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Abstract 

 

In their production process, desalination plants generate a waste consisting of seawater with a double 

concentration of salts, called brine, which must be disposed of in a receiving body for its subsequent 

dilution. Normally this receiving body is the marine environment, where an increase in salinity is produced 

in the area immediately surrounding the discharge sector. 

 

This paper shows the results obtained from the environmental studies performed in the marine 

environment of La Chimba desalination plant located in Antofagasta, Chile, during its operation, which 

dates from 2003, focusing on a study performed in 2010. 

 

The results obtained in the detailed study of benthic communities in 2010 reveal that the variation in the 

salinity as a result of the brine discharge has caused the creation of a new ecosystem, in which a greater 

variety of species and a greater number of specimens are observed. 

 

In addition to the study performed in 2010, environmental vigilance plans to take monthly measurements 

of the salinity of the environment, and annual studies of benthic communities have been carried out. 

 

The methodology used for the study involves the periodic analysis of samples of salinity in the area 

immediately surrounding the discharge and the qualitative and quantitative analysis of benthic organisms 

in the zone. 

 

Comparing the results of the study made in 2012 and the monitoring reported in the study from 2010, the 

presence of an ecosystem in the discharge sector is maintained, with the predominant species being 

Aulacomya ater (mussels), making up a bank in the area. 
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I.     INTRODUCTION 

 

La Chimba desalination plant, located in the city of Antofagasta in northern Chile, has a capacity of 600 

litres per second, involving the production of about 670 litres per second of brine that is discharged into 

the sea through an outlet 240 meters long, at a depth of 15 meters. This discharge causes variations in 

salinity in the immediate surroundings, modifying the natural conditions of the marine environment. 

 

In May (autumn), 2010, a detailed qualitative and quantitative study was performed on the benthic 

communities in the sector where the brine from the Plant is discharged, by taking samples and data from 

50 stations spread out in the area of study. 

 

A comparison of the results with follow-up plans on the benthic flora and fauna previously performed in 

the area (2002, 2005 and 2008), enabled determining that there is an increase in the taxa recorded in the 

area, in addition to an increase in the biomass in the discharge zone, mainly as a result of the settlement 

of a bank of “cholgas”, mussels (Aulacomya ater), which also involves the proliferation of their 

depredatory species. 

 

In 2012 (summer), a new study was made of the macro-benthic communities, in which the predominance 

of the Mollusca group could be seen, both in terms of abundance and as a biomass, and highlighting the 

species aulacomya ater, which formed a bank in the area of the study. 

 

Contrasting the results obtained in 2010 and 2012, the following can be pointed out: The presence of 

Aulacomya ater remains as the main resource, forming a bank in the area, as well as the coexistence of 

predators such as echinoderms (especially starfish) and molluscs such as Thais chocolate (“locate”). 

 

It should be mentioned that the characterisation of the brine is monthly done in order to comply with the 

Chilean environmental norms, established in Supreme Decree N° 90, which establishes the emission 

norms for the control of contaminants associated with the discharge of liquid waste to seawater and inland 

surface waters. This characterisation is shown in Table 1. 

 

In turn, a characterisation of seawater is also shown in Table 2. 

 

 
Table 1: characterisation of brine from the La Chimba desalination plant (MLA = Maximum Limit Allowed). 
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Table 2: characterisation of seawater (MLA = Maximum Limit Allowed). 

 

II.     STUDY OF BENTHIC COMMUNITIES 

 

The objective of the study of the benthic communities in the sector where water is discharged from La 

Chimba desalination plant is to: 

 

• Determine the status of the sub-tidal benthic communities in the brine discharge area. 

• Verify the effect the discharge has on the pattern of distribution of the biota. 

 

2.1     Sampling methodology 

 

2.1.1     Sampling design 

 

The characterisation of the macro benthic communities is determined in different monitoring stations 

located in the area surrounding the discharge zone. In 2010, 5 transects of 160 meters in length were 

defined, perpendicular to the brine discharge outlet, separated 30 meters apart. For each transect, 10 

sampling stations were implemented at depths that varied between 10 and 18 meters. In 2012, as part of 

the results obtained in the previous study, 7, 120 meters long transects were defined, parallel to the brine 

discharge outlet. Each transect was divided into 5 sample stations, which were designated considering 

their position relative to the coast and the number of transects. The depths of the stations are the same as 

those considered in the 2010 study. 
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(a) 

 
(b) 

Figure 1: spatial location of transects and monitoring stations. (a) Transects arranged for the 2010 study; (b) transects 

arranged for the 2012 study. 

 

2.1.2 Sample collection 

 

The sampling of the macro fauna was done with divers and the support of underwater filming. The species 

of flora and fauna were identified and a determination was made of the abundance of organisms and the 

coverage of species through 0.25 m2 quadrants (Figure 2). 
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Also, a collection of individuals was made from a sector of the quadrant, in order to determine the biomass 

present, through drying and weighing techniques. 

 

 
Figure 2: quadrant for determining abundance and coverage of species. 

 

2.2 Analysis of data 

 

The following parameters were determined to characterise the benthic communities: 

 

• Abundance (total number of organisms of each taxa). 

• Coverage (density). 

• Biomass. 

 

The species are identified with a stereoscopic microscope. The taxa of each sample are counted and 

weighted. Then, the number of individuals is recorded and their biomass is estimated based on dry weight. 

A univariate and multivariate analysis is also performed based on the characteristic parameters. 

 

2.3 Results 

 

2.3.1 Composition of species and biological characterization 

 

In relation to the campaign carried out in 2010, a total of 130 taxonomic units were recorded, 

corresponding to flora (macro algae) and fauna. The fauna consisted of invertebrate and vertebrate species. 

 

The macro algae represent 9% of the total species (Figure 3); while within the invertebrate group there is 

a slight predominance of the Mollusca group (28%), followed by Annelida (21%) and Crustacea (20%). 

Found in lesser proportion are Echinodermata (8%), Pisces (5%) and Cnidaria (3%). The “Others” item 

combines minority groups such as Porifera, Nemertea, Priapulida, Platyhelminthes, Bryozoa, and 

Ascidiacea, with 6% of the total species. 
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       (a)                                             (b) 

Figure 3: percentage contribution of taxa from sub-tidal hard bottoms. (a) Study carried out in 2010; (b) study carried out in 

2012. 

 

With regards to the study carried out in 2012, a total of 51 taxonomic units were recorded, which 

corresponded to algae and invertebrates, of which the Mollusca group was the dominant one, with 43% 

of the species, followed by Crustacea with 19% and Echinodermata with 16%. Other minority groups 

(Cnidaria, Porifera, Annelida and Bryzoa) contributed with a joint percentage of 14%, whilst algae 

contributed with 8% of the taxones (Figure 3, b). 

 

The most characteristic species of the area were the molluscs, among which are: Tegula tridentate, 

Aesopus aliciae, Thais chocolate (“locate”), Crepidula dilatata, Aulacomya ater (mussel) and Nassarius 

dentifer and the Bryozoa, Bugula neritica, present in all of the measuring stations, with 100% occurrence. 

 

2.3.2     Communitary parameters, abundance and biomass 

 

The total abundance of faunal organisms showed amounts that fluctuated between 698 individuals/0.25 

m2 and 5,547 individuals/0.25 m2. The lowest abundance was recorded in T2 (transect N° 2) and the 

highest in T5 (transect N° 5) for the study carried out in 2010. In contrast to the total abundance of the 

faunal organisms obtained in the 2012 study, where values were recorded that fluctuated between 151 

individuals/0.25 m2 in transect TS3 and 342 individuals/0.25 m2 in transect TS2. 

 

Based on the numeric abundance of each taxa, the biocenotic indicators or community describers for each 

transect were determined, which are summarized in tables 3, 4 and 5, respectively. 

  

The biocenotic indicators or community descriptors were obtained using a number of methods, including 

the Shannon Index, which is an equity index that comes from the information theory, therefore it requires 

all of the individuals to be randomly sampled and all of the species of the community to be represented in 

the sample [1]. 

  

In contrast to the Booststrap method, which is a non-parametric method as it does not assume the type of 

distribution of the set of data and does not adjust it to a determined model. This method is based on the 

proportion of the sample units that contains each species [1]. 
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Table 3: ecological indicators of the hard-floor, sub-tidal community. The confidence intervals of the Shannon 

Index are indicated, estimated using the Bootstrap method with a 95% confidence level (2010). 

 

 
Table 4: ecological indicators of the hard-floor, sub-tidal community, of the mobile species. The confidence 

intervals of the Shannon Index are indicated, estimated using the Bootstrap method with a 95% confidence level 

(2012). 

 



8 
The International Desalination Association World Congress on Desalination and Water Reuse 2013 / Tianjin, China 

Reference Number: TIAN13-341 

 

 
Table 5: ecological indicators of the hard-floor, sub-tidal community, of the sessile species. The confidence 

intervals of the Shannon Index are indicated, estimated using the Bootstrap method with a 95% confidence level 

(2012). 

 

Finally, the Simpson Dominance Index is a parameter that is the inverse of the concept of equity of the 

community. Takes into account the representativeness of the species with greater importance, without 

assessing the contribution of the rest of the species. Calculated determining the probability that extracting 

two random individuals from the community, the two were of the same species. 

 

III.     DISCUTION 

 

In 2010 a bank of “cholgas” (Aulacomya ater) was detected in the brine discharge area, which had not 

been recorded before. This bank of Aulacomya ater showed a greater biomass in the transects closest to 

the discharge, where mainly adult specimens were recorded, in contract to the presence of younger 

specimens in more distant areas, with lesser biomass. Similarly to what was detected in 2010, the Mollusca 

group predominated, both in terms of abundance and in biomass, in which the species Aulacomya ater 

remains the predominant one (2012). 

 

The abundance of the “cholga” resource in the study area determines the high density of predator 

organisms that feed on them, such as the Heliasther helianthus (sea sun), Meyenaster gelatinosus (starfish) 

and Thais chocolata (a type of mollusc). 

 

It was determined that the number of species increases according to the distance from the brine discharge. 

In the discharge zone itself, the presence of 39 different species was evidenced, while in the surrounding 

zones 50 species were recorded. On transects farther away, between 66 and 76 species were recorded. 

This distribution pattern is due to the settlement of Aulacomya ater in the discharge zone, since being 

mono-specific communities they generate a reduction in the variety of species due to the competition 

between them. For the 2012 study, the species Aulacomya ater, was present to the north of the discharge 



9 
The International Desalination Association World Congress on Desalination and Water Reuse 2013 / Tianjin, China 

Reference Number: TIAN13-341 

 

with a continuous distribution between 15 and 17 meters depth, whilst the southern sector showed less 

coverage of this species. 

On the more coastal transects, away from the discharge zone, the most abundant species is Pyura 

praeputialis, (“piure”), which plays a fundamental role since it facilitates the settlement of other species.  

 

The presence of the species Pyura praeputialis had already been recorded in the monitoring in 2005. 

However, the dominant species Aulacomya ater was not detected that year. 

 

Prior to the construction of the desalination plant, the study area was characterised by a low abundance of 

species, which suggests that the bank of “cholgas” detected would be related to the operation of the 

desalination plant and the brine discharge. Moreover, in 2010 there were 130 taxonomic units recorded, 

in contrast to the information from the monitoring campaigns performed in 2002, which indicated the 

presence of 44 taxonomic units, which was ratified during 2005 and 2008. It should be mentioned that 

during 2010 the Plant increased its production to 450 litres per second, while in 2008 and 2005 the volumes 

of flow of production were 300 litres per second and 150 litres per second, respectively. The Plant’s 

current production, starting in 2011, is 600 litres per second. 

 

Another important point to compare from the studies carried out in 2010 and 2012, is in relation to the 

fact that in 2010, the measurements covered a more coastal sector (5 meters depth), where Pyura 

praeputialis is abundant. This organism allows the proliferation of fauna associated with it, increasing the 

specific abundance of the coastal area. It should also be mentioned that the 2010 study included 

comparatively more sampling stations, which results in a larger number of sectors analysed. 

 

IV.     CONCLUSIONS 

 

1. The brine discharge favours the settlement of species, mainly a bank of “cholgas” (Aulacomya 

ater), which is widely developed in transects closest to the brine discharge. The variations in salinity 

recorded around the discharge would create conditions appropriate for the settlement of this species.  

 

2. The argument goes that brine discharge is a determining factor in the establishment of banks of 

“cholgas”, such as the one that currently exists in the study area. 

 

3. The coastal transects farthest from the brine discharge evidence the predominance of Pyura 

preaputialis, although young specimens of Aulacomya ater are also recorded in these sectors, with a 

discontinuous distribution along the transects. 

 

4. The study area shows a high richness of species, such as starfish or molluscs, in response to the 

bank of “cholgas”. 

 

5. The shallowest sectors (close to the coast) evidence a greater richness of species due to the 

presence of Pyura preaputialis (“piure”). 

 

6. In general terms, the composition of species associated with the bank of Aulacomya ater in La 

Chimba is similar to those reported in the La Rinconada Marine Reserve of Antofagasta, where there is a 

bank of Argopecten purpuratus (northern scallop), so no adverse effects of the brine discharge are seen 

on the biota of the area due to the presence of species that coexist in another bank of molluscs in Bahía 

Moreno. There is also no change recorded in the composition of species compared with that reported in 
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the La Chimba plant project EBL (Environmental Baseline), namely, the environmental studies carried 

out in the area prior to the construction of the desalination plant. 

 

7. Comparing the study carried out in 2012 and the monitoring reported in the PVA (Environmental 

Surveillance Plan) of 2010, the presence of Aulacomya ater remains as the main resources, making up a 

bank in the area, as well as the coexistence of predators such as echinoderms (especially starfish) and 

molluscs (Thais chocolate). 

 

8. The difference in the number of species recorded in 2010 and 2012 (130 and 51 taxa respectively) 

is associated mainly with the fact that the measurements from 2012 covered a wider area that considered 

the coastal sector. 
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APPENDIX I 

 

Photographs of some of the species recorded during the study: 

 

  
               Thais chocolate (“locate”)             Aulacomtya Ater (“cholga”) 

 

  
      Anthothoe chilensis (“actinia blanca”)       Austromegabalanus psittacus (“picoroco”) 

 

  
          Heliaster helianthus (sol de mar)                Loxechinus albus (erizo rojo) 
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        Tetrapyygus niger (“erizo negro”)                Isacia conceptionis (“cabinza”) 

 

   
Chromis crusma (“burrito”)          Cheilodactylus variegatus (“bilagay”) 

 

   
(Pinguipes chilensis (“rollizo”) 
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View of one of the brine discharge diffusers 

 

 


