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Chapter 5 — Water & Seawater
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Chapter 5 — Water & Seawater

Chapter Overview

+ Water has many unique thermal and dissolving
properties.

+ Seawater is mostly water molecules but has
dissolved substances.

+ Ocean water salinity, temperature, and density
vary with depth.

+ Presence of water on Earth makes life possible.
*+ Organisms are mostly water.

* Chemical structure of water gives it its unusual
properties.
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Atomic Structure - Molecule

Electron shells

« Atoms — building

y
blocks of all matter /
 Subatomic particles ‘s"" | |
55/ Pl‘OtonS ‘\\ Nucltaus . ¢ ""“b ‘j"
— Neutrons . \9 /
— Electrons [ ARE

* Number of protons
distinguishes chemical
elements

* Molecule
— Two or more atoms held together by shared electrons
— Smallest form of a substance

Water molecule

Oxygen

4 N
- Strong covalent e?e”ciﬁiﬁs\. ./e?eiiiiﬁs

bonds between two
hydrogen (H) and one ,
oxygen (O) atoms N

(a) Geometry of a water molecule. The oxygen

@ e Py
Hydrogen = dd 4Hydrogen

+

end of the molecule is negatively charged,
> BOth H atoms On Same and the hydrogen regions exhibit a positive
_ charge. Covalent bonds occur between the
Slde Of O atom oxygen and the two hydrogen atoms as

electrons are shared.

— Bent molecule shape

gives water its unique
properties
° 1 H + H
DI O I ar (b) A three-dimensional representation of the
water molecule.
\ 6
-
H + H

(c) The water molecule represented by letters
(H = hydrogen, O = oxygen).
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Water molecules - Hydrogen Bonding

; = Water molecule
» Polarity means small v
negative charge at n - - ﬁggg;gge“
O end
- Small positive charge s *
at H end a y

 Attraction between ’ ‘) 3
positive and negative ’ d
ends of water P

molecules to each ﬂ

other or other ions 3 ﬂ

X

Hydrogen Bonding

« Hydrogen bonds are weaker than covalent
bonds but still strong enough to contribute to

€ Cohesion — molecules sticking together

€ High water surface tension

€ High solubility of chemical compounds in water
€ Unusual thermal properties of water

€ Unusual density of water
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Water’s Thermal Properties

Three States of Matter
+ Water is solid, liquid, and gas at Earth's surface.
+ Water influences Earth's heat budget.

~.
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n place > move freely
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[* ] ® ar Solid Liquid < ? ¢ oX | (water
(ice) A ter) O vapor)
ad Freezing (water) 29 ¢
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N — D( Vaporization o
@ @ - > D Melting ‘U : @'| (evaporation/boiting
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~ -
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________

Increasing molecular energy I

Heat and Temperature

» Heat — transfer of both kinetic and potential
energy from one object to another due to
temperature differences

« Temperature — average kinetic energy of molecules
in a substance

* Calorie is the amount of heat needed to raise the
temperature of 1 gram of water by 1°C.
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Temperature - Freezing and Boiling Points

- Freezing point =
melting point: 0°C
(32°F)

* Boiling point =
condensation point:
100°C (212°F)

* Freezing and boiling
points of water
unusually high

Degrees centigrade (°C)

100

50

-100

L 4
Water
100°C
4
Water
| 0°C
4
Similar
l compound
Similar -68°C
compound
-90°C
Melting point Boiling point

Water’s Heat Capacity and Specific Heat

* Heat Capacity -
amount of heat
required to raise the
temperature of 1 gram
of any substance by 1°C

+ Water has a high heat
capacity - can take in
or lose much heat
without changing
temperature

- Specific Heat - heat
capacity per unit mass

Substance

Water, pure 1.0

Wet mud 0.60

I
-

Ice (0°C) 0.50

Oil 0.48
0.24 - Air, dry (sea level)
0.21 - Table salt (NaCl)

| 0.19 - Quartz sand
. 0.19 - Granite
0.11 - Iron

0.09 - Copper

0.08 - Mercury (liquid)

0

. . .
0.2 0.4 0.6 0.8
Specific heat capacity (cal/g/°C)
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Latent (‘hidden’) Heat

+ Water has high latent heats

- Heat absorbed or released during change of state
+ Water's latent heat related tfo its high heat

bre
ca
140 |-
Water
1208 vapor
100 [~ ¢ - “ 4
o ! 1
° 80 Latent heat of vaporization
2 60 (540 cal/g) . Note that the latent
g heat of vaporization
o 40 . i is much greater than
uE, 4 LIqUId the latent heat of
=20 water melting.
ola_b ¢
Latent heat of melting
-20 . (80calg) Ice
—40 ! ! I !
020 100 200 400 600 800

Calories

is in ice, not increase
e latent heat of melting.

Latent Heat

» Latent Heat of Melting

v Energy needed to break intermolecular bonds that hold
water molecules rigidly in place in ice crystals

+ Latent Heat of Vaporization

v Amount of heat that must be added to a substance at its
boiling point to break the intermolecular bonds and change

state from liquid to vapor
v 540 calories/gram
v" All hydrogen bonds must be broken

+ Latent Heat of Evaporation

v Evaporation = conversion of liquid to gas below the boiling

point
v/ 585 calories/gram

v’ Lower temperature of surface water not at boiling point means

more hydrogen bonds to break
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Latent Heat

 Latent Heat of Condensation

— Cooled water vapor turns to liquid and releases heat to the
environment

— Identical to latent heat of vaporization

» Latent Heat of Freezing
— Heat released when water freezes
— Identical to latent heat of melting

Global Thermostatic Effects

Be sure to keep in mind the following:

- Water's properties moderate femperature on
Earth's surface

v Equatorial oceans do not boil
v Polar oceans do not freeze solid

* Heat energy exchanged in evaporation-
condensation cycle

v’ Makes life possible on Earth



Water’s Three States of

is carried toward the

3/12/2018

Matter

and is released at higher latitudes through precipitation
des), thus moderating Earth’s climate.

(precipitation lat

The heat removed from the tropical

oceans (evaporation latitudes). poles (orange arrows).

ARCTIC OCEAN

PRECIPITATION
LATITUDES

e EVAPORATION ™" EVAPORATION
> LATITUDES » LATITUDES
Equato PACIFIC
OCEAN
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i dor LATITUDES
PRECIPITATION PRECIPITATION
LATITUDES LATITUDES
Atarctio Bicle

PRECIPITATION
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EVAPORATION
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EVAPORATION

EVAPORATION
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PRECIPITATION
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e
‘ [] Heat reteased
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Remember where precipitation is more frequent, it will help you
understand how salinity varies from pole to pole (in the meridional

direction)

Global Thermostatic Effects
diurnal and seasonal effect

+ The interiors of landmasses
experience large temperature
changes from day to nigly

The oceans experience onl)
slight temperature changes

ARCTIC OCEAN

(or no change) from
day to night <
S p
& > /'ﬁ v
' : [ —
BACIFIG | 4 ”LCAENT’C b
SCEAN OCEAN
- ! )
Y INDIAN
OGEAN
-

= > 5
Day minus night temperature (January 1979)

during the day

: during the day
No change from
day to night

Marine &
Continental effects
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Water Density

Density = mass/unit volume

- Density of water increases as temperature
decreases.

v Thermal contraction = shrinkage of most
substances caused by cold temperatures

Water Density and Temperature

Ice Liquid water
o 2° 4° 15° 20°
The widely spaced, ¢’°\§ Tl [@ LY <o DRy ,Q, ¢ ® 6 : °
open lattice structure (g .4 _ g e »® § e oo, O wanrreEzREs ¢? oo L 2y
of water molecules LA & e » e © A : = > @ 5 e o
Sy e »,‘\ 2 ‘d e ® '?'a its maximum 9@ @ [ o
inice give ./I I.[b low e e O?a » g ! density at 4°C. e ®
density; thisiswhy g 5 g e 8} @ o g e o ® &
ice floats. - o O @ QP @ e @ @ @ ®
e d) (©) 3 (b a
1.0010 —
= ~ Water density
1.0000(— @ © = curve (red) _
. 0.9900 10000 b
£ 0.9990— density ensity L -
S Typical liquid 0.9991 (@)
2 At 0°C, ice starts to form density curve d-ensit S
%” 0.9980— and the density of water (green) Yy 0-998_2 ]
s LW decreases dramatically. _ _ _ ____ ___________________( eS|
o : When all water turns to
1 ice, the density drops  Drastic change in scale
: to 0.9170 g/cm?.
0.91 70—,;? *********************************************
09189 T 1 1 | 1 l 1 v | |
°C: 2 0 4 8 12 16 20
(°F): (28.4) (32) (39.2) (46.4) (53.6) (60.8) (68)

Lower temperature
~—



Water Density

* From 4°C to 0°C the
density of water
decreases as
temperature decreases.

— Unique property of water

* Ice is less dense than
liquid water.

— Changes in molecular
packing

— Water expands as it
freezes.

Water Density

* Increasing pressure or adding dissolved substances
decreases the maximum density temperature.

» Dissolved solids also reduce the freezing point of
water.
— Most seawater never freezes.

« Total amount of dissolved solids in water including
dissolved gases
— Excludes dissolved organics

» Ratio of mass of dissolved substances to mass of
water sample

3/12/2018
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Salinity

1 kilogram of average seawater

‘Osg;s‘r“cy;)gizgngn!s L Major constituents

» Expressed in parts per
thousand (ppt) \

- Typical ocean salinity ‘*
is 35 ppt (°/4,) oter

0259
Potassium (K*) Magnesium (Mg?*)
0.38g Calcium (Ca?*) Tasg
0.40g

Seawater

TaBLe 5.1  SELECTED DISSOLVED MATERIALS IN 35%o SEAWATER

1. Major constituents (in parts per thousand by weight, %.)

[ Constiwent | Concemnation(:) | Ratioof constituenvtotal sats %) |
Chloride (CI") 192 55.04

Sodium (Na*) 106 3061

Sulfate (S04%) 27 768

Magnesium (Mg?*) 13 369

Calcium (Ca%*) 0.40 116

Potassium (K*) 0.38 1.10

Total 34.58%. 99.28%

zmmmmwmmummm
| Nwiems 0 [ 0 oes |
—_

Carbon dioxide Silicon (Si) Bromide (Br) 65.0

(CO2)

Nitrogen (N) 14 Nitrogen (N) 05 Carbon (C) 280

Oxygen (02) 6 Phosphorus (P) 007 Strontium (Sr) 80
Iron (Fe) 0.002 Boron (B) 4.6

uthlum (Ln) 185 Zinc (Zn) Lead (Pb) 0 03
Rubidium (Rb) 120 Aluminum (A1) 2 Mercury (Hg) 0.03
lodine (1) 60 Manganese (Mn) 2 Gold (Au) 0.005

*Note that 1000 ppm = 1%..
BNote that 1000 ppb = 1 ppm.

11
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Determining Salinity

+ Salinometer
— Measures water’s electrical conductivity
— More dissolved substances increase conductivity

Adding dissolved
salts to water
| l increases its
N ¥y conductivity, so
{8k | the bulb lights up.

Freshwater is
not electrically |
conductive, so |
the bulb does
not light up.

Freshwater  The more dissolved Saltwater
salts, the brighter
the bulb shines.

Determining Salinity

* Principle of Constant Proportions
— Chemical analysis via titration

— Major dissolved constituents in same proportion regardless
of total salinity

— Measure amount of halogens (CI, Br, |, F) (chlorinity)
— Salinity = 1.80655 * Chlorinity (ppt)

12
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Pure Water vs. Seawater

SMARTTABLE 5.2 COMPARISON OF SELECTED PROPERTIES OF PURE
WATER AND SEAWATER

=  Small quantities of Clear (high Same as for pure water
% .% water transparency)
= g Large quantities of Blue-green because water  Same as for pure water
S 2 water molecules scatter blue and
8 8 green wavelengths best
Odor Odorless Distinctly marine
Taste Tasteless Distinctly salty
pH 7.0 (neutral) Surface waters, range =

8.0-8.3; average = 8.1
(slightly alkaline)

Freezing point 0°C (32°F) -1.9°C (28.6°F)
Boiling point 100°C (212°F) 100.6°C (213.1°F)
Density at 4°C (39°F) 1.000 g/em? 1.028 g/em3

Salinity Variations

* Open-ocean salinity is 33-38 /.
* In coastal areas salinity varies more widely.

* Hypersaline
— High evaporation conditions
— Great Salt Lake salinity = 280 °/,.
— Dead Sea salinity = 330 °/,.

+ Salinity may vary with
seasons (dry/rain).

13
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Processes Affecting Salinity

» Decreasing salinity — adding fresh water to ocean
— Runoff, melting icebergs, melting sea ice
— Precipitation

* Increasing salinity — removing water from ocean
— Sea ice formation
— Evaporation

Processes Affecting Salinity

SMARTTABLE 5.3 PROCESSES THAT AFFECT SEAWATER SALINITY

Precipitation  Rain, sleet, hail, or  Adds very fresh None More H,0 Decrease NA

 rel

snow falls directly water
on the ocean
Runoff Streams carry water  Adds mostly fresh Negligible More H,0 Decrease NA
to the ocean water addition of salt
Icebergs Glacial ice calves Adds very fresh None More H,0 Decrease Yes, icebergs from the Antarctic have
melting into the ocean and ~ water been towed to South America
melts
Sea ice Sea ice melts in the  Adds mostly fresh Adds a small More H,O Decrease Yes, sea ice can be melted and is
melting ocean water and some salt amount of salt better than drinking seawater
Sea ice Seawater freezes in  Removes mostly 30% of saltsin  Less H,0 Increase Yes, through multiple freezings,
forming cold ocean areas freshwater seawater are called freeze separation
retained in ice
Evaporation ~ Seawater Removes very pure  None Less H,0 Increase Yes, through evaporation of seawater
evaporates in hot water (essentially all and condensation of water vapor,
climates salts are left called distillation
behind)

14
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Earth’s Hydrologic Cycle

» Processes that affect seawater salinity

* Recycles water among ocean, atmosphere, and
continents

« Water in continual motion between water reservoirs

Earth’s Hydrologic Cycle

Eq

380,000 km?3 = total

Precipitation (land) water evaporated
96,000 km® /

Evaporation and
transpiration

o Evaporation
* Precipitation 320,000 km?

Annual fluxes between reservoirs

Volume
(cubic kilometers
Pathway per year)

Percentage of water contained in the

Ocean to atmosphere 320,000

Atmosphere ﬁ.’;ean 284,000 reservoirs of Earth's hydrologio cycle

Atmosphere to continent 96,000 Hydrologic cycle reservoir Amount

Continent to atmosphere 60,000 e e

Continent to ocean 36,000 World ocean 97.2%
Ice caps, glaciers, and snow 2.15%
Groundwater and soil moisture 0.62%
Streams and lakes. 0.02%
Atmospheric water vapor 0.001%

15
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* 97.2% in the world ocean

« 2.15% frozen in glaciers and ice caps

* 0.62% in groundwater and soil moisture

* 0.02% in streams and lakes

* 0.001% as water vapor in the atmosphere

» Average length of time a substance remains
dissolved in seawater

* lons with long residence time are in high
concentration in seawater.

* lons with short residence time are in low
concentration in seawater.

» Steady state condition — average amounts of
various elements remains constant

16



Cycling of Dissolved Seawater Components
Volcano Su:ur\\ CI (chloride)

S0,* (sulfate)

Dissolved components

are added to seawater
primarily by river discharge
and volcanic eruptions.

River
discharge
Mid-ocean ridge

Summary
lons enter the ocean through these processes:
* river discharge
* volcanic eruptions
 hy activity at the mid ridge

lons are removed from the ocean through these processes:
« adsorption and precipitation
* sea spray
* biological processes
* hydrothermal activity at the mid-ocean ridge

Chemical reactions
at the mid-ocean ridge
both add and remove various
dissolved components.

Acidity and Alkalinity

» Acid releases a hydrogen ion (H+) when
dissolved in water.

» Alkaline (or base) releases a hydroxide ion
(OH-) in water.

3/12/2018
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pH Scale and Common Substances

» Measures hydrogen ion concentration
— pH value less than 7 = acid
— pH value greater than 7 = base (alkaline)
— pH 7 = neutral
» Pure water

Beca
pH Values of Common Substances , ;;

8.2

« Seawater is slightly
alkaline

— Surface water average o
pH 8.1
* Ocean water pH
decreases with depth

2000 —

Depth (m)

3000 L

4000 {
L

18



Carbonate Buffering System

» Buffering keeps the ocean from becoming too
acidic or too basic.

» Precipitation or dissolution of calcium carbonate,
CaCO;, buffers ocean pH.

» Oceans can absorb CO, from the atmosphere
without much change in pH.

Carbonate Buffering System

Atmospheric carbon dioxide

(CO,) enters the ocean and

undergoes chemical reactions.
Atmospheric CO,

> My (7 - » ) e @D Y A Sy - P Y - > .- >
- d N = P m: .”» Calcite-secreting organisms ), 23 . § ¥ >
> % ] < & ) > 97 » . = e S » ,‘% - ’9
s "If seawater is too alkaline, chemical If seawater is too acidic, cheMical
reactions release H* into seawater, reactions run in reverse, removing H*

which lowers pH. from seawater and causing pH to rise.

+ H,O—» v

Dissolved CO, Carbonic acid

Hydrogen ions
»

Carbonate ions
2 Bicarbonate ions /’
: =

= Calcite Compensation Depth (CCD)

-

Through the process of buffering, « e

these two reactions prevent seawater
from experiencing large changes in pH.

HCO3;™ + H*; pH drops
H,COg; pH rises

If seawater too basic: H,CO3
If seawater too acidic: HCO3™ + H*

As CaC0j shells sink and dissolve below
the CCD, carbonate ions are released,
which buffers the ocean’s pH.

3/12/2018
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Surface Salinity Variation

* High latitudes

— Low salinity

— Abundant sea ice melting, precipitation, and runoff
* Low latitudes near equator

— Low salinity

— High precipitation and runoff
* Mid latitudes

— High salinity

— Warm, dry, descending air increases evaporation

Surface Salinity Variation by Latitude

Temperature (°C)
0 10 20 30
Li 1 ! 1 ]

The presence of large amounts of runoff from
land in far northern latitudes causes salinity =+f--

to be lower there compared to .
equivalent latitudes in the 7
Southern Hemisphere. & N 80N Temperature (red curve)
& o soN-] is lowest near the poles
>l and highest at the
40N 40°N— equator.
ATLANTIC
OCEAN-3N 30N
Tlopi'of Cancer Tropio of Cancer
20N oN Sea surface salinity (green curve) is
" lowest near the poles, peaks near
\’ = the Tropics of Cancer and
& Loy Capricorn, and dips
) near the equator.
E ° E ar
Equator 2 Equato
PACIFIC k]
OCEAN »
Tropiciof Capricorr o
30°S
Salinity i
50°5 50
R & "\ Temperature
s T T T 1
32 38 34 3% 36
Salinity (%o)
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Satellite-Derived Ocean Salinity,
January 2015

R B u

us

35 %5

“roughly equivalent 1o parts per thousand

Ocean Surface Salinity (practical salinity units*)
7 B 40 J
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Salinity Variation with Depth

Increasing salinity (%o) —

* Low latitudes — salinity
decreases with depth

* High latitudes — salinity
increases with depth

* Deep ocean salinity
fairly consistent globally

* Halocline — separates
ocean layers of different
salinity

Depth (m)

33 34 35 36 37
0 = S/L
Surface mixed layer
]Halocline
1000 —
The salinity curve The salinity curve
2000 L for high latitudes for low latitudes
shows decreased shows increased
salinity at the salinity at the
surface and surface and
increased salinity decreased salinity
at depth. at depth.
3000 [~
4000

Regardless of latitude, the
salinity at depth is similar.
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Seawater Density

* Freshwater density = 1.000 g/cm3
» Ocean surface water =1.022 to0 1.030 g/cm3
* Ocean layered according to density

- Density increases with decreasing
temperature

»>Greatest influence on density

- Density increases with increasing salinity

- Density increases with increasing pressure
»Does not affect surface waters

Temperature and Density Variations with

Depth

Low latitudes: Comparing temperature and density curves
Low latitudes Low latitudes
Temperature (C) — Density (g/em’) —
0 4 8 12 16 20 24 1.0251.026 1.027 1.028
/ 0

* Pycnocline -
abrupt change of
density with depth

Depth (m)

* Thermocline -
abrupt change of
temperature with
depth

High latitudes

Density (g/cm’) —
1.025 1.026 1.0271.028

Pycnocline
absent

Isopycnal water column

Isothermal water column

High latitudes: Comparing temperature and density curves

22



3/12/2018

Layered Ocean

Three distinct water masses based on density:
* Mixed surface layer - above thermocline
 Upper water - thermocline and pycnocline
* Deep water - below thermocline to ocean floor

High latitude oceans - thermocline and pycnocline
rarely develop

> Isothermal - no femperature variation in water
column

> Isopycnal - no density variation in water column
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