Dissolved
Oxygen Info

Dissolved Oxygen (DO) is the term used
for the measurement of the amount of

en prasent in a unit volume of water.
moug dissolved oxygen (DO) is usually
displayed as %, mg/L or ppm, DO sensors
do not measure the actual amount of
oxygen in water, but instead measure the
partial pressure of oxygen in water, which
is dependant on both salinity, pressure and
temperature. The amount of dissolved

an [DO) that can be prasant in a given
:;K'Q of water is primarily a function of
three factors: the atmospheric pressure of
the water-air interface; the temperafure of
the wiater; the amount of other dissclved
substances fa_g_, 5«[:|ts, sugars, or other
gases) present in the water,

Environmental Impact

Dissolvad oxygen is consumed in the

water by respirafion and decomposition.

It is replenished mainly by the atmosphere
otosynthesis. Water temperature

is @ key factor in the regulation of water’s

axygen level. Warm water contains a lower

exygen conceniration than cold water. If

DO concentrations get foo high, though the

dissolved DX[V?BH can become toxic to plant

and animal lite.

wate dissolved oxygen is necessary for

water quality. Oxygen is a necessary
9|amanHo all forms of life. N02Jdm| stream
pun cuhon rocesses require acequate

E in order to provide for oercbic

|iﬁa rms. As dissolved cxygen levels in
water drop below 5.0 mg/L, aquatic life is
put under stress. The lower the
the greater the strass. O an lavals that
remain balow 1-2 r a few hours can
result in large loss g;guquuhc life.

Applications

Dissolved oxygen measurements are used
fo monifor processes where content
affects reaction rates, process efficiency, or
environmental conditions:

* Agquariums

» Aquaculiure / Fish Farming

* Bio-reactions / BOD

* Environmental festing “ukss, streams,
oceans)

* Water / Wastewater treatment

* Wine production

Biochemical Oxygen Demand (BOD)

The BOD test is typically perfomed in
wastewaber freaiment plﬂ nts, where it is
important to understand the amount of

concenfration,

axygen that microerganisms consume from
the water whan Thﬂ'}fil'ﬂﬂk down organic
matter. This test allows the plant to determine
the effectiveness of their water treatment, or
the amount of pellution that still exists. By
Measuring the amount of oxygen dissolved
in sampl@s at the beg'lnni and end of a
specified incubation pﬂ;‘l , the relative

o n requirements of wostewaters,
em?a;ts, and polluted waters can be
determined. You can cakulate BOD by
measuring DO at time 1 (T,) and subtracting
the DO at time 2 [T,); mu|1|p|9 that number
by the final velume zWJ and dividing that
number by the initial sample volume (V):

BOD (mg/L) = (T, - T,V/V
Pressure Compensation

DO readings must take inte consideration
differences batween the somple and
rbruhon pressures. The pressure values
musl in furn, occount for elevation dbove
sea lovel undfor averprassure in a ves
Any significant procass pressure variations
will lead 5:- DOdr:a-usu;fmI?_lancrlarrz:d The
pressure cependance 2 dissol uxygLun
congentration in water can be understood ¥
considering Dalton’s law of partial pressures.
This law states that if different gases are
mixad in a confined space of constant
volume at a set temperature, then each gas
will exert the same pressure as if it alone
occupied this spoce. The pressure of the
mixture as a wﬁgfe is the sum of the pclrliu|
prassures of each of the gases comprising the
mixtura:

Pr=prpstpy - -

Dalton's law simply states that the partial
pressure of each gas component in a mixture

is what the pressure of that gas compaoneant
would be if all other gases present in the
mixture suddenty vanished, without changing
the temperature of the gas remaining. V%wn
Dalton’s law is combined with the ideal gas
low, the partial pressure of each gos ina
mixture is proportional to the number of
molaculas of that gas in the mixtura. It is also
important to note that the concentration of
dissobved oxygen follows Henry's law: i.e., it
is linearly propertional to the tofal pressure.
In accordance with Henry's law, the molar
concentration of dissolved oxygen in water
can be calculated from the partial pressure
as:

%= Ky Py

where x , is the molar concentration of
oxygen in mol/L, K, is Henry's constant
(1.28 x 10° mol.-"l.—uhn @ 25°C) and Poz
is the pc:rhu| pressure of oxyien in atm.
Henry's constant will va the process
temperature. Henry's |c:rw simply states that
the solubility of a gas in a liquid is directly
proporfienal to the pressure of that gas
above the liquid. As the pressure of the air
above the aqueous sclufion is increa

more axygen will bacome dissolved in the
solution, and the DO concentration will
increqse.

Temperature Compensation

The temperature dependence of the dissolved
oxygen concentration results from changes
in the sclubility of oxygen in water with
temperature: i.e., the solubility is greater in
cold water than in warm water. The axygen

is then cngad b}' water molacules, which
weakly pin it in place. A simple perspective
on solubility of cxygen in water is that when
the water is r.:oHBr, the water molecules

Dissolved Oxygen Saturation Table in mg/L

Solubility of solutes as a function of temperature (mg of solutes per liter of water)




move less, and the oxygen remains Irupped
in the aqueous sclution. The temperatura
deﬁrandanca of oxygen solubility is often
calculated as o function of vapor pressure.
Other dissolved substances will offect the
{:||:}i|iry of oxygen fo dissolve in water at the
same femperature and pressure, because
thera is less “room” for the oxygen in the
wuater{oxygen is less water soluble than
most salts) whosa solubility increases with
temperature. See the tables ot the bottom of

the previous page for additional information,

Galvanic & Polarographic Sensors

If the electrode materials are selacted such
that the difference in potential batween

the cathode and the anode is -0.5 Volts or
greater, an external potential is not roqm ired,
and the systam is cu|li::|:| gu vanic. If an
axternal voltage must be applied to the
sensor, the system is called polarographic.

The major difference between the galvanic
and pofumgruphic sensors is in the choice
of anode materials, which determines their
suitability for applications. Galvanic senser
s are generally mads from lead
or zing, 50 the sensor is self-polarizing,
i.e. the voltoge is generated in the sensor
by the electrodes themsalves, comparable
to the process in a battery. Polaregraphic
aladrodes, howgver, are often made using
silver, which requires a voltage in order to
acfivate the oxygen parmeation process.

Galvanic Sensors

The galvanic sensor converts the oxygen
concentration into a voltage (via a sacrificial
anode) that is proportional to the amount of
DO. Therefore, the sensor has an abseluie
Zera, numaly, when ne DO is presant, the
sensor will read “zera” to within the limit of
the electronics. In general, gabranic sensors
are more stable and accurate at low DO
levels, and can operafe for extended pe-riods
of time without electrolyte or membrane
rap|uc9mﬂn'r.

Galvanic DO sensors consist of two
ala-drodes, an anode and cathode which
are both immersed in electrolyte (contained

Galvanic Diagram

Lead or Zinc

Electrol
ectrolyte anode
Silver
PTFE
Membrane Cathode

inside the sensor body). The electrodes
pr(:rviu:la- a high anc-ugl'l pofenricd for the
reduction and exidation of axygen. This
means that there is no need to provide
an external petential or “polarize”
the electrodes. An oxXygen purmuuble
membrane separates the anode and
cathoda from the solution being measurad
Oxygen diffuses across this membrane and
interacts with the anede and cathode to
roduce an electrical current. The current
Ealween the anode and cathode passes
across a resistor that chnng&«s output with
temperature in order to produce an output
voltage (typically in millivalts). For the
sOme oXygen pressure, higher operafin
temperatures will increase the amount cﬁ
axygen diffusion into the sensor due to
incraased membrans permac:bihty, thus
resulting in more current. For accurate DO
measurements, a separate and independent
{often integrated) temperature sensor is used
to measure the femperature and direc
compensate for the membrane permed i|'|hr
changes. The sensor output voltage is then
converted fo ppm, %, or mg/L of DO.

Polaregraphic Sensors

Polaregraphic sensors exploit an
amperometric technique using a Clark

c9|||, S0 nurrhmd after LGlﬂHI-:d Cr.lo(f‘;ll‘;lrk. lln
pelarographic sensors, the a an
cmhc:{dhe are immersed in an 9|9cfrc-|}::a

into whic en parmeaates th rough a
membmnaOX):? rs from a galvanic sensor
in that the anode must be pCﬁﬂrlZﬂd, after
which a current flows in the sensor. At zero
dissolvad oxygen, the sansor has an offsat
far which the readout electronics must be
compensated, and which changes as the
sensor ages. Furthermore, as the oxygen
permeable membrane ages, the operating
characteristics of the sensor also cﬁingu.
Pol{:ro-grapl'lic sansors must be charged or
po|uri during usa and cclraﬁ.ﬂly calibrated
prior to each bicprocess run for maximum
accuracy.

In the polaregraphic (or Clark) cell shown,

a cathode of a noble mefal [platinum or
gold) is made negative by 0.6 to 0.8 Volts
with raspect to a suitable reference ancde
[hgfﬂo.gd electrode in @ neutral KCI), so that
any axygen dissolved in the liquid is reduced
at the surface of the noble metal cathods.
The ancde/cathode pair couses current to
flow in direct proportion o the amount of
oxygen enfering the syshem. The m:lgn'lh.lde
of the current thus gives us a direct measure
of the amount of cxygen entering the probe.
Becouse the oxygen entering the probe is
chemically consumed, the partial pressure
ofo n in the Qlecl'rolﬁe tends toward
zarofyﬁfere{or@, a pcer{:ll prassure gr‘ad'leni
exists across the membrane and the rate of
oxygen entering the probe is a function of

Polaregraphic Diagram

Silver
Electrolyte L anode
\ N /|
PTFE Platinum or
Membrane Gold Cathode

the partial prﬂssurﬂ of exygen in the air or
wafer belnvg measured Egnmdlant |'|9|ps
-:onrinuu"y drive new oxy n malecules
across the membrane and into the a|9dro|y'ha_
As the negative voltags applisd to the noble
metal cathode is increased, the current will
initially increase but eventually saturates. In
this p|uruuu ragion, the reaction of
at the cathode is so fost that the rate o
reaction is limited by the diffusion of oxygen
to the cathode surface. Further increases
in the negative bizs voltage will eventual
reach a point where the current output o
the electrode increases rup'ld|}-' due to other
raachons, main|)-r the reduction of water
drogen. Ease of usa, linearity, and
c{:ll ration dictates blusmg the electrodes
such that it operates on the pluieuu Ifa
fixed voh{:gg in the p|uruuu ragion {For
example, - 0.7V) is opplied to the cathode,
the current oufput olrﬁ electrode can be
|'|n90rhr calibrated to the dissclved oxygen.
A fixed voltage between -0.6 and -0.8 V is
usually selected as the polarization veltage
when using Ag/AgCl as the reference
electrode. The current produced by the cell
isp rtional to the oxygen pclrliu:|| pressure
and closaly approximates the ucﬁ\r;rérg:u: :
. Ast &n is consum the
Clui cell cmh&deoﬁ?pressuru gradient is
created across the membrane. The result is
a constant rate of oxygen diffusion ocross
the membrane which is prc-porﬁc-rml to
the partial pressura of O in the water.
The membrane, which is very often a
flueropolymer (e.g.: Teflon, PTFE), is oxygen
p@rmeﬂb o, but by das’lgn is not permea le to
other dissolved solids/ions (or many gases)
that migh’r be presant in solution. Consider
the detailed cxygen reduction reaction for
a Clark cell constructed using Ag/AgCl and
old electrodes, and using aquecus KCl as
1{];19 9|9dr0|}19. In order for the oxygen o
undargo reduction, a potential between 400
to 1200 mV must be prasent; o valia
700 mV is typically applied to the cell from
an external scurce (your meter or confroller).
The total reaction that occurs can be broken
down info the reactions aocurring at each

alectrode:



+ Cathede |Reduction):

O,+ 2H,0 + 40" — 40H

+ Ancde [Oxidation):
4Ag + ACH — de —AgCl

The overall reaction that eccurs is

it will read an air bubble as an oxygen-
saturated sumpla-.

Calibrate your electrede at temperatures
close fo the wmpla femperature, even
when using a meter with automatic
temperature compensation [ATC).

» Always calibrate your DO elecirode dry
using air as the 100% test point

Mﬂmbr{:nas woaar ouf, u BI'IOUld rep|c|c9

fl'lﬂ I'I'ﬂl‘l'lbr{ll'lﬂ as

» Short your galvanic eleccirode when not
in use with a shorting cap [provided with

summarized in equation 5:

s  Overall:

4Ag+ O, + 2HO
+ 47
— A.&gd + AOH

From the overall equation,
it can be seen that QI;"CQ
fime an cxygen moleculs
is reduced, 4 electrons are
generated and the cathede
is “depolarized”. These
alactrons lead fo a current
that is related to the partial
pressura of tha d‘lssoﬁgd
oxygen, and that can be
found by accounting for
all the aforementioned
affacts. The current can be
calculated from:

ij:[dFP_|[rJAp,:,;]f"d

where Foraday's constant,
Fis 9.5;1; 104 cfrg:lal, i
Pmit} is the parmeability
tha membrane (which is a
function of femperature),
A is the surfoce area of
the nobla metal e|9c1'roda-,
tha pﬂrhu| as5ura
OP} n, and d is the
rhldmssa of the membrane.
Typical currents i i; are on the
order of 0-0.4 mAmps.

Troubleshooting Tips

* When usin

polumgm;ﬂ'uc siyla
, connect it fo your

meter and allow the
probe at least 15 t0 30
minutes or polarization
time before calibrating or
measuring.

= To ensure that the
membrane has no
air bubbles in the
alectrolyte solution, the
AS| membrane caps are

designed to release all air

whila the moduls is being
installed.

*+ Do not allow any air
bubbles to be tra on

the membrana su

Galvanic versus Polarographic Electrodes

GALVAMIC DO Sensor

POLAROGRAPHIC DO Sensor

Self-polarizing (they create their own voltoge or Requires a voltage to be applied to moke these
Polarization potential, mud HEL like o batiery) eleciredes work (meter cutput)
Lead or Zinc (Finc is RoHS and less hazardous
Anode opfion and may also be longer lived due to lower | Silver
hydroxide ion development in electrolyie)
Cathode Silver Gold or Platinum
Elactralyte Potassivm Chloride (KCI) / Custom Potassivm Chloride [KCI)
Membrane FTFE PFTFE
Output (typical) | Depends on mefer's curent to voltage converter, | pr i on meter; but typically 0-0.4mA

but typically 0-0.4mA (0-40mV)

Range 0-200% saturafion (0.5-20ppm typically) 0-200% saturation [0.5-20ppm typically)
calibrati 100% done in air or humidity chomber, zero with | 100% done in air or humidity chamber, zero
allbratien oxygen scavenger in solution with caygen scavenger in sohiicn
A Dependent on meter software but typically 0.1 Dependent on meter software but fypically 0.1
ceuracy mg/L DO or £2% |whichever is greater] mgy/L DO or £7% [whichever is greater)
Pressure, Temperature, Salinity, membrane Pressure, Temperaturs, Salinity, membrans
IanI:lsm:lng thickness — these are typically occounted for with thickness — these are typically accounted for with
aciars meter measurement software or nomogroph doto | mefer measurement software or nomograph data
Typical 2-3 years, but can be as long as 5-years
Expected life ii shorfing cop is used and design has large Typical 2-3 years.
eledrolyte reservoir
*  Robud, sccurote measurement for many *  'Well documented, popular sensor
general purpose measurements tech
*  Standard Methods [4500-0) +  Standard Methods |4500-0)
*  low maintenance *  Affordable, commen design
*  Fast siart-up fime ¢ Oftentimes smaller form factor makes it
+  Sulfide poisoning reduced (silver cathode easier to use in some samples
Advantages has net negative charge so sulfide connct *  Required design foctor for reploceabls
poison it] - this makes it a better choice in membranes [io refresh aladrdykl] are
dirty water samples [WW) preferred in dirty water samples

*  Mon- eable membrane cap design (for
use) is feasible since eledrolyte is not
consumed

ce, as

Disadvantages

* A shorfing cap MUST be used when the
sansor is not measuring. If the shorting cop
is not used, the probe will consume the
alectrolyte and the ancde/cothode system
and it cannot be refurbished.

*  larger size required to make
resarvoir and anode,/cathode system long-
lasting

*  Dedicated meker requirement llcunm#
interchange with chmgrq:hlc

*  May be higher cost due to h:lrgﬂr size um:|
manufachsring requirements

*  The sensor must be charged or polarized
before being mlibrﬂfedrgrgisacrfi:-*mmwm.
This involves 15-30 minutes of meter on-
fime with the probe connected (this may
drain maker 1

*  Sulfide poisoning can ocour in dirty water
samples due to silver anode [positive
churg: atiracts sulfide post

*  Eledirolyie sclution needs fo be refreshed
often since the pnlclmgruphlc reachon
produces hydroxide ions af the cathode,
which inq'lzljisas the pH of the Eledmlyre

*  May need more frequent calibraficn due to
electrolyte activity causing zero shif

*  Dedicated meter rement (cannot
interchange with mT:umc probas)




