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Controlling the Internal 

Environment II: Salt and water 

balance

Keywords (reading p. 936-

949)ÅAmmonia toxicity

ÅUrea

ÅUric acid

ÅOsmoconformer

ÅOsmoregulator

ÅPassive transport

ÅFacilitated diffusion

ÅActive transport

ÅOsmoregulation by an 

aquatic invertebrate

ÅOsmoregulation in 

marine fish

ÅOsmoregulation in 

freshwater fish

ÅWater loss on land

ÅPermeable and 

impermeable body 

surfaces

ÅKangaroo rate water 

balance

Åanhydrobiosis

The internal environment

ÅIn most animals, the majority of cells are 

bathed by internal fluids rather than the 

environment

ÅThis is advantageous since there can 

be control of substrates needed for 

metabolism
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Consider the origin of life: 

started out as enzymes in the 

primordial sea

Rates of reactions were 

determined by the 

concentrations of substrates in 

the environment

The first proto-organism 

enclosed itôs enzymes inside a 

membrane and became a cell
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Control of substrate concentration

Products do not diffuse away

ÅGood because reactions 

will work better and you 

donôt lose the products

ÅGood because you can 

keep out molecules that 

you donôt want

ÅBad because there can 

be osmotic problems

ÅBad because hazardous 

by products can stay in 

the cell
Hazardous products

Therefore the internal 

chemical environment is 

controlled
ÅA. Avoiding buildup of toxic chemicals 

ïDealing with ammonia

ÅB. Osmoregulation - controlling internal 

solutes
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A. Avoiding buildup of toxic 

chemicals 

Hazardous products

ÅA major source of hazardous products 

is the production of nitrogenous wastes

ÅAmmonia (NH3) is a small and very 

toxic molecule that is normal product of 

protein and amino acid breakdown

ÅIf you are an aquatic organism, 

ammonia can readily diffuse out of the 

body and this is not a problem
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Ammonia toxicity is a problem 

for terrestrial animals

ÅAmmonia does not readily diffuse away 

into the air.

ÅThe strategy of terrestrial animals is to 

detoxify it then get rid of (excrete) it.

Ammonia can be converted to urea 

which is 100,000 times less toxic

ÅMammals, most amphibians, sharks, 

some body fishes

The drawback of using urea

ÅTakes energy to synthesize

ÅStill need to use water to ñflush it outò
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Some animals cannot afford to 

use water to excrete urea

ÅThese animals use excrete uric acid 

instead

Uric acid

ÅSince uric acid is not 

very soluble in water, 

it can be excreted as 

a paste.

ÅLess water is lost

ÅDisadvantages:

ïEven more costly to 

synthesize.

ïLoss of carbon

Who uses uric acid?

ÅBirds, insects, many reptiles, land snails

ÅRelated to water use, but also 

reproduction

ÅEggs - N wastes from embryo would 

accumulate around it if ammonia or 

urea are used.  Uric acid precipitates 

out.



4/3/2007

7

B. Osmoregulation -

controlling internal solutes

Osmolarity

ÅOsmolarity = # of solutes per volume 

solution

ÅOften expressed in moles (6.02 x 1023

atoms/molecules) per liter.

Å1 mole of glucose = 1 mole of solute

Å1 mole of NaCl = 2 moles of solute

Osmotic problems

ÅHumans have internal solute 

concentration (osmolarity) of 300 

milliosmoles per liter (mosm/L)

ÅThe ocean is 1000 mosm/L
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1000 mosm/L300 mosm/L

What would happen if your body 

surface is water permeable and you 

fall into the sea
ÅKeep your internal concentrations the 

same as the environment 

(osmoconformer)

ÅRegulate your internal concentrations 

(osmoregulator)

Jellyfish in the ocean

ÅKeep solutes at 1000 mosm/L no water 

loss or gain.

ÅA relatively simple solution

1000 mosm/L

1000 mosm/L

jellyfish

Life in freshwater - hydra living 

in a pond

0 mosm/L

0 mosm/L

Green hydra

ÅCan the same strategy of matching the 

environmental osmolarity be used?
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Hydra living in a pond

ÅIf external osmolarity is very low like 0 

mosm/L, hydra cannot maintain an 

internal osmolarity of 0 mosm/L

ÅWhy is this?

ÅConsequently freshwater animals will 

most likely have a higher osmolarity 

than the environment.

What happens to freshwater 

organisms?

ÅWater from the environment is 

continually entering tissues.

ÅThe diffusion gradient favors loss of 

solutes 

ÅTherefore there is a need to regulate 

solutes and water

Two ways to deal with osmotic 

problems

ÅKeep your internal concentrations the 

same as the environment 

(osmoconformer)

ÅRegulate your internal concentrations 

(osmoregulator)
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Solute regulation

ÅTransport solutes across the body 

surface

ïNote: even in the jellyfish example, there is 

ion regulation. Although the internal fluids 

have the same osmolarity as seawater, 

they do not have the same composition

Ways molecules get across 

membranes

Passive transport: 

Diffusion

ÅWorks for lipid soluble 

molecules and gases

ÅNo good for most water 

soluble molecules and ions


