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ABSTRAST

Ocean acidification is the drop in pH caused by the absorption of anthropogenic 

carbon dioxide produced by the combustion of fossil fuels, among other human 

activities, increasing the acidity of water and decreasing the availability of 

carbonates, which threatens the survival of Calcareous marine species: corals, oysters, crabs 

and lobsters, among others. These effects constitute a threat in the Nicaraguan Caribbean, so a 
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monitoring of the physical-chemical parameters of the water was carried out in Cayos Miskitos 

(Puerto Cabezas, Autonomous Region of the North Atlantic, RAAN) in July, September and 

November 2018; February and March 2019. The samplings were carried out with the collaboration 

of IREMADES-URACCAN technicians. The physical-chemical parameters measured were: pH, 

total alkalinity, dissolved oxygen and nutrients; they were analyzed by standard methods. The 

pH presented normal values for seawater (8.05 and 8.19 pH units), while alkalinity showed 

values slightly above the typical values for seawater (118 to 124 mg / l-1 as CaCO3). NTD 

concentrations at all sampled sites represented approximately 50% of NT concentrations, while 

the presence of FT, FTD and FRD is due to the phenomenon of outcrop to the surface of deeper 

waters. These results highlight the importance of studying pH and alkalinity to know its impact 

on the evolution of ocean acidification and its effects to support policies aimed at mitigating the 

phenomena of warming and adaptation to climate change.

1. INTRODUCTION

Ocean acidification is the decline in the course of pH in Earth’s oceans, caused by the 

absorption of anthropogenic carbon dioxide from the atmosphere. It is estimated that since the 

industrial revolution the pH has decreased by 0.1 units, a trend that in recent decades has been 

maintained at a rate of -0.0014 to -0.0024 per year (IPCC, 2013).

Human activities such as, changes in land uses, the combustion of fossil fuels is and the 

production of cement has meant a new contribution of carbon dioxide (CO2) to the atmosphere. 

The ocean plays an important role in the absorption of atmospheric CO2, When CO2 is absorbed 

by the ocean it reacts with water and a balance is formed between ionic and non-ionic chemical 

species: free CO2 in solution, carbonic acid (H2CO3), bicarbonate (HCO3
-) and carbonate (CO3

2-). 

A large increase in CO2 decreases the pH of sea surface water by increasing acidity, decreasing 

the availability of carbonates, which threatens the survival of many marine species, mainly 

calcareous organisms such as corals, sea stars, oysters, crabs, prawns, mussels, lobsters and other 

marine species such as macro algae communities, sea grass meadows and mangrove ecosystems 

(Waycott et al,2007; Brierley & Kingsford, 2009; Porzio, Buia, & Hall. 2011; Comeaux, Mead, & 

Bianchi, 2012; Jennerjahn, 2012).

The main effects of water acidification, as well as rising sea levels, constitute potential 

threats to ecosystems in Nicaragua’s Caribbean maritime areas, because many families depend 

on fishing, so the health of the ecosystem must be conserved and preserved. According to 

Humbolt (2008), of every ten seafood products exported by Nicaragua, five come from the 

autonomous region of the Caribbean, so it is important to develop water quality monitoring 

programs in miskitos Keys in the Caribbean Sea, with the aim of knowing the fluctuations of 

pH, alkalinity, dissolved oxygen and nutrient and create a database that allows, to contribute 
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to the exploration of the signals of ocean acidification and its impact on marine and coastal 

ecosystems in the maritime territory of the Caribbean.

2. METHODOLOGY

The Miskitos Keys are located in the northeast of Nicaragua, municipality of Puerto 

Cabezas, North Atlantic Autonomous Region (NAAR), at an approximate distance of 560 km 

from the city of Managua. For the estimation of ocean acidification, point measurements were 

made in various periods of physical and chemical parameters in the water at two study sites in 

Miskitos Keys. The samples were collected following the recommendations of project RLA7020 

“Base line study for the evaluation of acidification in the Caribbean of Nicaragua using nuclear 

and isotopic techniques”, in Cayos Miskitos (Puerto Cabezas) in the months of July, September 

and November 2018; February and March 2019, at two sampling sites: Pto 1. northeast Cayo 

Mayor Miskitos and Pto 2. Northeast Cayo Mayor Miskitos (Fig. 1).

Figure 1. 

Location of sampling points for the collection of water samples in Miskitos Keys (RAAN).

Water samples were taken using a Van Dorn bottle to perform analyses of pH, total 

alkalinity, dissolved oxygen (DO) and nutrient (total nitrogen (TN), total dissolved nitrogen 

(TDN) , ammonia nitrogen (N-NH3), total phosphorus (FT), total dissolved phosphorus (TDP), 

dissolved reactive phosphorus(DRP). The water samples were collected and preserved following 

field procedures by technicians and specialists from the University of Autonomic Region of 

the Nicaraguan Caribbean Coast (URACCAN), then transported to be analyzed following the 

Standard Operating Procedures (SOP) of the Natural Water Laboratory of CIRA/UNAN according 

to the Standard Methods for the Examination of Water and Wastewater. 22 nd Edition (Table 1). 

As a quality test for physical and chemical analyses, standards recovery tests were established to 

verify the good performance of analytical techniques, targets, control samples and duplicates.
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Table 1. Methods used in physical and chemical analyses of water.

Physical- chemical parameters 
analyzed

Methods

pH 4500.H+B. Electrometric Method

Total Alkalinity as CaCO3 2320 B. Titrimetric method

Dissolved oxygen 4500 O.C1

Total Nitrogen Second Derivative2

Dissolved Organic Nitrogen Second Derivative2

Ammonia Nitrogen 4500-NH3F1

Total Phosphorus 4500-P.B.E1

Total Dissolved Phosphorus 4500-P.E1

Dissolved Reactive Phosphorus 4500-P.E1

1. American Public Health Association (APHA, 2012) Standard Methods for the Examination of Water and 

Wastewater. 22 nd Edition. Washington APHA.

2. (Crumpton, Isenhart, & Mitchell, 1982) Nitrate an Organic N analysis with second derivate spectroscopy. 

Limnology & Oceanography 37-907-913.

3. RESULTS AND DISCUSSION

3.1. pH

The pH values in the 2 months studied in Pto 1 reached a minimum value of 8.03 in 

September 2018 and a maximum of 8, 19 in March 2018, while in the 4 months sampled in 

Pto 2 the pH registered a minimum value of 8, 05 in September 2018 and February 2019 and 

a maximum in March 2019, coinciding with the maximums in Pto 1 and Pto 2 in March 2019 

(Fig. 2).
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Figure 2. 

pH values obtained at the sites sampled in Miskitos Keys (Puerto Cabezas) in the dry and rainy 
season.

In general, seawater is slightly alkaline and the value of its pH is between 7.5 and 8.4 pH 

units and varies depending on the temperature; if it increases, the pH decreases and tends to 

acidity; also, it can vary depending on the salinity, pressure or depth and vital activity of marine 

organisms (Cifuentes, Torres, & Frías, 1997). The pH behavior at the two sites sampled in this 

study is among the normal values for seawater. Pto 2 showed a significant increase in March 

2019 at both sampled sites, being slightly alkaline when compared to the sites sampled in this 

study.

In seawater the anions HCO3
- and CO3

2- present high concentrations that give rise to 

alkaline pH between 7,5 and 8.5 units of pH (De La Lanza Espino, 2001). It should be noted 

that the pH values obtained in all the sampled sites could be related to increases in water 

temperatures, which favored the precipitation processes of CaCO3
2- and that would explain the 

pH obtained in this study. The pH in all the months sampled had no major changes in time and 

space. The pH found in this study is similar to that reported by (Delvalls, 1999) in more distant 

areas of the coast which found pH values of 8.3 pH units.

3.2. Alcalinity

The alkalinity values found are quite similar in Pto 1 and Pto 2 in all months sampled 

with an average value of 86.83mg.l-1 and 101.45 mg.l-1 respectively (Fig.3). Pto 2 presented the 

highest alkalinity values with 124 mg.l-1 in November 2018 and 124, 01mgl-1 in February 2019. 
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This situation could reflect an increase in productivity resulting in a greater elimination of CO2 

from the water column (Delvalls, 1999) that together with increases in water temperature would 

favor the precipitation processes of CaCO3
2- and that at the same time would explain the pH 

values found in this study.

Figure 3. 

Alkalinity values obtained at the sites sampled in Miskitos Keys (Puerto Cabezas) in the dry and rainy 
season.

The balance of the ionic forms, bicarbonate and carbonate is controlled by the pH, being 

found that at high pH between 7.00 and 9.00units of pH bicarbonates predominate (De La Lanza 

Espino, 2001). Alkalinity depends essentially on the concentrations of bicarbonates, carbonates 

and hydroxides (Ramírez & Viña, 1998). The primary components of the alkalinity of aquatic 

systems, carbonate and bicarbonate stabilize the pH about 8 which is beneficial for most aquatic 

plants and animals; therefore, the alkalinity found in Pto 1 and Pto 2 in this study is strongly 

related to the pH found at all sampled sites (8.03 – 8.19 pH units). The alkalinity found in this 

study is slightly above the values of seawater which establishes a total alkalinity of 100 ppm 

CaCO3 (Custodio & Llamas, 2001).

3.3. Dissolved Oxygen

Dissolved oxygen (DO) is considered one of the most important variables for the survival 

of fish and other aquatic life organisms within seawater (Bustos, 2003). Do concentrations 

found at all sites sampled in the rainy and dry season presented a minimum of 7.50 mg.l-1 in 

February 2019and a maximum of12.06 mg.l-1 in November 2018 and March 2018(Fig.4). The 

highest concentrations of DO in this study were found in Pto 2 compared to those recorded in 

Pto 1. The behavior of the DO in this study could be related to the circulation of water masses, 
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photosynthetic activity, temperature, salinity and the balance with the amount that exists in the 

atmosphere being its high values.

Figure 4. 

Dissolved oxygen concentrations obtained at the sites sampled in Miskitos Keys (Puerto Cabezas) in 
the dry and rainy season.

The D.O. Concentrations obtained during the study were optimal for aquatic biota with 

values between 7.50 mg.l-1 and 12.06 mg.l-1. The behavior of dissolved oxygen in this research 

varied with respect to that found by CIMAB (2010), which showed values between 6.20 mg l-1 

and 7.06 mg l-1. It is relevant to mention that the variability of the levels of dissolved oxygen 

in the sea occurs depending on the temperatures of the different geographical areas and the 

concentrations of dissolved oxygen are greater or increase as they move away from the coast. The 

minimum values found in the upwelling areas are 1 ml/l and in the areas of great photosynthesis 

it is common to find values of 8.5ml/l (Bustos, 2003).

3.4. Nutrients

3.4.1 Nitrogen

Total Nitrogen

Nitrogen is the gas found in greater proportion in the sea, but due to its inert nature it 

does not intervene in the biological cycle of nitrogenous substances, although there are certain 

bacteria in the sea that are capable of producing it and others of fixing it (Cifuentes, Torres, & 

Frías, 1997). The Total Nitrogen (TN) in Pto 1 ranged from 1,245 mgl-1 to 4,737mg.l-1, while in 
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Pto 2 it ranged from 2,096 mg.l-1 to 7,986 mg.l-1, obtaining in both sites the highest value in 

November 2018 (Fig.5).

Figure 5. 

Nt and NTD concentrations obtained at the sites sampled in Miskitos Keys (Puerto Cabezas) in the 
dry and rainy season.

Overall, the average total concentration of nitrogen in the ocean is 11.5 ppm, of which 

11 ppm is in the form of N2 (CCO, 2013). In this research the NT showed a defined pattern for 

the months of July 2018, September 2018 and March 2019, however, it presented changes in 

its concentrations for the months of November 2018 and February2019. The distribution of 

nitrogen depends on temperature, salinity, the circulation of the mixing processes (nutrients 

come back to the surface, by rising water currents, which occur when the temperature of the 

different bodies of water changes, in the so-called upwelling or upwelling zones, where it is 

take nor by organisms in the fotic zone), the diffusion that takes place in oceanic waters and by 

the excretions and death of marine plants and animals (Cifuentes, Torres, & Frías, 1997). This 

situation shows that the TN in November 2018 and February 2019 in Pto 1 and Pto 2 comes 

to the surface again, by rising water currents, by the excretions and death of marine plants and 

animals. The TN concentrations in this study were higher when compared to those found in 

CIMAB (2010) because they presented a heterogeneous horizontal distribution pattern, with 

extreme values ranging from 1.524 mg.l-1 to 0.753 mg.l-1.

Total Dissolved Nitrogen (TDN)

Total Dissolved Nitrogen (TDN) concentrations in Pto 1 ranged from 1,043mg.l-1 to 

2,406 mg.l-1, while for Pto 2 concentrations ranged from 1,102 mg.l-1 to 5,903 mg.l-1 (Fig. 5). It 

is important to note that in both sampling points the highest concentrations were presented in 
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the month of November 2018, with Pto 2 being the one that presented the highest concentration 

of TDN for this study very close to the average value of 2,177 mg.l-1.

NTD concentrations at all sampled sites accounted for approximately 50% of TN 

concentrations (Fig.5). The TDN showed a very varied distribution pattern between points and 

times sampled, possibly caused by the rising water currents that occur when the temperature 

changes in the study area. According to Cifuentes, Torres, & Frías(1997), the circulation of water 

in the sea intervenes in the concentration of nutrients.

Ammoniac AL nitrogen

Ammonia nitrogen concentrations represented a small fraction of the total nitrogen 

concentration, indicating that it is mainly represented by newly sourced organic nitrogen 

containing large amounts of unassimilated organic matter. The results of Ammonia Nitrogen in 

Pto 1 and Pto 2 registered variations between the months sampled, obtaining the highest values 

in March 2019 with 0.106 mgl-1 and 0.051 mg.l-1 respectively(Fig.6). Pto 1 recorded the highest 

values of ammonia nitrogen in this study, obtaining in the month of March 2019 the highest 

concentration with 0.106mg.l-1 well above the average value of 0.047 mg.l-1). It should be noted 

that the results obtained at both sampling points in the five campaigns carried out in the study 

represented a small fraction of the total nitrogen.

Figure 6. 

Variations of the ammonia nitrogen obtained in the sites sampled in Miskitos Keys (Puerto Cabezas) 
in the dry and rainy season.
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The presence of Ammonia Cal Nitrogen (N-NH3) in this study was lower than that found 

by CIMAB (2010) which reported higher values in most of the points sampled between 0.005 

mg.l-1 and 0.142 mg.l-1. According to CIMAB (2010), ammonia nitrogen at pH greater than 

8.0units is harmful to fish life; which did not occur during this monitoring. It is relevant to 

mention that the point sampled in 2019 presented values lower than 0.005 mg.l-1 in this study.

3.4.2 Phosphorus

Total Phosphorus

Total phosphorus (FT) is composed of the species of orthophosphates (soluble 

phosphorus), polyphosphates: pyrophosphates, tripolyphosphates and methosphates and 

organic phosphates. The FT in Pto 1 varied between less than 0.016 mg.l-1 to 0.182 mgl-1,while in 

Pto 2 it varied between less than 0.016 mg.l-1 to 0.123 mg.l-1 (Fig.7),obtaining in both muestreo 

points thehighest value in September 2018, with Pto 1 presenting the highest value, slightly 

higher than the average value obtained in this study with 0.117 mg.l-1.

Figure 7. 

Behavior of the FT and FTD obtained in the sites sampled in Miskitos Keys (Puerto Cabezas) in the 
dry and rainy season.

The presence of TP in the winter season is possibly due to the phenomenon of upwelling 

to the surface of deeper waters. The concentrations of TP in this research were similar in July 20 

18, September 2018 and October 2018 to those found by CIMAB (2010),which reported values 

between 0.127 mg.l-1 and 0.146 mg.l-1. It is relevant to mention, that the points sampled in 

February 2019 and March 2019 presented values lower than 0.016 mg.l-1 in this study, possibly 

caused by a phytoplanktonic explosion. The “bloom” or period of phytoplankton explosion 
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results in a decrease in phosphorus existing in the sea, since the intense consumption cannot 

be compensated by new contributions at the same speed (Cifuentes, Torres, & Frías, 1997). It 

should be noted that other contributions from TP in the study area in July 2019 and September 

2019 possibly come from the remains of dead beings that are deposited in the bottom and on 

whose remains bacteria act, transforming them into inorganic elements.

Total Dissolved Phosphorus

TDP soluble species such as orthophosphate, polyphosphate and organic phosphorus, as 

well as colloidal species and polymers. The concentrations found of total dissolved phosphorus 

(TDP), showed a behavior similar to TP because the highest values were founding Sept-018,with 

Pto 1 presenting the highest value with 0.156 mg.l-1 (Fig.7),higher than the average value found 

in this study (0.074 mg.l-1).

The highest concentrations of TDP founding the winter season (July 2018 and September 

2018) were possibly found by the influence of upwelling and due to updrafts these elements are 

put into circulation towards the upper layers causing the renewal of phosphates. It is in these 

areas that the conditions form to find the highest concentrations of TDP during the winter. 

According to (Cifuentes, Torres, & Frías, 1997), The circulation of water intervenes in the 

concentration of nutrients and they come back to the surface, by rising water currents, which 

occur when the temperature of the different bodies of water changes, in the so-called upwelling 

or upwelling zones. The behavior of the TDP is similar to that of the TP in the months of Feb-

2019 and Mar-2019 because the concentrations found for both species are below 0.016 mg.l-1.

Dissolved Reactive Phosphorus

Dissolved reactive phosphorus (DRP) is a nutrient of great importance because it is used 

by plants, bacteria and algae. The FRD at both sampling points was found below the detection 

limit in all the months sampled (0.016 mg.l-1), which may be due to the need for it being recycled 

very quickly by aquatic microorganisms or the formation of complexes, chelates and insoluble 

salts with some metals that precipitate possibly because it is used by aquatic microorganisms 

in the process of photosynthesis decreasing its concentration. According to CCO (2013), 

phosphates are used by phytoplankton or plant plankton, in the processes of photosynthesis, 

which makes their concentration very variable, both horizontally and vertically. It is relevant to 

mention that the FRD as well as the TP and DRP were below 0.016 mg. l-1 in Pto 1 and Pto 2 in 

February 2019 and March 2019. Overall, the TN and TP concentrations found in this study are 

higher than those reported by the study previously conducted by (CIMAB, 2010).
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4. CONCLUSIONS

The pH results are among the normal values for seawater, however, due to the methodology 

used in the analysis it is likely that there is an impact or CO2 emissions on the ramifications for 

ocean chemistry. The alkalinity is slightly above the values of seawater and reflect an alkaline 

trend, which relates to the pH values found in the water during this study. The variability 

of dissolved oxygen in Nicaragua’s Caribbean water is possibly due to the different physical, 

chemical and biological processes that occur in the sea continuously and that are dependent 

on temperature and salinity. The behavior of the nutrients shows that rising water currents 

intervene, which occur when the temperature of the different bodies of water in the areas called 

upwelling or upwelling change.
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