SFAWATEL CHEMISTLY

Introductory Oceanography
Laboratory




Three Parts

Explore the relationship between
temperature, salinity & density of water masses
and how it affects seawater mass movement

Measure and analyze how temperature
and salinity affect conductivity of water samples
and how to use conductivity to measure salinity

Measure and analyze dissolved oxygen
content in fixed seawater samples using titration



ms Density of seawater Is mainly a
function of temperature and salinity

v Pressure is also a factor

Two samples of seawater can have
the same density at different
combinations of temperature and
salinity

Seawater tends to form stable
density layers
m Coldest saltiest at the bottom

= Warmest, least saltiest at the surface

Changes in the temperature and
salinity of seawater are primarily
controlled by surface processes



Salinity — Temperature - Density Chart
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PART I: Density Flow Experiments:

PART IA: Testing the Temperature Factor




PART I: Density Flow Experiments:
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PART IB: Testing the Salinity Factor




Ocean Density-Stratification Temperature-Salinity (T-S) Diagram

caballing



Formation and Movement of Deep Waters

ThermoHaline Circulation Model

i ) Temperature-Salinity Diagram
Density-driven Deep Ocean Currents






Deep Circulation in the Atlantic Ocean

Density Circulation Model

Deep Ocean Water Masses



Greenland Antarctica

ice ice
LS ocean surface o]

equator

— — — =boundary between water masses A, B,C,and D
—> =direction water mass flows



Key Concepts

m Seawater is a complex solution of water,
dissolved solids and gases, plus organics

m Salinity is the total quantity of dissolved

d
d

iInorganic solids and gases in water

inity is expressed in parts per thousand (%)
Inity is determined by several methods

1) Density 2) Refractometry 3) Conductivity 4) Chemically
--- We will use the first two methods in this lab



T Major Components
of Seawater

Based on 3.44%
salinity
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Methods Used to Measure Salinity

O-0



Using a Conductivity Meter



Conductivity — Temperature - Salinity







m Seawater has 3 major dissolved gases: nitrogen, oxygen, and
carbon dioxide.

m Dissolved Gases measured in milliliters per liter (ml/l)
m Origin of Dissolved Oxygen in Seawater

» Byproduct of Photosynthesis by Phytoplankton
@ Amount of Dissolved Oxygen in Seawater Varies

m Biological factors: Photosynthesis (+) and Respiration (-)
m Physical factors: Water Temperature and Pressure

m Dissolved Oxygen can be measured chemically

m Use modified Winkler Method to quantify the amount of
dissolved oxygen in unknown seawater samples



Major Gases in Seawater and Air



PART II1I: Seawater Titration —
Dissolved Oxygen

Modified Winkler Method







Phase 1 -- “Fixing”

Phase 2 -- “Standardization”

Phase 3 -- “Titration”
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Phase 1: “Fixing” the dissolved oxygen in sample

Step 1 - Add 20 drops (1ml) of manganese sulfate solution (labeled “A”)
to your fully-filled sample bottle

Step 2 - Add 20 drops (1ml) of potassium iodide solution (labeled “B”) to
your fully-filled sample bottle

Step 3 - Cap sample bottle over a dish and shake well —

MnSO, + 2 KOH —— Mn(OH), + K,SO, (white)
If there is any DO in the water a second reaction between the Mn(OH)2 and DO
occurs immediately to form a brownish manganese oxide solid:

2Mn(OH), + 0, — 2MnO(OH), (brown)

Step 5 - Add 20 drops (1ml) of sulfuric acid solution (labeled “Acid") to
your fully-filled sample bottle —

Step 6 - Cap sample bottle over a dish and shake well — wipe excess

2MnO(OH), + H,S04 —— 2Mn(S04), + 6H,0
Amount of iodine exactly equivalent to the amount of dissolved oxygen present sample
2Mn(SO,), +4KI —j\ 2MnSO, + 2K,SO, + 2I,




“Fixing” the dissolved oxygen in sample

Step 1 - Add 20 drops (1ml) of manganese sulfate solution (labeled “A”)
to your fully-filled sample bottle

Step 2 - Add 20 drops (1ml) of potassium iodide solution (/abeled “B’) to
your fully-filled sample bottle

Step 3 - Cap sample bottle over a dish and shake well -

Step 4 - Add 20 drops (1ml) of sulfuric acid solution (labeled “Acid’) to
your fully-filled sample bottle —

Step 5 - Cap sample bottle over a dish and shake well — wipe excess




“Standardization” defined: Calibrating the amount of thiosulfate
solution to a known amount of the dissolved oxygen in a

“standardized” sample called the “Standard”

Standardization Must Be Done Prior to Testing Unknowns

Step 1)
Step 2)

Step 3)
Step 4)



Step 1: Measure Temperature of
Fresh Water Sample

-- Record This temperature in
calibration table

Step 2: Determine the Theoretical
Maximum Oxygen Content of

Known Fresh Water Sample
- Use the Temp-Oxygen Chart
for the known standard sample

Temperature (°C) Oxygen (mL/L)  Temperature (°C) Oxygen (mL/L)
10.22 13

0 7.37
1 9.4 14 7.21
2 9.66 15 7.05
3 9.39 16 6.90
4 9.14 17 6.75
5 890 18 6.61
6 8.68 19 6.48
7 8.47 20 6.36
8 8.27 2 6.23
9 8.07 2 6.11
10 7.88 23 6.00
11 7.1 24 5.89

12 7.54 25 5.77
Values extracted from Murray, C.N,, and ].P. Riley (1969), The Solubility of Gases

in Distilled Water and Seawater: II. Oxygen, Deep Sea Research, 16: 311-320.

CALIBRATION TABLE
Water Theoretical mLs of
Calibration Temp Oxygen Start Point End Point  Thiosulfate
1
2

Average =



Before testing unknown samples we need to know how much
thiosulfate titration solution it takes to indicate a given amount
of dissolved oxygen in a known sample, called the “Standard”

CALIBRATION TABLE

Modified Winkler Method Water  Theoretical mLs of

Calibration Temp Oxygen Start Point End Point  Thiosulfate

Phase #1 — “Fixing”
Phase #2 — “Standardization” i
Phase #3 — “Titration” - -

Average =

* We must titrate our Calibration Using a Standard Sample
standard sample before v’ Use this table for calibrating your “Standard”

titrating the unknowns v’ Use this information in the Unknown formula




Phase 2: “Titration”: Measured amount of dissolved iodine
equivalent to amount of dissolved oxygen in sample

Step 1 - Measure 25 ml of sample into 50 ml plastic graduated cylinder
Step 2 - Transfer 25 ml sample into a 50 ml Erlenmeyer flask

Step 3 - Fill 50 ml burette with thiosulfate solution — No bubbles; Lower
tip slightly into flask

Step 4 - Record initial level of thiosulfate (in ml) as “START POINT’ in table
Step 5 - Begin titrating until the sample color begins to fade to pale yellow.
Step 6 - Add 5 drops of starch to sample — it will turn a dark blue color

Step 7 - Continue titrating SLOWLY (one drop at a time) until the sample
solution becomes colorless. Stop: This is your “END POINT’

Step 8 - Record final level (end point) of thiosulfate solution in buret (in ml)
in the calibration table

Step 9 - Note difference between the “start point” and the “end point”, and
record the number of milliliters require to turn your sample clear



DISSOLVED OXYGEN IN UNKNOWN SAMPLES

. mis of Oxygen
Start Point End Point thiosulfate Content (miL. /L)

Unknown 1
(lagoon surface)

Unknown 2
(lagoon deep)

Unknown 3
(harbor)

Unknown 4
(beach)

Final Step: Use Equivalence Formula below to determine

the dissolved oxygen content of your unknown sample




Next Week’s Lab — Lab Midterm Practical Exam
Preparation




Next Regular Lab — Wave Fieldtrip

Preparation




Next Week’s Lab — Tidepools Fieldtrip

Preparation
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