INTERPRETING DATA 1IN BI1IOLOGY
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Introduction

In endothermic animals such as mammals and birds, normal metabolism requires that the body remain at a
relatively constant temperature. in order to do this, the body must achieve a balance between heat loss and heat
production by the body. If the body becomes too cold it will attempt to minimise heat loss at the same time as
it increases heat production. If the body becomes too hot it will attempt to minimise heat production and
maximise heat loss.

Aim
To decsribe how humans respond to changes in temperature and relate these responses to heat production and
heat loss.
Date
TABLE 1: HUMAN RESPONSES TO ENVIRONMENTAL TEMPERATURE
Environ. | Body Observed responses Observed behaviour
temp (°C)| temp (°C)
0 21 fingernails, toenails, lips and nose appear biue,
sleepiness and disorientation, coma and death
10 35 skin feels cold fo the touch, fingers, toes, nose curled in a ball
and ears coid, lips appear blue, violent shivering
20 37 skin feels cool to the touch, muscle tension, arms crossed, hunched shoulders,
slight to moderate shivering rubbing skin, swinging arms,
moving around
30 37 slight perspiration appears comfortable and relaxed,
moving freely
40 37 perspiration, redness in the face and skin sitting still, arms and legs apart,
fanning
50 38 increased perspiration, redness spreading to sitting still, arms and legs spread
body out
60 40 profuse perspiration, redness over whole body, lying down, arms and legs spread
dizziness out
70 48 sweating diminishes, coma and death collapse

TABLE 2: THE INFLUENCE OF HEAD TEMPERATURE ON HEAT PRODUCTION AND HEAT LOSS 1IN HURMANS

Head temperature
(°C) 36.4 | 36.5|36.6|36.7 | 36.8 | 36.9 37.0 | 37.1 {37.2137.3|37.4|37.5 37.6

Heat production
(joules/second) 336 | 320 | 294 | 275 | 252 | 205 | 147 | 86 86 | 86 | 86 | 86 86

Evaporative heat
loss (joules/second)] & 8 8 8 8 8 8 95 | 190 | 245 | 300 | 345 | 390

Reference
Guyton, A. C, Texthook of medical physiology, W. 8. Saunders Company, Philadelphia, 1976.
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Grophing the dale

Graph the data in Tables 1 and 2 on the axes below

BoDY TEMPERATURE AT BIFFERENT ATMOSPHERIC TEMPERATURES
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Eowﬁ.m.mﬁm the dake

Betwean what atmospheric temperatures is the body able to maintain a relatively stable bod
temperature?

BEE What are the two main body respanses to environmental temperatures over 30°C?
EER what are the three main body responses to prolonged exposure to temperatures below 20°C1

Between what head temperatures does the bady switch from heat production to heat loss?
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Link each of the body responses and fehaviours below to a physiological explanation. One has been
done for you. Please note: in some cases, more than one body response or behaviour can have the same
physiological explanation.

Body response or behaviour Phystolegical explanation

Sleepiness and disorientation

Curled in a ball, arms crossed These behaviours reduce the surface area of the body exposed

1o cald and so reduce the rate of heat loss.

Lips and nose appear blue These behaviours increase the surface area of the body and so

increase the rate of heat loss.

Swinging arms, moving areund Person has hypothermia and their low body temperature is

now disrupting the biochemistry of the brain.

Skin feels cold Perspiration evaporates from the skin causing evaporative

coaling. Heat moves from the blood into the cool skin.

Shivering Peripheral blood vessels (thase in the skin} are constricted
{closed up) reducing the blood supply to the skin. This cools
the skin and reduces the rate of heat loss.

Perspiration Paripheral blood vessels are dilated {opened up) increasing the

blood supply to the skin, increasing heat foss.

Arms and legs spread out Due to profonged exposure to heat, the body has become
dehydrated and, as a result, is no longer able to perspire at the

same rate.

fledness in the face and skin Body movement increases heat production by the body.

Sweating diminishes

maintain a constant body temperature at high envirenmental temperatures.

Explain how behaviour, increased metabolic rate and constriction of peripheral blood vessels work
together to maintain a constant body temperature at low environmental temperatures.

BB Describe the evidence in the data that supports the hypothesis that the control of bady temperature is
located in the brain.

4 A
slerAmpl, Sune Keys and Emerald Cily Books 2000. This sheet may ke photocoplad for non-commerclal classronm use.
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y o Graph the environmental temperature and the rate of water loss below

Q@ﬁ%@ggg control and 140
120
water loss in humans <
g 100
=
£ =
Introduction 3
§ Humans, like birds and other mammals, are endothermic. The human body is maintained at a relatively constant T 60
temperature by a number of mechanisms: g "
» If the core temperature drops, the body can limit heat loss by conslsicting {narrowing} the peripheral blood m
vessels {in the skin), raising body hair and generating extra heat by shivering. T 20
+ [f the core temperature rises, the body can lose heat by sweating. As the sweat evaporates, it cools the skin 0

and the bload flowing through the skin, This process is made more efficient by dilating (widening) the

peripheral blood vessels so that more blood comes In contact with the cooled skin layer. 12 14 16 18 20 22 24 26 28 a0 3z 34

. i tal terperature (°C)
Aim D . environmen
. eseribing the data
To investigate the mechanisms for temperature control in humans and the lass of water through sweating. %
Dat Describe the relationship between body temperature and environmental temperature.
ata

. ationship between water loss and environmental temperature.
Effect of increasing environmental temperature on body temperature in humans § Describe the relationship pe

© Peler Ampt, Juna Keys and Emerald City Books 2000, This sheet may be photocopied for non-commercial classreom use.

EEBE At what temperature does water loss due to sweating begin?
8.0
: BrEE What other effects does increasing envirenmental temperature have on the body?
37.5 . .
~ Making links
[9)
S o0 The observations in the table above show how the body responds to water loss by sweating
o 37
m .\ BEE Draw lines to link the body's response with the organs involved and the explanation. Two are done for you.
2. 365
m. f30DY RESPONSES TO CHANGE IN ENVIRONMENTAL TEMPERATURE
.m.. 36.0 Body's response Organs Involved Explanation
E s ——— - ~
358 reduced blood volume and increased bloed concentration»
shivering kidneys hermone signal—kidneys reabsorh more water-less water
L in urRe-2urine rmore concentrated-+less water lost
5.0 ——— ok et
Y Ty ' p
15 20 25 30 35 40 45 skin cold brain and decrease in body temperature—brain signals an increase in
: i o 1o touch peripheral muscle tension—increasing muscle tension results in
environimental temperature (°C) blood vessels | shivering—heat production increased by up to 500%
N Nttt
RAYE OF WATEN 1055 IN HUMANS DURING INCREASING ENVIRONMENTAL TEMPERATURE P — p Y
L —_—
N feelin increase in body temperature—brain signals to blood vessels
Environmental Rate of water loss Observations thirs 3 brain —blood vessels in skin ditate (widen)—more blood flows
temperature (°C) {ml/hour} ty to skin—blood cooled —body temperature returns to normal
P— “asunmsnsmmmcsad) [R— r
12 20 constant shivering — — p y
14 22 extramities cold redder skin brain and blood meore concentrated—thirst centre in brain activated
16 24 shivering calour peripheral —person feels thirsty and drinks—blood returns to
18 Y <kin cold to touch blood vessels normal concentration
Nermerm rnrr—Tm S
20 28 geose bumps appear on the skin. — re————e p "
22 30 lTower brain and decrease in body temperature—>brain signals to blood vessels
24 32 volume of body ~+blood vessels in skin constrict (become narrower)-less
darker urine muscles blood flows to skin—heat loss reduced
26 34 oot raserot j P EETERERR .
28 36 sweating
ww MM Pﬂ.m_.ma‘ —— 5 Write a brief summary of:
SN caiour PEcomes redder - o the effect of the peripheral blood vessels on temperature control.
34 118 lower volume of darker coloured urine.

& the effects of sweating on temperature contro! and water loss.
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Malting links

Reason or advantage

Adaptation
Radliate heat into surrounding air
Large Eil @ars — """

Lizard Jying In the ground

Id extremes in temperatures
in the early moeming Ao P

warm the body
Roll into a furry bal! Te

Infulate, keeping heat inside
Thick fur Ta fnau oy

To prevent heat Joss by reduding the SA/vol

Lizard butrranadng

Activity 5: Regulation of body remperature in humans
Graphlng the data

Body ter at different at heric temparalures Heat produciion and heat loss against head temperature
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Describing the data

Between 20°C and 50°C

Perspiration and redness

Cold skin, shivesing, extremitias and lips appear blue-
Between 37°C and 37.1°C

364 365 366 367 368 369 370 I IN2 323 74 IN5 W6
haat lemperature {*C)

N ohWN -

Interpreting the data

Physlologlcal

Body response or behaviour
Sleepiness and disedentation

These behaviours redisce the surface area of the bady exposed
10 cold 2nd so reduce the rate of heat loss.

These behaviours increase the surface area of the body and so
Increase the rate of heat loss.

persen has hypethermia and thelr low body tempesature is
now disrupting the blachemistry of the braia.

Curled in a bal,, arms crossed
Lips and nose appear blue

Swinging arms, moving arcund

Perspiration evaporates from the skin causing evaporative
cooling. Heat moves from the blood into the cool skin.

Shiveri peripheral Blood vessels {those in the skin) are constricled
ivering {closed up) reducing the blcod supply to the skin. Thit cools
1he skin and reduces the rate of heat loss.

. peripheral bfood vessels ars dilated (opened up) increasing the
Perspiration fiood stpply 10 the skin, increasing heat oss,

Due 1o profonged exposure to heat, the body has become
dehydrated and, as 2 resuit, s no fenger able to perspire at the
same rate.

Body mavement increases heat production by the body,

Skin feels cold

Arms and legs spread out

Redness in the face and skin

Sweating diminishes

6 to the skin to be cooled by perspiration. Spreading the arms and legs expases
Dilatlan of pedpheral blood vessels sends maft _u_oon._.wﬁmn wm%ﬁzoawz_:nnmuurmu:oﬂ.

the skin surface ta the air for evaporative cooling. i i
7 > " increase heat production. Canstriction of peripheral blood vessels reduces the
Movement, shivering and increased metzbolic rate _n_ S ees heat

volume of blood that flows through the cool skinan! ! .
&  Avery small change in head n%:_.._mﬁmﬂ:_.m stimulates metabolic changes. Other parts can flucluate more in temperature,

[INTERPRETING DATA IN u_cpomﬁ

Adciivity 6: Temperature control and warer loss in humans
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Describing the data

1

Body temperature remains canstant despile changes in environmental temperature.

2 Water Joss increases as environmental temperature rises.

3 Atabout 2&8°C.

4 ‘the body starts to sweat and the skin colour becames redder.

Making links

Body's response QOrgans Involved Explanation
recuced bioad volume and Increased blood Hlﬁﬁ!ﬁ.I
hotmone H-rkicneys reabsoth =1

shhvering Hdneys In __.__..T.L:ﬂa more no:naﬁuﬂamﬁ MNQ bost

Brain and decrease i body.

brain signaks an
ahin geld
L teuch %

g:ﬁi&lﬁié:ﬁri&ﬂi&s
shiveding—+heat production incrested by up to SD0%

Increaze in i ature—brain o bicod vessels
o versc s T e e Amore hoad e
to skin—tblood cocled — bosdy 1emyseqttite retms to nomat

M
(v | L
M

brain and blood mone concentrated—ithint centre in braln activated
recdder skin Woo.uvrnd. —1person feels thinty and drinks—+biood retums to
colour blood vessels nammal concentration
decrease in uoa« temperatwe—tbraln dgnals to blood vesselt
fower volume of brin and body —sblood vessels In sin constrict {becomia namawen)—iets
M dorker urine mscles blood fiows to tiin—sheat Joss reduced

L3

Ld

N n..,..
The peripherci biood vessels help controf temperature by regulating the valome of % passing through the skin: reducing the volume when
it is cold to reduce heot loss ond increasing the volume when it Is hot to increase 3
Sweating causes evaporative cooling ta increase heat toss, This also reselts in water Joss.

Activity 7: The adaptations of mangroves

Interpreting the data

Shbh N -

Plants need oxygen %o respire.

They get oxygen from air spaces between soll particles.

They have above ground rools {pneumatophores) with lenticels which aliow oxygen absorption from the alr,

The seed needs to become busded in moist soll containing alr spaces. This usually occurs on the ground surounding the tree.

Grey Mangrove seeds are mare likely to fall into the water or onto waterlogged soil than seeds from terrestral plants.

The seeds germinate while they are still in the frult on the plant and then fleat on the water until they make contact with land.

Soll water in terestsial habitats s relatively low in salt. Water moves into the roots by osmosts because the salt concentration Inslde the
roots Is greater than in the water. The same thing happens in mangroves axcept the salt content Jn both the water and roots [s greater
than In terrestrial habitats,

Water would mave out of the roots and Into the soil, causing the plant to dehydrate.
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Metivity %+ Water Balance

packground Information:

Two OIMenes, aldosterone and antidinretic hormone (ADH) influence the volume and
cosceniration of urine produced by the lddney.

Aldosterone zets an the distal convoluted tubnile to actively reabsord salts from the filivate,
A D zets on the permeability of the collecling ducts to reabsorb water.

Purpises:
o 1o observe the alfect of difTeremt fuid inlake on wrine production
e 10 explain the roles of ADH and aldosterone on urine volumes and conceanmratan
a to appreciate the imporlatee of hydration on bady functioning,

Compriets he following lsble:

Sources of water for the baody

- Ways in which water is tost from 1
' ihe hody *

Procedure:

The volume of unce produced by Stdent A was measured every hall hour for several hours.
Student A drank a litre of tap waler 1 hour aller the measurements started and then stayed quict
watching movies during the time the daty was collected.

The resuits are shown in the table below,

Time Volume of urine
{hours) collected {mL}
{ 45
0.5 44
i 50
{water dm_nk at this time)
15 280
2 A50
25 250
3 120
3.5 80
4 45
4.5 50




a, Oraph the data on the grid provided below.
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2, Why wera urine volumes collectsd befara the person drank the water?

[}

How lang did it take for the water io affect urine volumes? Explain why.

4,  Draw lines on the graph to indicate the expected levels of ADH and aldosterone during the
time of the investigation.



Student B also collected data on urine volumes, but be drank a litre of hypertoaic saline - water that
has a higher concentration of salf than that found in normal body fluids. He drank the saline water at
time 1 hour. Student B also had access to facilities to measure the concentration of uring produced,
He made a quick sketch of his results which is shown below,
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Figure I3 Charges o arine woiume and concentranion after deinking 70 of hypenoniv saline,

oo Wby wars urine volumas oollested prior o drinking the waler?

G Lxplan the relationship between urine volumes and conzentration during this investigation.

7. What wo factors sre being changed in the internal envirorment by drinking a litre of saline
waler?

8. What does the body excrate firsi - excess waler or excess salt? What aevidence is there io
suppott your answet?

9. Indicate an the graph, the times when ADH and aldosterone levels would have heen high.
Lise a different colowr for each hormones,

0. How would blood pressure change during this investigation®




1.

In cold weather bload vesselsinthe s
circulation, This Increases blood pross
happen in the following feedback loop.

kin constrict causing bioed into the body core
ure. Indicate with up or down arrows what would

v ADH [T : ,
-"ﬂw e S
bload pres L water
i pmbsumﬁ] reabisorption i l
A kidney
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body fluid }4‘ o -
volume ! uring volime
12, How would tos change if the person was sweating heavdly”

Peopie suffering from heat exha

.
B,

WsliOn Or @ Dunfever shire a symplom: A headache. Aleohol inhibits
the production of ADH. Heat exhausiion is causced when i
headache is caused by the effect of

ye hody loses Muids due to heat. The
Pvery concenttaed blood on the braim cells.
Expiain how low ADH can cause dahycralion.

14.  How wouid the change in blood osmolic pressure alfsct the movement of materials into / oul
of the brain cells?
16.  How could you avoid a hangover afler drinking aicohol?
18. Inindustries located in hot, dry climates eg. Pilbara area, there is usually 2 urine colour chart
on the back of the door of the tollet. Why is it

irmportant to know 1f you are dehydrated?

Am | hydrated? Urine colour chart htm:ffmvw.atridem,ygﬁgmgrmsgggachfhandﬂughﬂi@ﬁogsud!
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