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EXCRETORY SYSTEMS AND MECHANISMS 

 

The excretory system is a passive biological system that removes excess, unnecessary materials 

from the body fluids of an organism, so as to help maintain internal chemical homeostasis and 

prevent damage to the body. The dual function of excretory systems is the elimination of the 

waste products of metabolism and to drain the body of used up and broken down components in 

a liquid and gaseous state.  

Types of excretory systems in animals 

Microorganisms and invertebrate animals use more primitive and simple mechanisms to get rid 

of their metabolic wastes than the mammalian system of kidney and urinary function.  

Three excretory systems evolved in organisms before complex kidneys: vacuoles, flame cells, 

and Malpighian tubules. 

1. Contractile Vacuoles in Microorganisms 

The most fundamental feature of life is the presence of a cell. In other words, a cell is the 

simplest functional unit of a life. Bacteria are unicellular, prokaryotic organisms that have some 

of the least complex life processes in place; however, prokaryotes such as bacteria do not contain 

membrane-bound vacuoles. The cells of microorganisms like bacteria, protozoa, and fungi are 

bound by cell membranes and use them to interact with the environment. Some cells, including 

some leucocytes in humans, are able to engulf food by endocytosis—the formation of vesicles by 

involution of the cell membrane within the cells. The same vesicles are able to interact and 

exchange metabolites with the intracellular environment. In some unicellular eukaryotic 

organisms such as the amoeba, cellular wastes and excess water are excreted by exocytosis, 

when the contractile vacuoles merge with the cell 

membrane and expel wastes into the environment. 

Contractile vacuoles (CV) should not be confused 

with vacuoles, which store food or water. 

http://opentextbc.ca/biology/wp-content/uploads/sites/96/2015/03/Figure_41_02_01.jpg
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Some unicellular organisms, such as the amoeba, ingest food by endocytosis. The food vesicle 

fuses with a lysosome, which digests the food. Waste is excreted by exocytosis.  

2. Flame Cells of Planaria and Nephridia of Worms 

As multi-cellular systems evolved to have organ systems that divided the metabolic needs of the 

body, individual organs evolved to perform the excretory function. Planaria are flatworms that 

live in fresh water. Their excretory system consists of two tubules connected to a highly 

branched duct system. The cells in the tubules are called flame cells (or protonephridia) 

because they have a cluster of cilia that looks like a flickering flame when viewed under the 

microscope, as illustrated below. The cilia propel waste matter down the tubules and out of the 

body through excretory pores that open on the body surface; cilia also draw water from the 

interstitial fluid, allowing for filtration. Any valuable metabolites are recovered by reabsorption. 

Flame cells are found in flatworms, including parasitic tapeworms and free-living planaria. They 

also maintain the organism’s osmotic balance. 

 

In the excretory system of the (a) planaria, cilia of flame cells propel waste through a tubule 

formed by a tube cell. Tubules are connected into branched structures that lead to pores located 

all along the sides of the body. The filtrate is secreted through these pores. In (b) annelids such as 

earthworms, nephridia filter fluid from the coelom, or body cavity. Beating cilia at the opening 

of the nephridium draw water from the coelom into a tubule. As the filtrate passes down the 

tubules, nutrients and other solutes are reabsorbed by capillaries. Filtered fluid containing 

nitrogenous and other wastes is stored in a bladder and then secreted through a pore in the side of 

http://opentextbc.ca/biology/wp-content/uploads/sites/96/2015/03/Figure_41_02_02.jpg
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 the body.  

Earthworms (annelids) have slightly more evolved excretory structures called nephridia, 

illustrated in b. A pair of nephridia is present on each segment of the earthworm. They are 

similar to flame cells in that they have a tubule with cilia. Excretion occurs through a pore called 

the nephridiopore. They are more evolved than the flame cells in that they have a system for 

tubular reabsorption by a capillary network before excretion. 

3. Malpighian Tubules of Insects 

Malpighian tubules are found lining the gut of some species of arthropods, such as the bee 

illustrated below. They are usually found in pairs and the number of tubules varies with the 

species of insect. Malpighian tubules are convoluted, which increases their surface area, and they 

are lined with microvilli for reabsorption and maintenance of osmotic balance. Malpighian 

tubules work cooperatively with specialized glands in the wall of the rectum. Body fluids are not 

filtered as in the case of nephridia; urine is produced by tubular secretion mechanisms by the 

cells lining the Malpighian tubules that are bathed in hemolymph (a mixture of blood and 

interstitial fluid that is found in insects and other arthropods as well as most mollusks). 

Metabolic wastes like uric acid freely diffuse into the tubules. There are exchange pumps lining 

the tubules, which actively transport H
+
 ions into the cell and K

+
 or Na

+
 ions out; water passively 

follows to form urine. The secretion of ions alters the osmotic pressure which draws water, 

electrolytes, and nitrogenous waste (uric acid) into the tubules. Water and electrolytes are 

reabsorbed when these organisms are faced with low-water environments, and uric acid is 

excreted as a thick paste or powder. Not dissolving wastes in water helps these organisms to 

conserve water; this is especially important for life in dry environments. 
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Malpighian tubules of insects and other terrestrial arthropods remove nitrogenous wastes and  

other solutes from the hemolymph. Na+ and/or K+ ions are actively transported into the lumen 

of the tubules. Water then enters the tubules via osmosis, forming urine. The urine passes 

through the intestine, and into the rectum. There, nutrients diffuse back into the hemolymph. Na+ 

and/or K+ ions are pumped into the hemolymph, and water follows. The concentrated waste is 

then excreted.  

Summary 

Many systems have evolved for excreting wastes that are simpler than the kidney and urinary 

systems of vertebrate animals. The simplest system is that of contractile vacuoles present in 

microorganisms. Flame cells and nephridia in worms perform excretory functions and maintain 

osmotic balance. Some insects have evolved Malpighian tubules to excrete wastes and maintain 

osmotic balance 

4. The Urinary System. 

In humans and other amniotes (mammals, birds and reptiles) most of these substances leave the 

body as urine and to some degree exhalation, mammals also expel them through sweating.  

Only the organs specifically used for the excretion are considered a part of the excretory system. 

In the narrow sense, the term refers to the urinary system.  

The urinary system, also known as the renal system or urinary tract, consists of the kidneys, 

ureters, bladder, and the urethra. The purpose of the urinary system is to eliminate waste from 

the body, regulate blood volume and blood pressure, control levels of electrolytes and 

metabolites, and regulate blood pH. The urinary tract is the body's drainage system for the 

eventual removal of urine. The kidneys have an extensive blood supply via the renal arteries 

which leave the kidneys via the renal vein. Each kidney consists of functional units called 

nephrons. Following filtration of blood and further processing, wastes (in the form of urine) exit 

the kidney via the ureters, tubes made of smooth muscle fibres that propel urine towards the 

urinary bladder, where it is stored and subsequently expelled from the body by urination 

https://en.wikipedia.org/wiki/Nephrons
https://en.wikipedia.org/wiki/Urination


5 

 

(voiding). The female and male urinary system are very similar, differing only in the length of 

the urethra. 

Urine is formed in the kidneys through a filtration of blood. The urine is then passed through the 

ureters to the bladder, where it is stored. During urination, the urine is passed from the bladder 

through the urethra to the outside of the body.  800–2,000 milliliters (mL) of urine are normally 

produced every day in a healthy human. This amount varies according to fluid intake and kidney 

function.  

Kidney Structure and Function 

 

The kidneys are large, bean-shaped organs which are present on each side of the vertebral 

column in the abdominal cavity. Humans have two kidneys and each kidney is supplied with 

blood from the renal artery. The kidneys remove from the blood the nitrogenous wastes such as 

urea, as well as salts and excess water, and excrete them in the form of urine. This is done with 

the help of millions of nephrons present in the kidney. The filtrated blood is carried away from 

the kidneys by the renal vein (or kidney vein). The urine from the kidney is collected by the 

ureter (or excretory tubes), one from each kidney, and is passed to the urinary bladder. The 

urinary bladder collects and stores the urine until urination. The urine collected in the bladder is 

passed into the external environment from the body through an opening called the urethra.  

The Structure of the Kidney 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Milliliters
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The kidney's primary function is the elimination of waste from the bloodstream by production of 

urine. They perform several homeostatic functions such as:-  

1. Maintain volume of extracellular fluid 

2. Maintain ionic balance in extracellular fluid 

3. Maintain pH and osmotic concentration of the extracellular fluid. 

4. Excrete toxic metabolic by-products such as urea, ammonia, and uric acid. 

The way the kidneys do this is with Nephrons. There are over 1 million nephrons in each 

kidney; these nephrons act as filters inside the kidneys. The kidneys filter needed materials and 

waste, the needed materials go back into the bloodstream, and unneeded materials become urine 

and are gotten rid of.  

In some cases, excess wastes crystallize as kidney stones. They grow and can become painful 

irritants that may require surgery or ultrasound treatments. Some stones are small enough to be 

forced into the urethra.  

Structural and Functional Unit of the Kidney 

The nephron, the functional unit of the 

kidney, is responsible for removing waste 

from the body. Each kidney is composed of 

over one million nephrons that dot the renal 

cortex, giving it a granular appearance when 

sectioned sagittally (from front to rear). 

Eighty-five percent of nephrons are cortical 

nephrons, deep in the renal cortex; the 

remaining 15 percent are juxtamedullary 

nephrons, which lie in the renal cortex close 

to the renal medulla. 

Diagram of a nephron 
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The nephron is the functional unit of the kidney. The glomerulus and convoluted tubules of the 

nephron are located in the cortex of the kidney, while the collecting ducts are located in the 

pyramids of the kidney’s medulla. 

A nephron consists of three parts: a renal corpuscle, a renal tubule, and the associated capillary 

network, which originates from the cortical radiate arteries. The renal corpuscle, located in the 

renal cortex, is composed of a network of capillaries known as the glomerulus, as well as a cup-

shaped chamber that surrounds it: the glomerular or Bowman’s capsule. 

The renal tubule is a long, convoluted structure that emerges from the glomerulus. It can be 

divided into three parts based on function. The first part is called the proximal convoluted tubule 

(PCT), due to its proximity to the glomerulus. The second part is called the loop of Henle, or 

nephritic loop, because it forms a loop (with descending and ascending limbs) that goes through 

the renal medulla. The third part of the renal tubule is called the distal convoluted tubule (DCT); 

this part is also restricted to the renal cortex. This last part of the nephron connects with and 

empties its filtrate into collecting ducts that line the medullary pyramids. The collecting ducts 

amass contents from multiple nephrons, fusing together as they enter the papillae of the renal 

medulla. 

As urine travels down the collecting duct system, it passes by the medullary interstitium, which 

has a high sodium concentration as a result of the loop of Henle’s countercurrent multiplier 

system. Urine leaves the medullary collecting ducts through the renal papillae, emptying into the 

renal calyces, the renal pelvis, and finally into the bladder via the ureter. 

The Ureter 

The ureters are muscular ducts that propel urine from the kidneys to the urinary bladder. In the 

human adult, the ureters are usually 25–30 cm (10–12 in) long. In humans, the ureters arise from 

the renal pelvis on the medial aspect of each kidney before descending towards the bladder on 

the front of the psoas major muscle. The ureters cross the pelvic brim near the bifurcation of the 

iliac arteries (which they run over). This "pelviureteric junction" is a common site for the 

impaction of kidney stones (the other being the uteterovesical valve). The ureters run posteriorly 

on the lateral walls of the pelvis. They then curve anteriormedially to enter the bladder through 
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the back, at the vesicoureteric junction, running within the wall of the bladder for a few 

centimeters. The backflow of urine is prevented by valves known as ureterovesical valves. In the 

female, the ureters pass through the mesometrium on the way to the bladder.  

Urinary bladder 

The urinary bladder is the organ that collects waste excreted by the kidneys prior to disposal by 

urination. It is a hollow muscular, and distensible (or elastic) organ, and sits on the pelvic floor. 

Urine enters the bladder via the ureters and exits via the urethra.  

Urethra 

This is a tube which connects the urinary bladder to the outside of the body. In humans, the 

urethra has an excretory function in both genders to pass urine.  

Excretory products such as  

Urea, is the nitrogenous waste in terrestrial animals  

Mammals, including humans, are the primary producers of urea. Because they secrete urea as the 

primary nitrogenous waste product, they are called ureotelic animals. Urea serves an important 

role in the metabolism of nitrogen-containing compounds by animals. It is the main nitrogen-

containing substance in the urine of mammals. Urea is a colorless, odorless solid, highly soluble 

in water, and practically non-toxic. Dissolved in water, it is neither acidic nor alkaline. The body 

uses it in many processes, the most notable one being nitrogen excretion.  

Apart from mammals, urea is also found in the urine of amphibians, as well as some fish. 

Interestingly, tadpoles excrete ammonia, but shift to urea production during metamorphosis. In 

humans, apart from being a carrier of waste nitrogen, urea also plays a role in the countercurrent 

exchange system of the nephrons, which allows for re-absorption of water and critical ions from 

the excreted urine. This mechanism, controlled by an anti-diuretic hormone, allows the body to 

create hyperosmotic urine, which has a higher concentration of dissolved substances than the 

blood plasma. This mechanism is important to prevent the loss of water, to maintain blood 

pressure, and to maintain a suitable concentration of sodium ions in the blood plasmas. 
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Uric Acid 

Birds and reptiles have evolved the ability to convert toxic ammonia into uric acid or guanine 

rather than urea. 

Of the four major macromolecules in biological systems, both proteins and nucleic acids contain 

nitrogen. During the catabolism, or breakdown, of nitrogen-containing macromolecules, carbon, 

hydrogen, and oxygen are extracted and stored in the form of carbohydrates and fats. Excess 

nitrogen is excreted from the body. Nitrogenous wastes tend to form toxic ammonia, which 

raises the pH of body fluids. The formation of ammonia itself requires energy in the form of ATP 

and large quantities of water to dilute it out of a biological system. 

While aquatic animals can easily excrete ammonia into their watery surroundings, terrestrial 

animals have evolved special mechanisms to eliminate the toxic ammonia from their systems. 

The animals must detoxify ammonia by converting it into a relatively-nontoxic form such as urea 

or uric acid. 

 Nitrogen excretion: Nitrogenous waste is excreted in different forms by different species. 

These include (a) ammonia, (b) urea, and (c) uric acid.  

Birds, reptiles, and most terrestrial arthropods, such as insects, are called uricothelic organisms 

because they convert toxic ammonia to uric acid or the closely-related compound guanine 

(guano), rather than urea. In contrast, mammals (including humans) produce urea from ammonia; 

however, they also form some uric acid during the breakdown of nucleic acids. In this case, uric 

acid is excreted in urine instead of in feces, as is done in birds and reptiles. 
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Uric acid is a compound similar to purines found in nucleic acids. It is water insoluble and tends 

to form a white paste or powder. The production of uric acid involves a complex metabolic 

pathway that is energetically costly in comparison to processing of other nitrogenous wastes such 

as urea (from the urea cycle) or ammonia; however, it has the advantages of reducing water loss 

and, hence, reducing the need for water. 

Water and Salts, excess water and salts take in are also systematically excreted by some 

animals through urine and sweat, e.g. mammals 

Excretion in Plants 

Plants need to excrete excess carbon dioxide and oxygen. Plants produce waste products but 

very slowly and in very small amounts. Carbon dioxide is a waste product of aerobic respiration 

in plant cells. Oxygen is a waste product of photosynthesis. 

Unlike animals, plants do not have specialised excretory organs.  

 Plants perform photosynthesis which uses CO2, water, sunlight, and chlorophyll to 

synthesize food. During photosynthesis, oxygen is given out as a by-product. This 

oxygen acts as an excretory product and is given out by a process called diffusion 

through the stomata in the leaves. 

 Certain plants perform a process known as photorespiration where oxygen is taken in and 

CO2 is given out as a waste product. 

 All plants perform transpiration which is the process by which plants transport water 

from the roots to the aerial parts of the plant for elimination in the form of water 

droplets or water vapour. This process occurs because the plants take in more water 

than they need for their biomechanical processes and the excess water is eliminated by 

transpiration. Transpiration occurs via small pores present on the undersurface of leaves 

known as stomata. 

https://www.toppr.com/guides/science/food-where-does-it-comes-from/sources-of-food/
https://www.toppr.com/guides/science/air-around-us/oxygen-in-air/
https://www.toppr.com/guides/biology/transport-in-plants/means-of-transport/
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Gas exchange through the stomata 

 Plants produce waste materials that get accumulated in the vacuoles of ageing cells. 

These cells eventually die and fall-off-the plant. These structures can be stems, leaves or 

bark of trees. 

 Another commonly produces waste material of plants is tannins. Tannin is a product of 

plants that are stored in the trunks of trees. They are present in the bark of the trees. 

 The plant tissue phloem is responsible for transporting water and minerals from the soil 

to the aerial tissues of the plant. The leaves utilize the number of minerals they require 

while the rest are eliminated. Plants eliminate excess salt and minerals in the form of 

crystals such as sodium oxalate crystals, calcium carbonate etc. 

 Like animals, plants also eliminate ammonia products such as alkaloids. The common 

type of alkaloids that plants produce are morphine, quinone which is used to treat many 

human diseases. 

 Another waste product that plants produce is latex. These are produced by cells called 

lactifiers and found in rubber plants. This latex that is a waste product for plants is 

actually very useful to man in the manufacture of many rubber products. 

 Plants also produce gums which are actually a degradation product of cells. These are 

also useful to man in the manufacture of many products. 

 Gums and Resins that a plant produces are basically stored in ageing or old xylem. 

 Few plants also eliminate their waste into the soil through their roots. 
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Organs of Excretion in Plants 

 

 

 

 

As mentioned earlier, plants do not have a specific system that performs excretion. The different 

plant structures that eliminate different forms of wastes are leaves, stems, ageing tissues, xylem, 

roots, bark, fruits, and flowers ( help excrete water in some plants)  

These waste products are removed through stomata in leaves and lenticels in stems and are 

released into the air. Stomata  are small pores on the surface of leaf whilst lenticels are the pores 

on hardened stem . Both of them help in exchange of gases in plants and trees . 
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Some of the waste products are stored in the leaves, bark and fruits of a plant or a tree. Trees get 

rid of them when dead leaves bark and ripe fruits fall off from them. Some plants store waste in 

their fruits in the form of solid bodies called raphides. For example, fruit yam has needle-shaped 

raphides on its surface. Plants also secrete waste in the form of gum and resins from their stem 

and branches. 

Therefore, summarizing, the various mechanisms used by plants to get rid of their waste products 

are: 

 Gaseous waste through stomata and lenticels. 

 Stored solid and liquid waste by shedding leaves, peeling of bark and falling of fruits. 

 By secreting waste in the form of gum and resins. 

 Excrete waste into the soil around them. 

 

END OF UNIT 

 

 

 

 

 


