CN 201

Salinity

Chemical Oceanography

Study of the chemicals found in the ocean

Chemicals in seawater:

Make life in the ocean possible

Affect the way the ocean circulates

Tell us how the ocean was in past times

Dissolving power of water

Every stable chemical element on Earth is in seawater

Chemical terms
Elements - basic building block of chemistry e.g. Na
Compounds - combinations of elements e.g. NaCl

lons - any element or compound with a charge e.d. Na

Moles - atomic or molecular weight in grams e.g.

1 mole HO = (2 x 1) + (1 x 16) = 18 grams

CHEMICAL DEFINITIONS

Elements, compounds and ions

This isa guide to allow you to refer 1o the definitions of elements, compounds, and ions. I do not expect you
member the individual atomic weights of elements or compounds or their exact definitions. but you do
4 basic understanding of these terms 1o be able to follow the class lectures

Elements

Elements are the basic chemical unit and are represented by o 1 or 2 letter ubbreviation, e
sodium (Nay, oxygen (0). magnesium (Mg). 90 elements are found on Earth. The counin
is the atom. The atoms of each element weigh a different amount. For example, hydrogen (the lightest atom)
Lof 1. oxygen that we breathe has a weight of 16, phosphorus has an atomic weight of 31, etc.

phosphorus (P)
unit for elements

has 3 weigh

Compounds

Compounds are made from combinations of elements. Sodium chloride's abbreviation is NaCl (common
table salt) and it is made up of one atom of Na (sodium) and one iom of C1 (chlorine). The counting unit
for compounds is a mole, i ¢., one mole of NaCl is made from combining one male of Na and one mole of
Cl. The weight of a mole of 2 compound is simply the sum of the atomic weights of the atoms. For
example. the compound H;0 (water) is made from 2 atoms of H (atomic weight = 1) and one atom of

oxygen (atomic weight = 16), therefore the molecular weight of water is 2 + 16 = 18. Since all weights in
s (the metric system of weighis is described on in your book, Appendia 1 both
ams, i.¢...a mole of water is 18 grams of water.

chemistry are in
editions). a mole is simply the molecular weight in gr

Tons

Any clement or compound that has an electrical charge is an fon. We tend 0 describe dissolved chemicals
water as dissolved ions because we can use the term t describe elements and compounds at the same
thin . lons are nomally written with

in se;

dissolved in seawater has an electrical charg

their charge (+ or -) after the symbol. Na is the sodium ion because it has a single positive charge. CI' is

time and almost eve

. In cases of multiple charges, e.g.. Mg™. a number

5). Compounds can be

the chloride ion since it has 2 sing]
indicates how many charges are associated with the ion (in this case two "plus” chi

sative charg

ions, too. For example, phosphorous is in the ocean in the form of the phosphate ion (PO,*). which means

that phosphate i
it with three negative charges

mbination of ane atom of phosphorus and 4 atoms of oxygen and that the compound is
tice, the charges are ofien lef off when we write down the formula

for an jon.

Molar units and prefixes

One mole of a substance is the atomic weight (in the case of an element) or molecular weight (in the case
4 compound) in grams. For example one mole of Na fatomie weight 23) is 23 grams, one mole of Hy0

(molecular wes

=2+16) s 18 grams

1 millimole (1 mmoly = 001 moles (1 x 10 moles)

1 micromole (1 umol)=000001 moles (1 x 107 moles)
1 nanomole (1 nmol}=000000001 moles (1 % 107 moles)

oles)

1 picomale (1 pmol)= 000000000001 moles (1 x 107"

Term

GLO!

EMICAL TERMS

. Elements

Basic chemical form of matter

1
2. Compounds
3.Tons
4. Oxidation States
5. Mole

A chemical combination of elements
Electrically charged element or compound
Different chemical forms that elements are in

Atomic (or molecular) weight of substance in grams

6. Isotopes

Atoms of the same clement with differcnt weights

7. Isotope

8.2

Fraction a ion separation of heavier and lightcr isotopes during chemical or
physical processes

Abbreviation for gram (~ 28 ¢ = 1 ounce)

9.Kg

Abbreviation for ilogram {1000 g =1 kg)

10. Salinity
11, Density

12. Major Ions
13, C
14, Residence Time
15, Soluble

ervative lons

Amaunt of salt dissolved in sea water
Mass (weight) per unit volume

O Na® Mg, 80,7, Ca®* K+

An ion whose concentration varies anly with salinity
The average amount of time that an element will spend in the ocean

Means that a large amount can be dissolved

16. Oversaturated

Above the soluble limit

17. Weathering
18, Photic Zone

The process by which rain etc . breaks down rocks
The upper waters in the ocean which receive enough sunlight for plankton to
row.

19, Remi

The process by which organic matter is broken back down

20, Preserved
21. Advective Flow

22, Foraminifera

ines

Material that is not recycled
The direction in whieh water is flowing

Animals that live in the open ocean and build their skeletons with calcium
carbonate

23. Anthropogenic
24. Upwelling

Introduced by human activity
Process of bringing material from deep to surfuce

The balance between the amount 1
system

s) of a chemical entering or leavis

26. Flux
27. End-Member

28. Geochronology

Amount of material being transported per unit Lime
Pure form of 3 component in a system
Process of assigning dates 1o layers in sediments

Time taken for 1/2 of 4 radioactive substance to decay

Mixing of sediments by burrowing animals

Period of time between ice ages

Download from class web site




Numbers to remember:

Typical amount of salt in seawater is ~35g/litre
Major ions (6) make up 99.8 % of all dissolved chemicals

Chemical composition of seawater

Major ions in seawater of salinity 35

Symbol

Cl
Na*
MgZ+
SO
ca*
K+

Total

Name

Chloride
Sodium
Magnesium
Sulphate
Calcium
Potassium

% of
total

55.29
30.74
3.69
7.75
1.18
1.14

99.8

mmoles

546
469
53
28
10.3
10.2

amount/kg
gms

19.353
10.76
1.292
2.712
0.412
0.399

Dissolved salt in sea water ~35g/kg

Dissolved salt in river water ~ 0.1g/kg

Marcet's Principle

“Regardless of how the salinity may vary from place to
place, the ratios between the amounts of the major ions
in the waters of the open ocean are nearly constant.”

l.e. - major ions are uniformly mixed




What does this mean?

Example In contrast,
%'+ = 1.796 everywhere in the open ocean Minor and trace species have lower concentrations-
a
_ They also have non uniform distributions in the ocean
Na- = 3.972 everywhere in the open ocean
SO They are useful for tracing oceanic processes
i --major ions are not

Except: In coastal regions near mouths of rivers

Minor ions, nutrients and other components of interest to us

Minor ions i
2
Gl Ve TG Where is all the water~
moles ams

HCO; Bicarbonate 2.32 mmol 0.142
Br-  Bromide 0.84 mmol  0.0674 The distribution of water at the Earth's surface
S+ Strontium 90 umol 0.0079 % of total
H,BO; Borate 73 pumol 0.00445 Oceans 97.25
F Fluoride 67 pmol 0.00128 lce cans and alaciers 2'05
Nutrients P 9 :
S0, Siica 0-170 umol Groundwater 0.68
PO2 Phosphate  0-3.2 pmol Lakes 0.01
NO, Nitrate 0-44 umol Soils 0.005
Other chemical species Atmosphere (as vapour) 0.001
C* Cadmium 0-1nmol Rivers 0.0001
H Tritium measured relative to hydrogen. . :

Biosphere 0.00004

Total 100 %




Why do some elements have high concentrations and are well mixe«
while others have low concentrations and are not well mixed?

Sources of chemicals to the Oceans Water flows into the oceans

\olume of the oceans:
1.37 x 1@!litres. A

\olume of water flowing into the oceans each year:

O W

Rivers = 3.74 x 1% litres.
Rain on surface ocean = 3.8 x!1[res.
Hydrothermal vents = 1.7 x Mitres D

Most common ions in seawater and river water and the elemental
composition of the Earth’s crust*
listed in order of abundance

But----composition of river water is very different
from ocean water

Seawater Earth’s crust River water

(as ions) (as elements) (as ions)
Chloride (Cl) Silicon (Si) Bicarbonate (HCQO
Sodium (N&) Aluminium (Al) Calcium (C&")
Sulphate (S¢¥) Iron (Fe) Silicate (Si¢)
Magnesium (M§g") Calcium (Ca) Sulphate (S®)
Calcium (C&") Sodium (Na) Magnesium (MY

Potassium (K) Potassium (K) Potassium {K

Bicarbonate (HCQ®) Magnesium (Mg) Sodium (N
Bromide (Br) Titanium (Ti) Iron (F&%)
Borate (HBOy) Manganese (Mn)

Strontium (S#) Phosphorous (P)

* Excluding oxygen




Residence time

Residence time is the average amount of time something spends
somewhere.
It is also the amount of time it takes to replace the amount in the
reservoir
Example in Chemical Oceanography
Residence time of sodium in the ocean, is the average time a sodium
atom spends in the ocean which is same as the time it takes to replac
all the sodium in the ocean.
How do we calculate it?

Find out how much sodium is in the ocean

Find out annual river flux

Residence time (in years) = Amount of sodium in the ocean
of sodium in the ocean Amount of sodium being added
to ocean/yr (or removed)

Residence times range from:
< 50 yrs for (Fe) to > 50 million yrs (Na)
If less than the mixing time of the ocean
not well mixed
If much greater than mixing time of the ocean
are well mixed

All major ions have residence timel>million years

Hence major ions are well mixed with respect to each othel
Marcet’s principle

Residence time of some ions in the oceans

Sodium 68 million years
Chloride 100 million years
Magnesium 10 million years
Sulphate 10 million years
Potassium 7 million years
Calcium 1 million years

Aluminium ~200 years
Iron ~ 50 years




All the elements that are present in high concentrations in
seawater have long residence times

Elements with long residence times:
Have a long time to accumulate in the oceans
Concentrations can increase
Undergo large number of mixing cycles
Are well mixed

Elements with short residence times:
Are removed quickly
Do not have time to build up concentration
Exist in ocean < 1 mixing cycle
Are not well mixed

What really controls residence time?

The rate of removal
Is determined by chemical and biological processes

Creationists say residence time of chemicals in the ocean is matesti
of the age of the Earth!




