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Abstract - Fish skin offers excellent ability to osmo-regulate in both fresh and salty water.Because of its lack of current 
research in desalination applications, it is aimed to investigate the performance of fish skin as a membrane in seawater 
desalination. The skin of Tilapia fish is used tested in this work for such purpose. The object is to find the permeability rate 
of this membrane and its capability to desalinate sea water and to determine the flow direction of water. The testing 
procedure consisted of placing the fish skin between two samples of water with different salt concentrations in a U-tube. 
Salty water with almost sea salt concentration was placed on one side whereas distilled water was placed on the other side of 
the membrane. Different parameters were investigated to study the effect of skin on seawater desalination including 
temperature gradient and flipping the water facing the fish skin. It is proven in this work that tilapia skin as a seawater 
desalination membrane is promising, and should be studied further to investigate the possibility of using bio-inspired 
membranes in different applications. 
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I. INTRODUCTION 
 
Tilapia are a type of euryhaline (comes from the 
Greek words eurus, meaning wide, and halinos, 
meaning ofsalt.) fish, which live in both fresh and 
seawater. They belong to the Cichlidae family and are 
native to Africa but were introduced into many 
temperate regions of the world in the 1950s. They 
were introduced because they were useful as food for 
bigger fish, were a target for recreational fishing, 
helped with weed control and finally for research 
purposes [1].The tilapia fish have many features that 
make them ideal candidates for aquaculture and for 
research as well, including fast growth rates and high 
tolerance to wide range of environmental conditions 
[1]. Three tilapia species are being bred in the UAE 
itself: the black tilapia (Oreochromisplacidus), nile 
tilapia (Oreochromisniloticus) and red tilapia 
(Oreochromis sp.). These species are being bred in 
efforts to meet the demands of the population. The 
yearly aquaculture production of the Red Tilapia is on 
average 60 tons/year, while the black and nile tilapia 
is around 70 tons/year [2]. 
 
Severe water shortages in many countries over recent 
years have led to the development of aquaculture in 
brackish or salty seawater. Salt-tolerant tilapia is a 
major species that is part of this brackish water 
aquaculture. Tilapia fish’s ability to quantify 
osmolality and coordinate a bodily response of 
appropriate magnitude over a range of salinity or 
stress levels speaks to the fact that they have evolved 
new and enhanced osmoregulatory mechanisms. 
Some of these mechanisms include “gene regulation 
and signal transduction to ion transport, 
osmoregulation and mineral nutrition [3]. In terms of 
organs helping with osmoregulation, gills and 
kidneys are considered the most important. The gills 

are the primary site for the movement of ions through 
the membrane. It is a highly vascularized and high 
surface skin layer that provides a very thin barrier 
between the external salty water and the blood. 
Features as the above help the diffusion of water and 
ions across the gill membrane upon osmotic stress. 
The fish may also drink seawater in some conditions 
and excrete small amounts of divalent ions through 
the kidney. 
 
On a biological and cellular level, tilapia have 
evolved a great mechanism for osmo-regulating in 
both fresh and salty water. The fish gills contain 
mitochondrion-rich (MR) cells also known as 
chloride cells which are responsible for actively 
transporting ions. These ionocytes absorb and release 
ions in freshwater and seawater, respectively. Under 
saline conditions, MR cells proliferate in an effort to 
enhance tilapia survival under elevated salinity. The 
gill epithelial cells (including MR cells) undergo a 
very rapid cycle change upon osmotic stress. The 
rapid increase and enlargement of ionocytes follows 
transfer of the tilapia from fresh water to seawater 
[3].The ability of the tilapia to tolerate extreme 
environmental salinities makes it an excellent 
candidate for investigating iono-regulation. All these 
features lead to believe that the tilapia skin membrane 
may be extremely useful in a process like forward 
osmosis in desalination applications. 
 
It seems that nature has been conducting desalination 
for many centuries and it could be valuable to take 
cues from it to create new bio-inspired membranes. A 
fish like tilapia which has the great ability to survive 
in brackish water must have a skin that is made to 
withstand high salt concentrations and is certainly 
worth exploring as a desalination membrane.A survey 
of the literature shows that although tilapia fish itself 
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has found many uses in fish farming and the food 
industry, the skin of the tilapia skin has relatively 
untapped potential. Recently in Brazil, medical 
practitioners have been exploring the use of tilapia 
skin as skin grafts for burn victims. What makes the 
fish skin suitable for burn treatments is that it 
contains large amounts of Type I and Type III 
collagen proteins which play an important role in 
scarring and exist in even larger quantities than in 
human skin and other skin. Other advantages 
included the fact that the amount of tension and 
moisture in the tilapia skin is much higher than 
human skin[5]. Tilapia has also been labelled as an 
“osmotically gifted” fish because of its ability to 
survive in both fresh and salty water; since the fish 
has to regulate osmotic pressures from two opposite 
regimes, their highly versatile osmoregulatory 
mechanism could be extremely useful [6]. 
 
Since it is established that fish skin and in particular 
the highly-resistant tilapia skin shows excellent 
osmoregulation properties, we have reason to believe 
that it will be a successful membrane for seawater 
desalination. Although some researchers have hinted 
at the usefulness of this fish for its desalination 
properties, but not much research has been dedicated 
to exploring the fish skin under different conditions. 
For this reason, it is aimed to address this gap in 
research knowledge, by testing tilapia skin under 
several conditions and determining its efficacy as a 
seawater desalination membrane. The objectives of 
this work is to test the fish skin efficiency as a 
membrane for direct osmosis. 
 
II. MATERIALS AND METHODS 
 
Materials 
Cleaned tilapia fish was brought from the market; the 
skin was removed and completely cleaned. Sodium 
chloride (NaCl) and copper sulphate CuSO4 crystals 
of lab grades were used as well as distilled water and 
tap water. Main instruments used for the experiments 
include:TDS meter, digital balance, heating plate, and 
measuring cylinder. 
 
Experimental procedure 
The procedure for carrying out the experiments is a 
simple one based on bench scale test.Tilapia fish skin 
was used as a membrane for the desalination unit. 
The fish skin has to be properly cleaned from flesh 
and then washed with distilled water and dried. After 
that, it wasplacedbetween the two legs of the U-tube 
and used as a membrane. A salt solution was prepared 
from either NaCl or CuSO4. Sodium chloride solution 
of 40g/L was prepared as a model of sea water. In 
order to prepare the CuSO4 solution, hot tap water 
was used to dissolve the CuSO4crystals. The TDS of 
salty and distilled waters were measured before 
transferring them into the U-tube, and was also 
measured every 20 mins till the end of the test. The 

setup was sometimes left to run for couple of days for 
the purpose of testing.  
 
Different variations were attempted including 
switching the water (distilled or salty), facing the fish 
scale, heating one of the water sides, adding dye, and 
salts type. In certain tests, the salty water was filled 
on the side facing the fish skin. This represents a 
simulation of the actual condition of fish in sea water. 
In other tests, fish skin was facing the distilled water 
side to observe if the membrane side would make a 
difference on the diffusion. 
 
III. RESULTS AND DISCUSSION 
 
Testing the fish skin membrane 
If more salt is passing from high salt concentration to 
lower one, while minimal amount of water is passing 
from either side, then fish skin can be used as a 
membrane to desalinate water. In this test, hot tap 
water was placed in the long tube; distilled water at 
ambient temperature was placed in the short tube 
using the same volume,while the external fish 
skinwas maintained in thetap water side. Initially, the 
TDS for distilled water and the tap water were 3 and 
530 ppm, respectively; after 15 min they were 
measure and found to be 370 and 600 ppm, 
respectively. The level of tap water decreased, while 
the level of distilled water increased, indicating that 
water moved from tap to distilled. The TDS on both 
sides increased, but the increase for distilled was 
much higher. This could be due to salt that passed 
with water from tap water to distilled one. However, 
since TDS of water increased as well then more salt is 
passing than water. 
The setup was also tested for the possible salt 
diffusion in the absence of any temperature force. In 
this case, salty water of43.2g NaCl/l at ambient 
temperature was placed in the short tube, distilled 
water at ambient temperature was placed in the longer 
tube, while external fish skin on salty water side.The 
results are shown in Table 1.It is seen that the TDS of 
salty water slightly decreased and that of distilled 
water increased by 10mg/L, while water level on both 
sides did not change much (negligible). The slight 
change in TDS on both sides indicates that his fish 
skin can operate only in one direction; this was also 
verified by noting that volume of water on both sides 
did not change at all. This would reflect the real 
effect of the fish life at wish the salty water in on the 
external skin surface of the fish. Therefore, in this 
scenario was implemented in this work.  

 
Table 1: TDS in the absence of temperature gradient 
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Effect of temperature 
Temperature difference is the driving force that 
results in an increase in the permeability rate of water 
and salt across the membrane. To verify this 
hypothesis, 500mL of salty water (40g NaCl/L)at 
ambient temperature was placed in the short tube, 
500mL of distilled water at 50oC in the longer tube, 
andinternal fish skin on salty water side. The results 
are shown in Table 2.After 5 days, the TDS of salty 
water decreased by 17.5g/L, the TDS of distilled 
water increased by 92.3 mg/L only, and no level 
change on both sides was noticed. This demonstrates 
that even with the increase in temperature, the fish 
skin membrane permeability does not change 
significantly and thus maintains the direction of water 
passage,in contrast to the artificial membrane which 
works on both sides of the membrane upon increasing 
temperature. 

 
Table 2: TDS in the presence of temperature gradient 

 
CONCLUSIONS 
 
The structure of the tilapia membrane does allow for 
osmosis to occur and salts to transfer from one side of 
the membrane to the other. Applying a temperature 

gradient only allowed to get faster results but did not 
affect the direction of diffusion compared to artificial 
membranes.The fish skin membrane allows for the 
movement of particles down their concentration 
gradient. It is worth mentioning that this study is the 
first of its type, as according to the authors best 
knowledge no such work been investigated before 
considering fish skin as membrane; as the authors 
literature review did not find any reference 
considering fish skin as water desalination 
membrane.  
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