/L <0.21 mg/L 

Lithium (Li) 0.011 mg/L 0.011 mg/L 

Magnesium (Mg) 26 mg/L 14 mg/L 
Magnesium Carbonate 

(MgCO3) 110 mg/L 40 mg/L 

Manganese (Mn) <0.011 mg/L <0.011 mg/L 

Molybdenum (Mo) <0.08 mg/L <0.08 mg/L 

Nickel (Ni) <0.02 mg/L <0.02 mg/L 

Phosphorus (P) 0.19 mg/L 0.18 mg/L 

Potassium (K) 12 mg/L 8 mg/L 

Silicon (Si) 20 mg/L 19 mg/L 

Silica (SiO2) 43 mg/L 42 mg/L 

Sodium (Na) 350 mg/L 40 mg/L 

Sodium Carbonate (NaCO3) 750 mg/L 78 mg/L 

Strontium (Sr) 0.177 mg/L 0.025 mg/L 

Vanadium (V) <0.02 mg/L <0.02 mg/L 

Zinc (Zn) 0.03 mg/L 0.03 mg/L 
 

  

Table 3: Reverse osmosis for wastewater treatment year 2018- Cations (Results) 

cancer (Oregon Health Authority, 2022). 
The analysis of Table 2 shows that all samples 

analyzed met the laboratory specification limits 
which should be no more than 0.2 ppm (0.2 mg/l) 
of Nitrates established by industry specifications.  
The federal government has established that the 
safe drinking water standard (also called maximum 
contaminant level) corresponding to nitrate is 10 mg/l 
(Oregon Health Authority, 2022).  After evaluation of 
all parameters in Tables 1 and 2 (total organic carbon, 
conductivity, and the nitrate presence) and the Total 
Aerobic Microbial Count could be seen that all well 
water samples treated by reverse osmosis met the 
necessary conditions to be classified as suitable for 
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human consumption. This follows the study that the 
use of an osmosis system to treat different water 
sources (e.g., groundwater, seawater, and well 
water) allows for obtaining water suitable for human 
consumption (Ruiz and Coronado, 2016; Romero et 
al., 2015; Guevara et al., 2022; Devora et al., 2016). 
The second objective of this study was to evaluate 
the viability of reusing wastewater in Puerto Rico 
after being treated by reverse osmosis. The following 
results of wastewater treated by reverse osmosis 
at Guayama Industry were used to evaluate this 
objective.

Tables 3, 4, and 5 correspond to the results of 
wastewater before and after being treated by reverse 
osmosis in 2018 year.  Tables 6, 7, and 8 show the 
before and after results of wastewater treated 
using reverse osmosis in 2019.  Some results for the 
concentration of cations and anions from Tables 3, 4, 
6, and 7 were used to create Table 9 and to perform 
the following statistical analysis. Missing values ​​of 
cations and anions in Table 9 were not selected 

for analysis because they are reported based on 
a range (e.g. <0.006 mg/L) and not at an exact 
concentration. Table 9 presents the data used for the 
Paired T-Test statistical analysis in Table 11. Table 10 
shows conductivity values recorded before and after 
pretreatments and reverse osmosis in June and July 
2023.

For the statistical analysis presented in Table 
11, the null hypothesis was used (it is assumed 
that both variables are equal, in other words, that 
there is no difference between both variables) and 
0.05 as the alpha value. So: 0.05 (alpha value) is 
> than 0.011289425 (P(T<=t) one-tail value) and 
2.494192558 (t Stat) > 1.734063607 (t Critical one-
tail). Therefore, the null hypothesis is rejected. 
This shows that there are differences between the 
concentrations of anions and cations present in the 
wastewater before and after being treated by reverse 
osmosis. The data reflects that the values ​​are lower 
after Reverse Osmosis treatment. Therefore, and 
according to this statistical analysis, it is appropriate to 

Table 4: Reverse osmosis for wastewater treatment year 2018- Anions (Results)  
 

Anions Raw Water (before reverse osmosis) Filtered (after reverse osmosis) 

Chloride (Cl) 180 mg/L 40 mg/L 

Nitrite (NO2) <2.0 mg/L <2.0 mg/L 

Bromide (Br) <2.0 mg/L <2.0 mg/L 

Nitrate (NO3) <2.0 mg/L <2.0 mg/L 

Sulfate (SO4) 190 mg/L 65 mg/L 

Chloride Carbonate (ClCO3) 250 mg/L 70 mg/L 
Nitrate Carbonate (NCO3) <1.6 mg/L <1.6 mg/L 

Sulphate Carbonate ([SO4]CO3) 190 mg/L 66 mg/L 
 
  

Table 4: Reverse osmosis for wastewater treatment year 2018- Anions (Results) 

Table 5: Reverse osmosis for wastewater treatment year 2018 - Other analytes (Results) 
 

Other Analytes Raw Water (before reverse osmosis) Filtered (after reverse osmosis) 

pH @ 25°C 8.1 pH Units 8.4 pH Units 

Conductivity at 25°C 1800 µS/cm 490 µS/cm 

Total, Hardness (CaCO3) 250 mg/L 70 mg/L 

Ammonia (NH3) 9.1 mg/L 0.15 mg/L 

Ammonia Carbonate ([NH4]2CO3) 27 mg/L 0.36 mg/L 

Ortho Phosphate (PO4) <0.1 mg/L <0.1 mg/L 

Phenolphthalein Alkalinity (CaCO3) <10 mg/L <10 mg/L 
 
  

Table 5: Reverse osmosis for wastewater treatment year 2018 - Other analytes (Results)
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say that the Reverse Osmosis process was efficient for 
the removal of anions and cations from wastewater.

For the statistical analysis presented in Table 12,  
the null hypothesis was used (it is assumed that 
both variables are equal, in other words, that 
there is no difference between both variables) and 
0.05 as the alpha value. So: 0.05 (alpha value) is 
> than 0.012667005 (P(T<=t) one-tail value) and 
2.438574541 (t Stat) > 1.734063607 (t Critical one-
tail). Therefore, the null hypothesis is rejected. 
This shows that there are differences between the 
concentrations of anions and cations present in the 
wastewater before and after being treated by reverse 
osmosis. The data reflects that the values ​​are lower 

after reverse osmosis treatment. Therefore, and 
according to this statistical analysis, it is appropriate to 
say that the Reverse Osmosis process was efficient for 
the removal of anions and cations from wastewater.

For the statistical analysis presented in Table 
13, the null hypothesis was used (it is assumed 
that both variables are equal, in other words, that 
there is no difference between both variables) and 
0.05 as the alpha value. So: 0.05 (alpha value) is 
< than 0.051902856 (P(T<=t) one-tail value) and 
-1.713416519(t Stat) < 1.734063607 (t Critical one-
tail). Therefore, the null hypothesis is accepted. 
This shows that there are practically no differences 
between the concentrations of anions and cations 

Table 6: Reverse osmosis for wastewater treatment year 2019- Cations (Results) 
 

Cations - Metal Raw Water (before reverse osmosis) Filtered (after reverse osmosis) 

Aluminium (Al) <0.03 mg/L <0.03 mg/L 

Barium (Ba) 0.020 mg/L 0.020 mg/L 

Boron (B) 0.54 mg/L 0.53 mg/L 

Cadmium (Cd) <0.005 mg/L <0.005 mg/L 

Calcium (Ca) 41 mg/L 13 mg/L 

Calcium Carbonate (CaCO3) 100 mg/L 25 mg/L 

Chromium (Cr) <0.016 mg/L <0.016 mg/L 

Copper (Cu) 0.08 mg/L 0.06 mg/L 

Iron (Fe) <0.02 mg/L <0.02 mg/L 

Lead (Pb) <0.11 mg/L <0.11 mg/L 

Lithium (Li) 0.012 mg/L 0.11 mg/L 

Magnesium (Mg) 26 mg/L 13 mg/L 

Magnesium Carbonate (MgCO3) 110 mg/L 39 mg/L 

Manganese (Mn) <0.005 mg/L <0.005 mg/L 

Molybdenum (Mo) <0.08 mg/L <0.08 mg/L 

Nickel (Ni) <0.01 mg/L <0.01 mg/L 

Phosphorus (P) 0.48 mg/L 0.45 mg/L 

Potassium (K) 10 mg/L 4 mg/L 

Silicon (Si) 21 mg/L 20 mg/L 

Silica (SiO2) 46 mg/L 44 mg/L 

Sodium (Na) 420 mg/L 59 mg/L 

Sodium Carbonate (NaCO3) 910 mg/L 83 mg/L 

Strontium (Sr) 0.158 mg/L 0.035 mg/L 

Vanadium (V) <0.01 mg/L <0.01 mg/L 

Zinc (Zn) 0.02 mg/L 0.02 mg/L 
 
  

Table 6: Reverse osmosis for wastewater treatment year 2019- Cations (Results)
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present in wastewater before being treated by 
reverse osmosis from the years 2018 and 2019.

For the statistical analysis presented in Table 
14, the null hypothesis was used (it is assumed that 
both variables are equal, in other words, that there 
is no difference between both variables) and 0.05 
as the alpha value. So: 0.05 (alpha value) is > than 
0.427047 (P(T<=t) one-tail value) and -0.186559(t 
Stat) < 1.734064 (t Critical one-tail). Therefore, 
the null hypothesis is accepted. This shows that 
there are practically no differences between the 
concentrations of anions and cations present in 
wastewater after being treated by reverse osmosis in 
the years 2018 and 2019. Finally, with this result, it 
can be said that the removal process of anions and 
cations is one consistent over time. With the result 
of the previous 4 statistical analyses, it is appropriate 
to establish that the reverse osmosis system is 
efficient for the removal of anions and cations from 
wastewater.  Is important to mention that the reused 
water must have certain characteristics according to 

the place where it will be used.  In this case, the most 
important characteristic evaluated to determine if 
water can be reused in cooling towers and boilers 
was conductivity.  Table 10 presents the wastewater 
conductivity results obtained before and after 
pretreatments and reverse osmosis during June and 
July 2023. The range of conductivity obtained before 
reverse osmosis was 1339 to 1525 micro-Siemens 
during June 2023 and 1336 to 1555 micro-Siemens 
for July 2023.  For samples after reverse osmosis, 
the range obtained was 181 to 475 micro-Siemens 
during June 2023 and 209 to 618 micro-Siemens for 
July 2023.  In addition, statistical analysis for Paired 
T-test was performed from the data of Table 10, refer 
to Tables 15 and 16.  The company’s utility supervisor 
let it be known that although conductivity ranges in 
wastewater after treatment are generally from 200 to 
300 micro-Siemens, the obtained ranges from June 
and July 2023 after reverse osmosis are acceptable 
for reuse in cooling towers and boilers.  Therefore, 
it is appropriate to say that the use of a reverse 

Table 7: Reverse osmosis for wastewater treatment year 2019- Anions (Results)  
 

Anions Raw Water (before reverse osmosis) Filtered (after reverse osmosis) 

Chloride (Cl) 280 mg/L 55 mg/L 

Nitrite (NO2) <2.0 mg/L <2.0 mg/L 

Bromide (Br) <2.0 mg/L <2.0 mg/L 

Nitrate (NO3) <2.0 mg/L <2.0 mg/L 

Sulfate (SO4) 180 mg/L 58 mg/L 

Chloride Carbonate (ClCO3) 390 mg/L 61 mg/L 

Nitrate Carbonate (NCO3) <1.6 mg/L <1.6 mg/L 
Sulphate Carbonate ([SO4]CO3) 190 mg/L 60 mg/L 

 
  

Table 7: Reverse osmosis for wastewater treatment year 2019- Anions (Results) 

Table 8: Reverse osmosis for wastewater treatment year 2019 - Other analytes (Results) 
 

Other Analytes Raw Water (before reverse osmosis) Filtered (after reverse osmosis) 

pH @ 25°C 8.1 pH Units 8.5 pH Units 

Conductivity at 25°C 2200 µS/cm 540 µS/cm 

Total, Hardness 210 mg/L 55 mg/L 

Ammonia (NH3) 9.2 mg/L 0.14 mg/L 

Ammonia Carbonate ([NH4]2CO3) 25 mg/L 0.40 mg/L 

Ortho Phosphate (PO4) 0.7 mg/L 0.3 mg/L 

Phenolphthalein Alkalinity 11 mg/L 11 mg/L 

 
  

Table 8: Reverse osmosis for wastewater treatment year 2019 - Other analytes (Results)
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osmosis system to treat wastewater allows the reuse 
of said water in other processes such as the cooling of 
towers and boilers.

For the statistical analysis presented in Table 15,  
the null hypothesis was used (it is assumed that 
both variables are equal, in other words, that there 
is no difference between both variables) and 0.05 
as the alpha value. So: 0.05 (alpha value) is > than 
3.68E-27 (P(T<=t) one-tail value) and 47.76286 (t 
Stat) > 1.705618 (t Critical one-tail). Therefore, the 
null hypothesis is rejected. This shows that there 
are differences between the conductivity before 
and after being treated by reverse osmosis. The 
data reflects that the values ​​are lower after reverse 
osmosis treatment. Therefore, and according to this 
statistical analysis, it is appropriate to say that the 
reverse osmosis process was efficient in reducing the 
conductivity of the water.

For the statistical analysis presented in Table 

16, the null hypothesis was used (it is assumed that 
both variables are equal, in other words, that there 
is no difference between both variables) and 0.05 as 
the alpha value. So: 0.05 (alpha value) is > that5.72E-
37(value of P(T<=t) one-tail) and 80.84255(t Stat) 
> 1.697261 (t Critical one-tail). Therefore, the null 
hypothesis is rejected. This shows that there are 
differences between the concentrations of anions and 
cations present in the wastewater before and after 
being treated by reverse osmosis. The data reflects that 
the values ​​are lower after reverse osmosis treatment. 
Therefore, and according to this statistical analysis, it 
is appropriate to say that the reverse osmosis process 
was efficient for the removal of anions and cations 
from wastewater. This study’s finding is consistent with 
the effectiveness of reverse osmosis as a treatment 
for post-treatment wastewater reuse (Calderon et al., 
2017; Calvo et al., 2011; Duque and Donato, 2020; 
Nazer et al., 2018; Reina, M., 2018; Ruiz, R., 2019, 

Table 9: Values used for the paired T-Test associated with results of Anions and Cations before and after the wastewater is treated by reverse 
osmosis  

 

Anion or Cation Water (before reverse 
osmosis) 2018 

Water (after reverse 
osmosis) 2018 

Water (before reverse 
osmosis) 2019 

Water (after reverse 
osmosis) 2019 

Barium (Ba) 0.037 mg/L 0.037 mg/L 0.020 mg/L 0.020 mg/L 

Boron (B) 0.12 mg/L 0.12 mg/L 0.54 mg/L 0.53 mg/L 

Calcium (Ca) 57 mg/L 19 mg/L 41 mg/L 13 mg/L 

Calcium Carbonate (CaCO3) 140 mg/L 40 mg/L 100 mg/L 25 mg/L 

Lithium (Li) 0.011 mg/L 0.011 mg/L 0.012 mg/L 0.11 mg/L 

Magnesium (Mg) 26 mg/L 14 mg/L 26 mg/L 13 mg/L 
Magnesium Carbonate 

(MgCO3) 110 mg/L 40 mg/L 110 mg/L 39 mg/L 

Phosphorus (P) 0.19 mg/L 0.18 mg/L 0.48 mg/L 0.45 mg/L 

Potassium (K) 12 mg/L 8 mg/L 10 mg/L 4 mg/L 

Silicon (Si) 20 mg/L 19 mg/L 21 mg/L 20 mg/L 

Silica (SiO2) 43 mg/L 42 mg/L 46 mg/L 44 mg/L 

Sodium (Na) 350 mg/L 40 mg/L 420 mg/L 59 mg/L 

Sodium Carbonate (NaCO3) 750 mg/L 78 mg/L 910 mg/L 83 mg/L 

Strontium (Sr) 0.177 mg/L 0.025 mg/L 0.158 mg/L 0.035 mg/L 

Zinc (Zn) 0.03 mg/L 0.03 mg/L 0.02 mg/L 0.02 mg/L 

Chloride (Cl) 180 mg/L 40 mg/L 280 mg/L 55 mg/L 

Sulfate (SO4) 190 mg/L 65 mg/L 180 mg/L 58 mg/L 

Chloride Carbonate (ClCO3) 250 mg/L 70 mg/L 390 mg/L 61 mg/L 

Sulphate Carbonate (SO4]CO3) 190 mg/L 66 mg/L 190 mg/L 60 mg/L 
 
  

Table 9: Values ​​used for the paired T-Test associated with results of Anions and Cations before and after the wastewater is treated by 
reverse osmosis 
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Table 10: Conductivity values obtained before and after pretreatments and reverse osmosis during June and July 2023 
 

Day 
Conductivity in June 

(before reverse osmosis) 
micro siemens 

Conductivity in June 
(after reverse osmosis) 

micro siemens 

Conductivity in July (before 
reverse osmosis) 

micro siemens 

Conductivity in July (after 
reverse osmosis) 

micro siemens 

1 1447 360 1412 209 

2 1441 340 1411 237 

3 1369 405 1415 250 

4 1395 403 1436 248 

5 1339 337 1398 248 

6 1446 387 1355 225 

7 ** ** 1347 228 

8 ** ** 1336 237 

9 ** ** 1336 233 

10 1436 370 1419 259 

11 1459 475 1394 264 

12 1478 461 1554 295 

13 1447 449 1555 304 

14 1439 404 1501 286 

15 1503 399 1473 352 

16 1411 288 1432 618 

17 1377 303 1470 295 

18 1396 206 1461 328 

19 1402 454 1371 273 

20 1397 377 1394 388 

21 1400 406 1458 315 

22 1407 389 1497 337 

23 1436 260 1496 306 

24 1445 190 1486 312 

25 1449 229 1486 270 

26 1524 193 1460 287 

27 1522 195 1458 296 

28 1525 198 1434 339 

29 1467 191 1450 308 

30 1394 181 1485 314 

31 N/A                                    N/A 1491 323 

 
  

Table 10: Conductivity values ​​obtained before and after pretreatments and reverse osmosis during June and July 2023

Partal et al., 2022; Engstler et al., 2022). The third 
objective of this study was to evaluate the possibility 
of reducing the consumption of fresh water and the 
generation of wastewater using reverse osmosis). The 
results of gallons reuse treated by reverse osmosis at 

Guayama Industry were used to evaluate this objective 
(Table 17).

Table 17 presents the quantity of gallons of water 
reused in cooling towers and boilers. The gallons 
results were as follows: 325,000 gallons in February, 
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Table 11: Paired T-Test for Cations and Anions from Water Analysis 2018 (Data from Table 9 - before reverse osmosis 2018 versus after reverse 
osmosis 2018)  

 
Statistical Parameter Raw Water (before reverse osmosis) Filtered (after reverse osmosis) 

mean 122.0297368 28.49489474 

Variance 33732.45597 737.9904622 

Observations 19 19 

Pearson Correlation 0.776664572  

Hypothesized Mean Difference 0  

df 18  

tStat 2.494192558  

P(T<=t) one-tail 0.011289425  

t Critical one-tail 1.734063607  

P(T<=t) two-tail 0.022578849  

t Critical two-tail 2.10092204  

  T-Test: Paired Two Sample for Means 
  

Table 11: Paired T-Test for Cations and Anions from Water Analysis 2018 (Data from Table 9 - before reverse osmosis 2018 versus after 
reverse osmosis 2018) 

Table 12: Paired T-Test for Cations and Anions from Water Analysis 2019 (Data from Table 9 - before reverse osmosis 2019 vs after reverse 
osmosis 2019)  

 
Statistical Parameter Raw Water (before reverse osmosis) 2019 Filtered (after reverse osmosis) 2019 

mean 143.4331579 28.16657895 

Variance 52207.01128 769.0405724 

Observations 19 19 

Pearson Correlation 0.830526593  

Hypothesized Mean Difference 0  

df 18  

tStat 2.438574541  

P(T<=t) one-tail 0.012667005  

t Critical one-tail 1.734063607  

P(T<=t) two-tail 0.025334009  

t Critical two-tail 2.10092204  

  T-Test: Paired Two Sample for Means 
   

Table 12: Paired T-Test for Cations and Anions from Water Analysis 2019 (Data from Table 9 - before reverse osmosis 2019 vs after reverse 
osmosis 2019) 

393,000 gallons in March, 369,000 in April, 397,000 
in May, 395,000 in July, 453,000 in July, and 65,000 
in August. This represented a total of 2,397,000 
gallons of fresh water that were not consumed 
and 2,397,000 gallons of wastewater that were 
not discarded into the sewer. The highest amount 
of water reused was 453,000 gallons in July 2023, 
while the lowest was 325,000 gallons in February.   
It is necessary to mention that during February, 

the system was turned off for 3 days due to a leak 
in the inlet pump and the month had fewer days, 
which is why the value of reused gallons decreased 
by 128,000 gallons compared to July. The daily range 
of water reuse with the reverse osmosis system was 
8,000 to 19,000 gallons. According to the company’s 
utility supervisor, this system can reuse up to 550,000 
gallons per month. In addition, a Pearson test was 
performed using data from Table 17 (Table 18).   
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Table 13: Paired T-Test for Cations and Anions from Water Analysis 2018 (Data from Table 9- before reverse osmosis 2018 vs before reverse 
osmosis 2019)  

 
Statistical Parameter Raw Water (before reverse osmosis) 2018 Raw Water (before reverse osmosis) 2019 

mean 122.0297368 143.4331579 

Variance 33732.45597 52207.01128 

Observations 19 19 

Pearson Correlation 0.98861495  

Hypothesized Mean Difference 0  

df 18  

tStat -1.713416519  

P(T<=t) one-tail 0.051902856  

t Critical one-tail 1.734063607  

P(T<=t) two-tail 0.103805711  

t Critical two-tail 2.10092204  

     T-Test: Paired Two Sample for Means  
 
  

Table 13: Paired T-Test for Cations and Anions from Water Analysis 2018 (Data from Table 9- before reverse osmosis 2018 vs before 
reverse osmosis 2019) 

Table 14: Paired T-Test for Cations and Anions from Water Analysis 2018 (Data from Table 9- after reverse osmosis 2018 vs after reverse 
osmosis 2019)  

 

Statistical Parameter Filtered (after reverse osmosis) 2018 Filtered (after reverse osmosis) 2019 

mean 28.49489 28.16658 

Variance 737.9905 769.0406 

Observations 19 19 

Pearson Correlation 0.961157  

Hypothesized Mean Difference 0  

df 18  

tStat 0.186559  

P(T<=t) one-tail 0.427047  

t Critical one-tail 1.734064  

P(T<=t) two-tail 0.854093  

t Critical two-tail 2.100922  

T-Test: Paired Two Sample for Means 
  

Table 14: Paired T-Test for Cations and Anions from Water Analysis 2018 (Data from Table 9- after reverse osmosis 2018 vs after reverse 
osmosis 2019) 

To apply the Pearson test to the data in Table 17, 
the values ​​of the reused gallons for March, May, 
and July were selected since these months had the 
same number of days and within them, there was no 
interruption for the reuse of gallons.  To determine 
the correlation value of the lines in Table 18, the 
following ranges were used:

•	 r= 1; perfect linear correlation
•	 0.8 < r <1 = very high linear correlation
•	 0.6 < r <0.8 = high linear correlation
•	 0.4 < r <0.6 = moderate linear correlation
•	 0.2 < r <0.4 = low linear correlation
•	 0 < r <0.2 = very low linear correlation
•	 r= 0; null linear correlation
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Table 15: Paired T-test for Conductivity in June (before reverse Osmosis) vs Conductivity in June (after reverse osmosis) (Data from Table 10)  
 

Statistical Parameter June (before reverse osmosis) June (after reverse osmosis) 

mean 1435.222 327.7778 

Variance 2279,872 9794.41 

Observations 27 27 

Pearson Correlation -0.25829  

Hypothesized Mean Difference 0  

df 26  

tStat 47.76286  

P(T<=t) one-tail 3.68E-27  

t Critical one-tail 1.705618  

P(T<=t) two-tail 7.36E-27  

t Critical two-tail 2.055529  

 T-Test: Paired Two Sample for Means 
  

Table 15: Paired T-test for Conductivity in June (before reverse Osmosis) vs Conductivity in June (after reverse osmosis) 
(Data from Table 10) 

Table 16: Paired T-Test for Conductivity in July (before reverse osmosis) vs Conductivity in July (after reverse osmosis) (Data from Table 10) 
 
 

Statistical Parameter July (before reverse osmosis) July (after reverse osmosis) 

mean 1441 296.2581 

Variance 3326.733 5349.465 

Observations 31 31 

Pearson Correlation 0.291616  

Hypothesized Mean Difference 0  

df 30  

tStat 80.84255  

P(T<=t) one-tail 5.72E-37  

t Critical one-tail 1.697261  

P(T<=t) two-tail 1.14E-36  

t Critical two-tail 2.042272  

T-Test: Paired Two Sample for Means   

Table 16: Paired T-Test for Conductivity in July (before reverse osmosis) vs Conductivity in July (after reverse osmosis) (Data from Table 10)

According to the results in Table 18, March and 
May obtained a low linear correlation, March, and 
July a very low correlation, and May and July a high 
linear correlation.  Therefore, May and July are the 
results with the greatest linear correlation.

The results of this study showed that reverse 
osmosis is an effective system for treating well water 
for human use and enabling the reuse of wastewater 
after treatment. A total of 2,397,000 gallons of 
wastewater were treated and reused for cooling 
towers and boilers (Table 17), representing the same 

amount of freshwater conserved and wastewater 
not discharged into the sewer system. The metrics 
analyzed were total organic carbon, conductivity, 
nitrate levels, and total aerobic microbial population. 
Total organic carbon in the samples ranged from 3 to 
29 ppb and conductivity was between 0.3 μS/CM and 
1.0 μS/CM (Table 1). Nitrate levels were all under 0.2 
ppm (0.2 mg/l) (Table 2). Total aerobic bacteria counts 
were 0 cfu per milliliter. Regarding the feasibility of 
reusing wastewater post-reverse osmosis treatment, 
the findings showed decreased levels of anions and 
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cations in the treated wastewater (Tables 3, 4, 6, 
and 7). Additionally, all reverse osmosis-treated well 
water samples tested in 2022 met the quality control 
laboratory criteria.

CONCLUSION
Freshwater, comprising only 2.5% of Earth’s total 

water, stands as a crucial yet finite resource, indispensable 
for various industries including pharmaceuticals, 
textiles, food production, and agriculture. The effective 
disposal of wastewater from these sectors is imperative 
to meet environmental standards. This study aimed to 
assess the efficacy of reverse osmosis systems in treating 
well water for human consumption, investigating 
the potential for reusing treated wastewater, and 

evaluating the feasibility of reducing both freshwater 
consumption and wastewater generation. Through the 
analysis of qualitative and quantitative data collected 
from the manufacturing industry in Guayama, Puerto 
Rico, spanning the years 2018, 2019, 2022, and 
2023, statistical analyses were conducted utilizing 
the Paired T-Test and Pearson correlation tests with 
Minitab Statistical Software (Version 21.1.0). The 
findings demonstrate the effectiveness of RO systems 

Table 17: Gallons of reused water during the year 2023  
 

Day 
Reuse for 
February 
(gallons) 

Reuse for 
March 

(gallons) 

Reuse for 
April 

(gallons) 

Reuse for 
May 

(gallons) 

Reuse for 
June 

(gallons) 

Reuse for 
July 

(gallons) 

Reuse for 
August 

(gallons) 
1 15,000 11,000 12,000 15,000 11,000 18,000 13,000 
2 15,000 11,000 15,000 15,000 11,000 19,000 13,000 
3 12,000 15,000 14,000 15,000 11,000 16,000 9,000 
4 13,000 15,000 12,000 15,000 11,000 17,000 0* 
5 0** 15,000 13,000 15,000 9,000 17,000 0* 
6 0** 8,000 13,000 15,000 13,000 16,000 0* 
7 0** 8,000 12,000 15,000 0** 19,000 0* 
8 17,000 16,000 12,000 15,000 0** 17,000 0* 
9 17,000 8,000 9,000 15,000 0** 16,000 0* 

10 14,000 9,000 12,000 15,000 14,000 17,000 4,000 
11 12,000 17,000 9,000 15,000 17,000 16,000 10,000 
12 13,000 17,000 9,000 15,000 15,000 14,000 8,000 
13 13,000 12,000 9,000 15,000 15,000 10,000 18,000 
14 13,000 17,000 8,000 15,000 13,000 13,000 0** 
15 17,000 17,000 8,000 15,000 12,000 16,000 0** 
16 10,000 15,000 8,000 15,000 13,000 16,000 0** 
17 12,000 15,000 8,000 15,000 13,000 15,000 0** 
18 12,000 15,000 11,000 12,000 13,000 15,000 0** 
19 12,000 15,000 12,000 12,000 17,000 10,000 0** 
20 10,000 18,000 11,000 12,000 18,000 14,000 0** 
21 16,000 18,000 11,000 12,000 17,000 14,000 0** 
22 16,000 17,000 15,000 11,000 17,000 14,000 0** 
23 15,000 17,000 15,000 11,000 12,000 13,000 0** 
24 15,000 8,000 15,000 10,000 18,000 13,000 0** 
25 10,000 8,000 15,000 10,000 15,000 11,000 0** 
26 10,000 8,000 15,000 9,000 20,000 14,000 0** 
27 8,000 12,000 15,000 9,000 18,000 13,000 0** 
28 8,000 11,000 18,000 9,000 18,000 13,000 0** 
29 N/A 11,000 18,000 9,000 18,000 13,000 0** 
30 N/A 9,000 15,000 8,000 16,000 13,000 0** 
31 N/A 9,000 N/A 8,000 N/A 11,000 0** 

Total, gallons (by month) 325,000 393,000 369,000 397,000 395,000 453,000 65,000 
Total gallons (all months) 2,397,000       

*reverse osmosis shutdown CIP cleaning. ** reverse osmosis off liquefaction in inlet pump. 
  

Table 17: Gallons of reused water during the year 2023 

Table 18: Results for Pearson test (data from Table 17)  
 

Months Correlation 
March and May 0.309645 
March and July 0.013738 
May and July 0.631223 

 

Table 18: Results for Pearson test (data from Table 17) 
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in treating well water for human use and underscore 
the feasibility of reusing treated wastewater for non-
consumptive purposes, such as in cooling towers and 
boilers, resulting in a significant reduction in both 
freshwater consumption and wastewater disposal. 
The study successfully addressed its research question 
by confirming that the implementation of reverse 
osmosis systems can substantially reduce freshwater 
extraction in Puerto Rico. Furthermore, it achieved 
its goals of evaluating the treatment effectiveness of 
well water, exploring wastewater reuse potential, and 
reducing freshwater use and wastewater production. 
The results underscore the urgent need to adopt 
sustainable water management practices to mitigate 
the overexploitation and pollution of freshwater 
resources, vital for socioeconomic development, 
food and energy production, ecosystem health, and 
human survival. Essential measures include enhancing 
hydraulic infrastructure, managing water resources 
efficiently, deploying innovative technologies, and 
conducting public awareness campaigns. Educating 
citizens and stakeholders about the repercussions of 
unsustainable water use and providing support systems 
can foster sustainable economic development and 
prevent environmental degradation. In conclusion, this 
research affirms the efficacy of reverse osmosis systems 
in treating well water and wastewater, highlighting 
their potential for sustainable water management. 
The study validates that RO-treated well water meets 
quality standards for human consumption, and the 
reuse of treated wastewater in industrial applications 
significantly curtails freshwater consumption and 
wastewater discharge. Notably, the reuse of 2,397,000 
gallons of wastewater conserves an equivalent 
amount of freshwater, contributing to environmental 
sustainability. While these findings suggest reverse 
osmosis technology as a promising solution for 
addressing water scarcity, further research is warranted 
to optimize processes and ensure long-term safety and 
efficiency.
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