DCCUHENT RESUHE

ED 128 207 SZE 021 299

nker, Richard H.

AUTHOE Schla
I stigations ia Warine Chemistry: Salinity IT,

TITLE
DB DATE ]
NCTE 17p.; For related document, s=e SEG21289

EDRS PRICE EF=-%$0.8B3 BEC-§1.67 Plus Postag=.

DESCRTETORS Chemistry; *Inatrvctional #Materials; *Oceanclogy;
#*Physical Scierzes; Science Education; *Secondary
rducation: *S=condary School Science; *Units of Study
(5ubject TFields)

IDENTIFIERS Salinity

ABSTRACT

presented is a science activity in which the student
investigates methods of calibration of a simple conductivity neter
via a hands-on inquiry “echnigue, Conductivity is mathematically
conpared to salinity using a point slope foimula and graphical
techniques. Sample solutions of unknown salinity are provided sco that
the students can sharpen their saiinity measuring abilities.
avaluation exercises as well as suggestions for further study are
included. {(author/ZE)

S5z o o ot o ool ok ook o o o e o e e e v ok e o ol el e ke ool ke b ok ot s e e o ofe e ofe ol sl e ok sk ok ok St ot ke ke odeoke e

Documents acquired by ERTC include many informal anpublished
naterials not available from other sources. ERIC makes every effort
to obtain the best copy available, Nevertheless, items of marginal
reproducibility are often encountexred and this affects the guality
of the microfichs and hardcopy reproductions ERIC makes available
via the ERIC Document Reproduction Service (EDRS). EDRS is not
responsible for the quality of the original document. Reproductions
. supplied by EDRS are the best that can be made from the oxriginmal.
e ok e A s e s ool 3 ok o ke o ke o ol e K skoko ook skl kol ok K ok Rk ok kol R olok ok ok ook kool R ek ok

H# o N W W

+

e
e
e
%=
£
£
=
e
%



Uk IERFARTHMEHTOSHEALTH,
FLUCAT O E #ELFARE
o TIONEL NS TITUTE GF
EGBUCATION

Tt L vl T onmay BE Ery HEPROG-
TOU Y L cACTL Y A% HECEIVED FHOA
Tub g o ke Db Dlead b FATHGN LRI
SF teea dMoR oo ik NOLIE QFHEaRG
TETE Ty =y Rl it ARV BHIEBFE.
oy FOT e d ek T KA O ESTITTE
DTS BRI 1 S S S AN

Q7

~
£

I g
St

[nvestlgaticns in Marine Chemlstiy:

Sajintty II

ED128

by

Richerd M. Schlenler

290

oA

o
ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

T gsvudent investigates methocs

>f calibration of a simple conductivity
meter via o hands-on incuiry technigue,
Condurii vity s mathematli-zally ccompared
ta galinlty using 2 point clope

formuls: and gir.phs., Sample zoxutions
of unkricwna salinity are provided so
tamt the s-udent can sharpen his
salinity ueasurlag ebllitles,
sugmesrions for further study, are

included.



rrofeges
Pppove are many aspects of chemistry and electricty

which are essuned to be in the instructors repertolire

of 2aclground knowledze. However, there are a few facts

and cautions coucerning this unit which should be mentloned.
Pure weter will not readily conduct an elecirlc

curcend s nowevers exrtremaly sensltlve meters will detect

a current Tlow =ven in the purest water. To minimlze

thie effect, distillied water ghould be uszed.

o

Tn order trat investigatlons achieve the greatest
degree of success, the selt weter solution cShould be a
homogeneous mixture. To insure that this condition exlsts,
the students should be insfructed to uix the salt and
the water as throughly as possible.

When the probe is inserted in the salt water and the
switch closed, a current Tlows. When thls condition
erists, the copper vlates react with the solution, Whlle
these reactions are beyond tne scope of this unit, the
reactions do cause buildups on the plates. These buildups
effectively increase tre reslistance between the plates
and thus decrease the amount of current flow which can
occur between the plates, These bulldups increase 2s the
lenzth of time the probe 1s immersed increases, they are-
not instantanecus. For this reason the probe should be

inserted briefly and the current reading taken as soon
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as possible after lmmersion. ATter a reading has been
taken, 1t 18 & good lidea to ringe the probe in fresh or
distilled water, It is also & good idea to periodically
cleen the probes with steel Wool,

As the depth of probe immersion increases, the
amount of surface area presented to the water increases.
As the area increases, the area avaliable for electron
relesse to amd retrieval from the solution lncreases.

It follows that as the depth of penetration lncreages,

the current readings, for & glven salinity, will increase.
In order to obtain uniform and meaningful results, the
depth of penetration should be held constant as one makes
a serieg of measurements. It should elso be remembered
that the the depth which 1s used when the salinity charts
are made, 1s the depth at which measurements will have to
be made in real life situations: If this scheme is not
t+ollowed, the calibration chart will be useless.

It 18 hoped that this list of cautions, while not
intended to '.: exhaustive, will produce a more meaning-

ful unit for the student,



Introduction

Measuring the solinity of a body of water-can be an
interesting, enjoyable and fairly inexpensinve tagsk. One
problem must be overcome. If you were to build your own
galinity or conductivity meter, 1t would rrobably need to
be calibrated., How might this be accomplished?

In this uait, the student is presented with a sironle
conductivity m=2ter. The meter 1s constructed, usling & few
pleces of wire. & pattery, a milliammeter, a switeh, . two
pleces of strirg, a piece of wood and two copper electrode.
His task is to calibrate the meter so that it can be used
for measuring the salinlties of the worlds oceans, &as well
ag the wide range of salinlties found in tlide pools,

The construztion of the meter 1s plctured graphically
as follows;
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Objectives

1, To introduce the student to a functionling cone
ductivity meter.

2, To introduce the student to methods of callbrating
a salinlty or conductivity meter.

3, To introduce the student to methods of comparing
salinity and conductivity.

L, To provide the student with sample situations by

which he can galn experience measuring sailnity.

Goals

Upon completion of this unit, the student will be abls

1. Callbrate a simple conductivity meter.

2. Make charts which will allow rapid conversion of
current flow to salinity in parts per thousand (o/00).

3. Use a simple,,inexpensive conductivity meter in

real situatlions.

Materlals

1. One 6V battery.
2, One DC milliammeter 0-1 amp Trange.
, One 1,5V battery.

3
L4, One on/off toggle switch.




5, Two pleces of string.

6, One plece: of wood, lcm x lem X 10cme

7. Two copper electrodes, lem x 10cm (other materials:

may be used,. e.g., stalnless steel).

8, Severml lengths of number 12, 14, of 16 wire with

alligator clips on each end.

10, A stralght edge, preferably calibrated in cm.

11. A guantity of table salt or a quantity of sea water.
Sen water may e prepared with salt compounds
obtained from a biological supply housc, The
miyture one obtains will be i1dentical te that of
regular sea water and will support marine 1life,

12. Several 500ml beakers; other contalners may be used.,

13. Several 250ml beakers; other contalners may be used.

In this unit we are concerned with callbrating our

instrument. This task shall be acecomplished by relating salt

Current flow is-related to resistance in the following
formula, E = IR where E = voltage, I = current flow and H =
registance, It follows that I = E/R, thus current flow 1is
directly proportional to voltage  and inversely proportional
to resistance. If voltage is held oconstant, as it is with

the conductivity meter (6V), ourrent flow becomes a function



t this concept from another per-

Lo

of resistance. Looking a
specti. 2, the conductivity of a material 1s a function of
1ts® resistance,
Saline water has the ability to conduct current flow.
This will become rapidly evident 1f you momentarily dip
the probe into a beaker of salt water. Since the voltage 1s
held constant, the milliammeter readlng is dependent upon
the salinity of the water.,
The salinity of the worlds oceans ranges from about
17 o/oo in the dilute northern areas to a8 much as 300 o/oo
1n areas such as the Red Seas There are, of course,; a
multitude of variations, depending upon the area one finds
himself measuring. Much of the local variation 1s determined
by rainfall, river runof f and evaporation, However, the
salinity of the standard ocean, by convention, is accepted
to be 35 o/00,
When the conductivity meter is finally calibrated,
1t must be useful in local areas. This may be accompllshed
by using a method of calibration which will provide useful
readings over a wlde range of salinitles.
1., Have the student mlx two salt solutions. Each
solution should be made using 400ml of fresh
or distilled water. In 400ml volume, dissolve
5g NaCl and in the other, dissolve 2.58.
2., The student should now bulld the meter as shown

in the previous dlagranm.

9



3, Immerse the probe (review the precaution: in the
preface) in each beaker momentarily, close the
gwltch and record the readlngs.

Ik, Compute the resistance of the water for the different
galt contents, uging the formula E = IR.

At this point the student has jnvestigated and is aware of
the conductivity-salt relationship. If a sample of sea
water of known salinity is availeble, 1t may be used, If
not, 1t 1s necessary to mix a golution which can be used as
a atandard. Since salinity is measured in parts per thousand,
we realize that for every so many parts of sea water there
15 a part of salt. The standard ocean 1is 35 ofoo. It
follows that 1f we desirs to mix a solution of 35 o/oo0,

35g NaCl must te added to every 1000g of distilled water.
Should a 300 o/oo solution be desired, 300g NaCl must be
dissolved in 1000g of water.

5, The class should mix several different solutions;
for example, 42 o/oo, 40 o/oco, 35 o/oo, 22 o/00,

18 o/oo.

6. Using the salinity meter, measure the conductivity

of each solution and record the data., The following

scheme works well,

conduotivity in milliemps |

salinity in 0/00 L4240

10
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An alternative method is to mix one solution of
high salinity, say 70 o/oo, and take a current
reading. Caution should be observed here. Your
meter may not have a sufficlent range to handle
the current flow which 1s produced. If this is the
cage, the meter will peg and be internally damaged.
There are two possibllities which you may use€.
You may use a meter of greater current measuring
capaclty or you may decrease the size of your
betiery to sRY 1.5V, Following the firgt mesnsure-
ment, the solutlon can be diluied and a second read-
ing taken. This procedure can be followed for
several measurements. The student following this
course gailns some experlence in dilution. ©Once a
series of readings have been obtained they some=
how be stored for future use.
Have the student investigate the following method.
A. The student makes = chart or extends the chart
he started in step #6, as he takes many more
readings. Once this task is complete, basellne
data will be available for fui.re reference.
This method is cumbersome; perhaps the student.
will notice this.
Have the student plot his data on a Cartesian co~-

ordinate system (x and y coordinates).

11
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relationship here which can be better

jdentified by drawing a best fit line through the center of

the data plot.



This line has the formule, ¥y = nx + b, where b = the "y"
\nitercept or thet polnt on the "y" axis where the best fit
line crosses it, The slope = m = rise/run, x = a value
alorig the "x™ axis and y = a value along the "y" axls,
The slope or value of "m" is the amount of rise there 18
for each unlt of rum.
10, Fave the student examine hls best fit line., Does
At pass through more than one data point? The
answer ls probably yes.
11, ‘The studemt should label the point which 1t goes
through ¢ losest to the "y" exls, x4 and the gsecond
point x;. These polnts can also be labeled y1 and

¥y, respec tively.

(xp — x¥1) = ran end (yp - ¥1) = the rise. It

follows thati . ,
n = {yz = y1)/(x2 = %) = rise/run

13



12.

13.

Have the student extend the best fit line so that
1t intercepts the "y" axis, This point is Jabeled
"h" 41 the formula. The student now has sufflclent
information to substitute in the equatlon,

y =mx + b and arrive at a formula which ldentifies
the true relationship between salinlty and con-
ductivity.

The student should make the necessary substitutlons.

At this point an enterprising student might conclude that in

order to obtain the slope, only two points are needed. He

might also mention that once a point is ploted (an ordered

paly known) and the slope known, the "y" intercept may be

arrived at mathematically; the best fit line need not be

oxtended through the "y" axis., If not mentioned, these facts

should be

14,

15.

16.

pointed out,

Have the student make & graph wiose: "x" axis is
divided in a linear nmanner from 0 to 300 o/oo,
This should be accomplished using graph paper.
Usin; the information, which he has previously
obtained, each student should plot and should
draw 2 best it line., The line should begin at
the "y" axls and extend to at least 300 o/co on
the "x" axis.

The student graduatesthe "y" axlis in a manmer
consistent with his data. This will be a linear
graduation., The product should be simllar to the
one shown below.

14



Salinity vs, Conductivity
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17.

18.

19.

The instructor should make up 10 or more solutlons
for which only he knows the salinity.

The students are now asked to determine the sallinity
of the unknowns, using only the meter which they
rave bullt and their graph.

The instructor conducts & group iis@ussién. During
the discussion, the group should be led toward

the areasg which have bee:- investigated in the unit,

Evaluation

1,

3

Suggestions for Further Stud

Using a simple conductivity meter, which incorporates

a 1,5V battery as a voltage source, make the

followlng graphs;

A. A plot of the resistance between the plates vs,
salinlity.

B, A plot of current flow vs. salinity.

Write 2 mathematical equation for each relation-

ship 1listed in question #l.

Determine the salinities of several nystery solutions

(provided by the instructor).

1.

Investigate how your meter functions in a real
situatlon.

Study the avallable chemistry books and ascertaln
what takes place when the probe is inserted in the

saline solution and the swltch closed,

16



Vocabulary

1.

-11—

What other materials might be used in place of the
copper electrodes? Investigate several materlals.
A. Which materials are better?

B. Why are some materials better than others?

What 1s the buildup which occurs cn the copper

plates after the, system 18 energized?

Amp--A unit measure of current flow.

Calibrate-~To adjust according to some prede termined
schene.

Cartesian coordinates--An x, y coordinate systenm
which is nanmed after the mathematiclan, Decartes.

Reslstance~~The quality of a material which determlines
the amount of current which can pass through that
naterial,

Eiver runcff--Discharge of river water into the
oceAan,

Salinity--The amount of sall contained per unit
volume of water.

Slope=-~Rise/run.

Voltage--The force which causes current to flow,

17



