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Title — Salinity of tidal, estuary and river water

>

The aim of this investigation is to measure the salinity of water samples collected
from different locations and compare them with the global average salinity of
seawater, and to measure the chloride content of seawater

Underlying environmental science

Rainwater is naturally acidic, caused when carbon dioxide dissolves in moisture in
the atmosphere to form carbonic acid. This breaks down rocks through chemical
weathering, releasing ions that runoff into rivers and oceans. The most abundant
ions in seawater are chloride, sodium, sulfate, magnesium, calcium and potassium,
making up around 99% (1). These combine to form different salts, with sodium
chloride the most common.

The more salts that are dissolved the more saline the water. The average global
concentration of salt in seawater is around 3.5% (2) but the map below shows this
varies around the world. The least saline seawater is found in parts of the Baltic Sea
(around 0.5% salt content) but changes seasonally, getting saltier in the winter when
sea ice forms and less salty when the sea ice melts and releases the freshwater
again (3). The most saline is in the Red Sea (around 40% salt) where it is affected by
high temperatures increasing the rate of evaporation, and also by very little
freshwater entering from rivers (4).

Changes in ocean salinity patterns can be due to combinations of changes in ocean
circulation, the hydrological cycle and the climate, and these are being affected by
human activities. Global warming is making the north Atlantic Ocean slightly less

SQA | www.understandingstandards.org.uk 10f12



Higher Environmental Science Assignment 2018 Candidate 1 evidence

salty because evaporation near the equator is increasing and the moisture in the
atmosphere is being pulled towards the poles and falling as rain. This enters the
rivers and seas as runoff and reduces the salinity, while ocean nearer the equator is
left more salty (5)

This investigation will look at the salinity of tidal seawater, estuary water, and river
water to see how they compare with the average global salinity of seawater. | will
also assess the chloride content of seawater, which is what gives it its salty taste.

Method

Samples of water were collected from three locations: a beach, an estuary and a
stretch of river above the tidal reach.

A 1 litre wide-mouthed bottle attached to a long pole was used to collect the water
samples.

Experiment 1

We placed three samples from each bottle under a light bank. They were evaporated
to dryness and then weighed to determine the salt in each sample.

Sampling Sample Mass of Mass of dried % salt in Mean % salt
location no sample (g) salt (g) sample
Beach 1 102.8 5.3 5.16 5.04
2 102.5 4.9 4.78
3 102.5 5.3 5.17
Estuary 1 104.3 3.3 3.16 3.57
2 103.3 3.6 3.48
3 103.0 4.2 4.08
River 1 100.3 0.1 0.0997 0.09897
2 101.5 0.1 0.0985
3 101.3 0.1 0.0987

The % salt content data is displayed on a bar graph.
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Analysis of experiment 1

The average global salinity of seawater is around 3.5%. It can be seen that the
beach sample has a much higher % salinity than this, and that the estuary sample is
closer to the global value.
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Experiment 2

A sample of the seawater from the beach was titrated with silver nitrate solution
using the Mohr method. This determines the chloride content of the water.

Sample 1 2 3
Initial reading (cm?) 0.0 11.1 22.2
Final reading (cm3) 11.1 22.2 33.2
Volume of silver nitrate 111 11.1 11.0
added (cm?)

Average volume used = 11.0 +1;'1+11'1 =11.07 cm®

Balanced equation:
Agt + CI ——» AgCI

Concentration of chloride ions:

e Seawater sample (A) = 10 cm?3, which was diluted to 100 cm? with distilled
water and a 10 cm?® sub-sample (B) was used for titration.

e Concentration of silver nitrate used = 0.05 mol I

e Average volume of silver nitrate added = 11.07 cm?

Moles of Ag* in volume of silver nitrate added = concentration x volume
= 0.05 mol I'* x 0.01107 |

= 5.535 x 104 mol

Moles of CI-in (B) = 5.535 x 10 mol

Concentration of CI-in (B) = 5.535 x 10* mol I'* = 5.535 x 102 mol I
0.011

Concentration of CI-in (A) =5.535 x 102 x 10 = 5.535 x 10" mol I

Concentration of CI- in original seawater
= 5.535 x 10" mol It x RAM of chloride
=5.535x 10t mol It x 35.5

=19.65¢g I

Analysis of experiment 2

The concentration of chloride in the beach sample was found to be 19.65 g I, which
converts to 19,650 ppm. This compares well with the average global value of 19,345
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ppm shown in the table below (3) and the table in the appendix shows that at 3.5%
salinity the chloride content is 19,400 ppm.

chemmicalion  |valence {E‘fm?é :ahﬂ:;[ g,f “‘“L‘E’;ﬁ “‘mi
Chlaride Cl 1 o TS T
Sodium Na ] 0752|3059 zzooo| 468
Sulfate S04 5 701 76| oeoez| 28
e ——— 2 1205|368 24305 533
Calcmm Ca 2 416 1.18] 40078 104
Totazzium K ] s00]  L11| 3o ooo
Bicarborats HOOS| | -1 145|041 e1ol8 234
Erommds Br 1 56| 01| Toood oss
Eorats BO3 3 77| oos| sseos| o4
Smonten 51 2 15| oo4]  &r.620] 0.001
Fluords F 1 I ooos| 18008 0.068
Conclusion

The beach sample should be almost all seawater. The estuary sample should be a
mix of seawater and freshwater known as brackish water. The river sample was
collected 25km upriver from the estuary so will be freshwater as the tide doesn’t
reach this far.

Experiment 1 showed that salinity falls as you move inland from the beach. The
average global salinity of seawater is 3.5% but my estuary sample was closer to this
value than the beach value was. The salts in the river sample were less than 0.1%
and must have come from chemical weathering of rocks as the sample was collected
a long way from the coast and so would not have been affected by seawater.

Experiment 2 assessed the chloride concentration of the seawater sample, which
was found to be 19.65 g I'.

Evaluation

Care had to be taken not to place the light bank too close to the beakers as some of
the sample could have sputtered out, removing salt along with the water and
affecting the mass of total dissolved salts.

A salt crust formed as the water evaporated off and had to be broken up to allow the
water below to evaporate. | used a glass rod and had to make sure not to lose any
salt stuck to it. This also would have affected the mass of the total dissolved salts.
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Determining the end point of the titration was tricky as there was no sharp change in
colour. It took a lot of practice goes to work out what end point | should be looking
for.
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Element

Element Atweight |ppm At weight |ppm
Hydrogen H2O 1.007g7 110,000 Maolybdenuwm Mo 002504 0.01
Cygen H20 15.2004 223,000 Ruthenium Ru 101.07 0.0000007
Sodium MaCl 229803 10,200 Rhodium Bh 102805
Chilorine MaCl 25,453 18,400 Palladiurn Pd 106.4 .
Magnesium Mg 24 312 1,280 Argentum (silver) Ag 107 870 0.000238
Sulfur 5 Az2.084 a04 Cadmium Cd 112.4 000014
Potassium K A4 102 a2 Indium In 114.82 .
Caleium Ca 40.08 411 Stanmum [Bn} Sn 118.85 0.00081
Bronnine Br 792085 873 Antimomy Sh 121.75 000033
Helivmn He 4 0026 00000072 Tellurum Tea 127.8 .
Lithiusn L 8.8328 0.170 lzdine | 168.804 0.084
Beryliurn Be 8.0133 0.0000008 Xenon Xe 131.30 0.000047
Boron B 10,811 4 480 Ceacium Cs 132805 0.0003
Carbon C 12.011 2280 Barium Ba 137.34 0021
Mitrogen ion 14.007 15.5 Lanthanuenm La 12881 0.0000028
Fluorine F 15.202 13 Cerium Ce 140.12 00000042
M=on Me 20183 0.00012 Praesodymiwm Pr 140807 000000054
Alumnimium A 25,952 0.001 Meodymium MNd 14424 00000022
Silicon Si 25028 248 Samarnium Sm 150.35 000000045
Phosphorus P 20874 0.02%5 Europiurn Eu 151.88 0.0000013
Argon Ar 20 942 0. 450 Gadolimium Gd 157.25 0. 0000007
Scandium Sc 44 258 =0.000004 Terbium Tb 158.824 0.00000014
Titamium Ti 47.20 0.001 Chysprosium Dy 162.50 0. 000000
‘Wanadium IEEI.EME 0.0018 Halmium Ho 154830 0. 00000022
Chromium Cr 51.008 0.0002 Erbium Er 167.28 000000087
hanganss=s Mn 54 038 0.0004 Thulium Tm 1568834 000000017
Femum {lron) Fe  |55.847 00034 Yiberbium Yb 173.04 000000082
Caobalt Co 55933 0. 00035 Lutetivm Lu 174.87 000000015
Macked Mi |EE.?1 00068 Hafnium Hf 175.45 <0, 0O0003
Copper Cu 83.54 00008 Tantalsmn Ta 1280.843 <0 0000025
Zinc Zn 85.27 0.005 Tungsten W 133.85 <0, D001
Gallium Za 8a.72 0.00003 Rhenium Re 188.2 0.0000034
Germanium Ge T2.50 000006 Osrmiun Os 1802
Arsenic As 74,022 0.0028 Iridium Ir 1822
Selenium Sea 75.95 00008 Platinum Pt 185.08 .
Krypdom Hr 2320 000021 Aururn {gold) A 185 847 0.000011
Rubidium Rb 2547 0.120 Mercury Hg 200.505 0.00015
Strontium Sr ar.e2 2.1 Thalliurm T 204 37 .
Hrum Y 25.2905 0.000013 Lead Pk 207.18 0.00003
Zrconium Zr 81.22 0000026 Bismuth Bi 208.830 0.00002
Meobium Mb gz .ang 0000015 Thorium Th 23204 00000004
Lirgniurn L 23803 0.00323
Plutomirmu Pu (244}
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Distribution and abundance of Pleurococcus on trees

AIM

To find out if light intensity affects the distribution and abundance of Pleurococcus on

tree trunks.

UNDERLYING ENVIRONMENTAL SCIENCE

The green powdery growth seen on tree trunks is tiny algae known as Pleurococcus.
Because they photosynthesise many people think they are plants but they are
actually single cell organisms that clump together. When a Pleurococcus cell lands
on the tree trunk it releases a slime that sticks the cell to the bark. The Pleurococcus
makes an identical copy of itself and each new cell releases more slime. This green
mat then spreads across the tree trunk. *

Photosynthesis is the conversion of light energy into chemical energy. The equation
for this is shown below 2

Carbon dioxide + water (+ lightenergy) - glucose + oxygen

Pleurococcus obtains carbon dioxide from the atmosphere and water from rainwater.
The green in the cells in the photograph is chlorophyll which collects the light energy.
The carbon dioxide and water are converted into glucose and release oxygen into
the atmosphere as a by product. The Pleurococcus uses the stored glucose as an
energy source 3.

Light energy is a limiting factor for photosynthesis 4. It is measured as light intensity,
which is the rate at which light energy falls on a known area of surface. It changes
continually across the day and also across the year so will affect the distribution and
abundance of photosynthesisers like Pleurococcus.
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DATA COLLECTION

We looked at where Pleurococcus was found (distribution) on six tree trunks and
how much was present (frequency) by using a 10cm x 10cm quadrat at 8 compass
points around each tree trunk. To compare height distribution Pleurococcus was
measured at heights of 0.5m and 1.5 m, and light intensity was measured at the
midpoint (1m) using a light meter. A tape measure was used to measure the heights.

Data 1 — Pleurococcus frequency at 0.5m

g(())irr?tpass Treel | Tree2 | Tree3 | Treed4 | Tree5 | Tree 6 | Average
N 80 32 80 77 59 43 61.8
NE 47 12 75 50 48 13 40.8
E 2 0 50 22 17 0 15.2
SE 0 0 0 10 6 0 2.7
S 0 0 0 5 2 4 1.8
SW 25 30 0 0 16 21 15.3
W 0 95 15 58 43 37 41.3
NW 70 15 95 65 52 39 56.0

Data 2 — Pleurococcus frequency at 1.5m

ggirr:lpass Treel | Tree2 | Tree3 | Treed4 | Tree5 | Tree 6 | Average
N 14 22 37 37 6 3 15.7
NE 10 9 12 30 19 12 14.8
E 0 6 0 22 23 15 16.5
SE 0 5 1 10 5 2 4.6
S 0 8 0 5 6 9 7.0
SW 1 16 0 0 1 5 5.8
W 24 5 0 30 12 10 16.2
NW 31 0 10 45 5 1 18.4

Data 3 — light intensity (lux)

;:;r:tpass Treel | Tree2 | Tree3 | Tree4 | Tree5 | Tree 6 | Average
N 4680 2450 4700 2820 5730 2480 3810
NE 4055 1420 5530 1210 5430 1960 3268
E 4640 4700 4460 3600 2500 3100 3833
SE 2100 3540 2240 1950 1770 3780 2563
S 2040 2840 1440 3430 660 2900 2218
SW 3710 2000 2700 2500 1300 2900 2518
w 2010 1880 4320 1700 1600 3530 2507
NW 2020 2460 5430 3590 2500 3700 3283
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GRAPHS

The average values for the three sets of data have been plotted. | have placed the
graphs together so that the Pleurococcus distribution and frequency can be
compared with the light intensity.

Graph 1: frequency of Pleurococcus at 0.5m and 1.5m height

Graph 2: light intensity at 1m height
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ANALYSIS

The frequency graph shows that more Pleurococcus are found between west-north
west-north-north east-east than between east-south east-south-south west-west.
This means that Pleurococcus prefer to be in more shaded areas on the tree trunk.
This is confirmed by the light intensity graph.

The table shows differences in average Pleurococcus frequency at the two heights.
The biggest difference is on the south side of the tree trunks, with 288.9% more
Pleurococcus at 1.5m than at 0.5m.

(7.0-1.8) x 100 = 288.9%

7.0
o Average Pleurococcus %
Direction frequency (%) change
0.5m 1.5m
N 61.8 15.7 -74.6
NE 40.8 14.8 -63.7
E 15.2 16.5 +8.6
SE 2.7 4.6 +70.4
S 1.8 7.0 +288.9
SW 15.3 5.8 -62.1
W 41.3 16.2 -60.8
NW 56.0 18.4 -67.1
CONCLUSION

It can be seen that Pleurococcus likes to grow on the shaded half of trees and mostly
nearer the ground. This is because it will be cooler and damper nearer the ground
but they still have enough light for photosynthesis. If they grew on the half getting
most light the Pleurococcus would dry out because that side gets more sunlight and
would be warmer than the shaded side.

EVALUATION

We marked the sampling heights and compass points on all trees before we started
measuring so that light intensity readings could be taken quickly. This was good
planning as light can change very quickly.

The light intensity data show that values for the east don’t meet the overall trend.
This could have been because the sun came out while light intensity on the east side
of some of the trees was being measured. The overall trend can be seen from the
other compass points.
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With eight direction points on each tree, two heights and six trees to measure this
was a lot of counting of quadrats. Different people were doing each tree and some
might have made mistakes or just guessed. This will have affected reliability of the
results.

SOURCES

1 Oxford University (June 2018)
https://herbaria.plants.ox.ac.uk/bol/plants400/Profiles/OP/Pleurococcus

2 MadSci Network (June 2018)
http://www.madsci.org/posts/archives/1999-10/940127002.Bt.r.html

3 BBC Bitesize (June 2018)
http://www.bbc.co.uk/schools/gcsebitesize/science/add aga pre 2011/plants/

plants1.shtml

4 RSC (June 2018) http://rsc.org/learn-
chemistry/content/filerepository/cmp/00/001/068/rate%200f%20photosynthesi
s%20limiting%?20factors.pdf

SQA | www.understandingstandards.org.uk 12 of 12


https://herbaria.plants.ox.ac.uk/bol/plants400/Profiles/OP/Pleurococcus
http://www.madsci.org/posts/archives/1999-10/940127002.Bt.r.html
http://www.bbc.co.uk/schools/gcsebitesize/science/add_aqa_pre_2011/plants/plants1.shtml
http://www.bbc.co.uk/schools/gcsebitesize/science/add_aqa_pre_2011/plants/plants1.shtml
http://rsc.org/learn-chemistry/content/filerepository/cmp/00/001/068/rate%20of%20photosynthesis%20limiting%20factors.pdf
http://rsc.org/learn-chemistry/content/filerepository/cmp/00/001/068/rate%20of%20photosynthesis%20limiting%20factors.pdf
http://rsc.org/learn-chemistry/content/filerepository/cmp/00/001/068/rate%20of%20photosynthesis%20limiting%20factors.pdf

	Candidate 1
	Candidate 2



