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Key Questions

(= What is the principal role
of the structures of the excretory
system?

How do the kidneys clean
the blood?

How do the kidneys

help maintain homeostasis?

Vocabulary

excretion

ureter

urinary bladder
urethra

nephron

filtration
glomerulus
Bowman's capsule
reabsorption

loop of Henle

Taking Notes

Preview Visuals Examine
Figure 30-19. What does this
Figure reveal about the impor-
tant functions of the kidneys?
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THINK ABOQUT fT 1ts a hot day, P
and vou've been getting thissty for W o
hours. Finally, you get the chance to
go inside, and you gulp down more
than a liter of water. The water tastes |
great, but as you drink, you begin o T
to wonder. Where’s all that water :
going? Will it just dilute your blood,
or is something in your body making
sure that everything stays in ba!ance?
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QUSTY < _
What is the principal role of the structures of the
excretory system?

The chemistry of the human body is a marvelous thing. An intricate
system of checks and balances controls everything from your blood
pressure to your body temperature. Nutrients are absorbed, stored, and
carefully released when they are needed. However, every living system,
including the human body, produces chemical waste products, some of
which are so toxic that they will cause death if they are not eliminated.

For example, as a normal consequence of being alive, every cell
in the body produces waste compounds, including excess salts and
carbon dioxide. Ammonia, one of the most toxic of these waste com-
pounds, is produced when the amino acids from proteins are used
for energy. Ammonia is converted to a less toxic compound called
urea, but it, too, must be eliminated from the body. The process by
which these metabolic wastes are eliminated to maintain homeostasis
is called excretion. Excretion is one part of the many processes that
maintain homeostasis.

(=) The excretory system, which includes the skin, lungs, liver,
and kidneys, excretes metabolic wastes from the body. The ureters, uri-
nary bladder, and urethra are also involved in excretion. Figure 30-18
shows the major organs of excretion.

In Your Notebook Make a two-column table that lists the organs of
excretion in the first column and their function in the second column.
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the Skin The skin excretes eXCess

. Water sa]
all amount of urea ip » Salts,
and asma very small an. SWeaF. By releas. FIGURE 30-18 The Excre-
ing sweat 1n t y S ) ounts, thjs Proces tory System The organs of
P wastes even w -
ehmmates . €N you may not think ‘ m: :I:(icre'tory 5>/I§tem Lr_lélude
oure sweating. r n, lungs, liver, kidneys,
o / ureters, urinary bladder, and
s Byfoary urethra.
The Lungs The blo: < transports Carbon gjgy °
ide, a waste product of cellylay TeSpiration, fr,,
1 ) m

1 o
the body cells to thc Tungs, When por on §
your lungs excrete < thon dioxide apq small
amounts of water vapor,

Ureters transport urine

The Liver The liver plays many importang roles from each kidney to the

inexcretion. As we [ave S€en, one of jtg Principa] ) ¢~ wrinary bladder.
activities is the conversion of potentialy danger-  Kidneys " ( ) o
ous nitrogen wastes. s product of Protein bregk- ' , Tfhe urinary b'?‘,ﬁ'{ﬂﬁr
down, into less toxic urea, Uy €a, which is highly - ? :eTerZss :c??ri rtrjlnﬂl1 el blz dy
soluble, is then transported through the blood to 4 r Ty
the kidneys for elimination from the body. : | tl}.:rine iﬁ reiegsed o
| rough a tube calle
The Kidneys The major Organs of excretion are i the urethra.
the kidneys, a pair of fist-sized organs located | [
on either side of the spinal columnp near the /‘,
lower back. Through a complex filtering pro- ”
cess, the kidneys remove excess water, urea, and '
metabolic wastes from the blood. The kidneys /} /
produce and excrete a waste product known as | /
urine. Ureters transport urine from the kidneys | (
to the urinary bladder, where the urine is stored / |
until it is released through the urethra. j
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The Composiﬁon of Urine Substanee Average Concentration
The kidneys are selective filters. As blO(.)(.i in Blood (g/mL) in Urine (g/ml)
Passes through them, urea, other impurities, e 0.1 0.02

and excess salts are removed from the 5 e 0.10 0.00 ]
bIOOd' But important substances su.Ch E}S Potassium 0.92 Q_%O_

Water, protein, and glucose remain in cir- e 0.32 0.60

culation. The collected waste proc.iucts afre e = 200

xcreted in urine. The concentrations oed 2. Calculate Approximately how many times
certain substances in the blood comllJéz}fle more concentrated is urea in urine than in the
.to their concentration in urine revea blood? WL

Mportant work of the kidneys. . ot
N ch substanceslised bave 8- ey Feem Tt urea s o byproductof
* Interpret Data Whic trations in the amino acid : h R e e
the highest and lowest concen highest and concentration vary in t. e blood and urine as
lood? Which substances have ‘the? 18 result of high protein diets? Explain.
IOWeSt . < the urlne- = ————— me e e it
Concentrations 1n )
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I Vocabulary

WORD ORIGINS The word
glomerulus derives from the Latin
words glomus, which means “ball
of yarn,” and glomerare, which
means “to form into a ball.” The
twisted capillaries of a glomerulus
resemble a ball of yarn.

MYSTERY
CLUE

The illegal drug
taken by one of the
athletes contained a
synthetic compound
never found in
nature. How did his
body remove the
compound from ~
his blood and =l

eliminate it in urine?
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(s How do the kidneys clean the blood:!
What does a kidney do? == As waste-laden blood enters the kidney
1at L o I« L) J AR SN ¥ Sy
throuzh the renal artery, the Lidpey removes urea, excess water and

minerals, and other wasic pre tucts. The clean, filtered blood leaves

. i A1 veinn and returns irculation.
the kidney thr “g.f \ renal vem ana re tum§ tlo Cl ‘ .
Each kidney cor! carly a million individual processing units
as AN -r - 418 )
nephrens are where most of the work of the

called nephron o

kidney takes piace—imipirities ate filtered out, wastes are collected,

‘rculation. Blood purification in

and purifiec plood 1s retu wed o < :
“wo distinct processes: filtration

the kidneys is ¢ omplex 4ind imvolves

and rezbsorption.

Filtration Passing a liquid or gas through a filter to remove wastes
s called filtration. The filtration of blood mainly takes place in the
glomerulus (gloh muR yoo fus). A glomerulus is a small but dense
network of capillaries (very small blood vessels) encased in the
upper end of each nephron by 2 hollow, cup-shaped structure called
Bowman’s capsuie. A glomerulus is shown in Figure 30-19.

Because the blood is under pressure and the walls of the capillaries
and Bowman's capsule are permeable, much of the fluid from the capil-
laries flows into Bowman’s capsule. The material that is filtered from
the blood is called the filtrate. The filtrate contains water, urea, glucose,
salts, amino acids, and some vitamins. Large substances in the blood,
such as proteins and blood cells, are too large to pass through the
capillary walls.

Reabsorption Nearly 180 liters of filtrate pass from the blood into
nephron tubules every day. Thats the equivalent of 90 2-liter bottles of
soft drink. Thank goodness, not all of those 180 liters are excreted. In
fact, nearly all of the material that moves into Bowman’s capsule makes
its way back into the blood. The process by which water and dissolved
substances are taken back into the blood is called reabsorption.

A number of materials, including salts, vitamins, amino acids, fats,
and glucose, are removed from the filtrate by active transport and

reabsorbed by the capillaries. Because water follows these materials by |

osmosis, almost 99 percent of the water that enters Bowman’s capsule
is actually reabsorbed into the blood. In effect, the kidney first throws
away nearly everything and then takes back only what the body needs.
This is how the kidney is able to remove drugs and toxic compounds
from the blood—even chemicals the body has never seen before.

A section of the nephron tubule called the loop of Henle is respon-
sible for conserving water and minimizing the volume of the filtrate.
The waste material—now called urine—that remains in the tubule is
emptied into a collecting duct.

Urine Excretion From the collecting ducts, urine flows to the ureter

of each lkjdney. The ureters carry urine to the urinary bladder for stor-
age until the urine leaves the body through the urethra.
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SRUCTURE AND FUNCTIo

flGuRE 30-19 Kidn=ys are made

gphron, where impurities are

filtered

OF THE KiDNEYs

O nephrons' BIOO

s A out . enfi
gud purified blood leaves g nephron throsnh EMptied.into rh:rcsowe .
.+ in order the struciures that blood flo,,,. 9" 9 Vein. Inter, iy
Lis Ows fhrough in o k; dpf et Visuals

Nephron

Kidney

Nephron

ney.

Renal artery

‘ »“;v ) 1\ Waste-laden blood

Collecting—__ |
duct ]

To ureter

e enters kidney.

# A\ Renal vein

Filtered blood
leaves kidney.

Ureter

i._ i Filtration Blood enters a nephron through
a capillary. From the glomerulus, filtrate
flows into a tubule. Blood cells and large
substances remain in the capillary.
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£ Reabsorption As the filtrate moves through

" the tubule, water and many other sub-
stances that are important to the body
are reabsorbed through capillary walls
info the blood.

y—
£
f{:ﬁ Urine Excretion Once water and other

important substances are reclaimed by
the blood, the filtrate is called urine.

ff/ Collecting ducts gather urine and trans-

port it to a ureter.
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MYSTERY
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\aj‘ Ld 237

Would Seth’s and &d
Philip’s blood
contain a high
level or low level

of ADH?
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> Kidneys and Homeostasis
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(=3 How do the kidneys help maintain homeostasis?

The kidneys play an important role in maintaining homeostasis.
Besides removi ng wastes, the kidneys also maintain blood pH and
regulate the water content of the blood. €22 The kidneys‘ respond
directly to the composition of the blood. They arf? also mﬂue-nced
by the endocrine system. Disruption of proper kidney function can

lead to serious healih problems.

Control of Kidney Funciiun To a large extent, the activity of the
kidneys is controlled by the composition of the blood itself. For exam-
ple, if you eat salty food, the kidneys will respond to the excess salt in
your blood by returning less salt to your blood during reabsorption.
If the blood is toc acidic, then the kidneys excrete more hydrogen
ions in the urine. If vour blood glucose levels rise past a certain point,
the kidneys will even excrete glucose into the urine. This is one of the
danger signals of diabetes, a disease caused by the body’s inability to
control the concentration of glucose in the blood.

Glands release hormones that also influence kidney function. For
example, if you have not consumed enough fluids or if you have sweat
excessively, your pituitary gland releases antidiuretic hormone (ADH)
into your blood. This hormone causes the kidneys to reabsorb more
water and to excrete less water in the urine. If the blood contains
excess water, ADH secretion stops and more water is excreted.

Did you know that the color of your urine is an indicator of how
hydrated you are? A pale yellow color indicates that you are well
hydrated because your kidneys are releasing a good amount of water.
A darker color indicates that the water level in your blood is low, caus-
ing your kidneys to conserve water.

Urine Testing Medical professionals can learn a lot about a person’s
health from a simple urine sample. The presence of protein or glucose
in urine can be indicators of diseases such as dangerously high blood
pressure or diabetes. Although many filtered substances are reabsorbed
into the blood, drugs generally remain in the filtrate and are eliminated
in urine. This is why the effects of many drugs wear off over time and
why urine tests are often used to detect the use of illegal drugs.

In Your Notebook Explain in your own words why urine can reveal
a lot about a person’s health.

Kidney Disorders The kidneys are the master chemists of the blood
supply. If anything goes wrong with the kidneys, serious medical

problems will likely follow. Three of these problems are kidney stones
kidney damage, and kidney failure. ,

» Kidney Stones Sometimes substances such as calcium, magnesium
or uric acid salts in the urine crystallize and form kidney stones Whel’l
kidney stones block a ureter, they cause great pain. Kidney stor;es are
often treated using ultrasound waves, The sound waves pulverize the
stones into smaller fragments, which are eliminated with the urine




y Kidney Damage Many diseases, injuries, 44
exposure t(? hazarfjous'subStanCes can leag >t0n
imPaired kldlley 1‘u1m‘l_1(Tm.. But most Cases of
ddney damage In the United States are oo g t
high blood pressurc and diabetes. Excessive ¥ 0
ﬁLeSSllfe damages the delicate ﬁ]tering mecha_OOd
s, and high blood sugar levels Cause the kid-
neys to filter more biood than normal. Qvey tim
he tubules weaken, and the kidneys may fail to ©
keep Up with the deniands placed upon them

» Kidney Failure \\'licn kidneys can ng longer
deanse the blood arid maintain a state of hOn%eo-
stasis in the body, a person is said to be in kidne
failure. A patient with kidney failure must receiv};
dialysis or undergo a kidney transplant as shown in
Figure 30-20.

During dialysis, 2 machine performs the role of
the kidneys. The patient’s blood is pumped through
the machine, cleansed, and pumped back into the
body. Although the procedure is painless, it is very
time-consuming. Most patients receive dialysis
treatments three times a week for about four hours
each time. To prevent the buildup of fluid and
harmful materials between treatments, patients
must restrict their fluid intake and eat foods low in
potassium, phosphorus, and salt.

In transplantation, a patient receives a kidney
and ureter from a compatible donor. Fortunately
for the donor, a person can survive with just one
healthy kidney.

R4
Review Key Concepts Ca

1. . Review List the organs that are involve
€xcretion.
b. Classify Why is excretion impor tant for
homeostasis?

2. a. Review What substances d
from blood?
b. Sequence Explain wha
tion, reabsorption, and ur

3. 0. Review Describe how t
Water balance. ou think protein and

b. Appl Why do 'y h
- Apply Concepts WhY ) o
glucoseyin ?he u';ine are signs of kidney damag

din

o the kidneys remove

t happens during filtra-
ine excretion. o
he kidneys help maintain

Jormp ASEESTE

Patient’s
ureters

Bladder

FIGURE 30-20 Kidney Transplantation
Unless the patient's diseased kidneys are
causing infection or high blood pressure,
they are left in place when a healthy kidney
and ureter are transplanted from a donor.

BUILD:VOCABULARY, E——

4. Two words that are often used inter-
changeably are excretioni and secretion.
They have two distinct meanings,
however. An excretion is usually a
waste product of metabolism that is
expelled from an organism. A secretion
is a useful substance that is released
inside or outside an organism. Name
one example each of an excretion and
a secretion from this lesson.
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