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Fill out the Eh data record form for field measurements fig. 6.5-2).

Eh Data Record

Field Measurements :
Field Eh Fiald Eh!

Temperature and pH of systern measured: T =
pH =

2. Time to thermmal equilibration:

Maasurament bagan at

Measurament snded at

3. Measursd potential of water system {mW): emf =

4, Referance aslectrode potential mV of ZoBell's

at sample tomperatura: Eraf =

5. Calculate sampls Eh: emf+ E
{add step 3 + stap 4: Eh =

6. Fiald measurements should agree within about 10 mV.
Observations:

The second measurerment is necessary for quality cordmol.

| Figure 6.5-2, En data record: field measurements.

7. Quality control--Repeat the measurement.

http://water.usgs.gov/owq/FieldManual/Chapter6/6.5.3 .html

TECHNICAL NOTE: The response of the Eh measurement system may be considerably slower than that of
the pH system and that response also may be asymmeitrical: the time required for stabilization may be longer
when moving from an oxidizing to reducing environment or vice versa. If the readings do not stabilize within
about 30 minutes, record the potential and its drift; assume a single quantitative value is not possible. If an
estimate of an asymptotic final (hypothetical) potential in such a drifting measurement is desired, refer to the

method used by Whitﬁeld (1974) and Thorstenson and others (1979).

6.5.3.A
INTERFERENCES AND LIMITATIONS

Measurements should not be carried out without an awareness of the interferences and limitations

inherent in the method.
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p Organic matter and sulfide may cause contamination of the electrode surface, salt
bridge, or internal electrolyte, which can cause drift or erratic performance when
reference electrodes are used (American Public Health Association and others, 1992).

» Hydrogen sulfide can produce a coating on the platinum electrode that interferes with
the measurement if the electrode is left in sulfide-rich water for several hours :

(Whitfield, 1974; Sato, 1960).

p The platinum single and combination redox electrodes may yield unstable readings in
solutions containing chromium, uranium, vanadium, or titanium ions and other ions that
are stronger reducing agents than hydrogen or platinum (Orion Research Instruction
Manual, written commun., 1991).

p Do not insert redox electrodes into iron-rich waters directly after electrode(s) contact
with ZoBell's. An insoluble blue precipitate coats the electrode surface because of an
immediate reaction between ferro- and ferricyanide ions in ZoBell's with ferrous and
ferric ions in the sample water, causing erratic readings.

Many elements with more than one oxidation state do not exhibit reversible behavior at the platinum
electrode surface and some systems will give mixed potentials, depending on the presence of several
different couples (Barcelona and others, 1989; Bricker, 1982, p. 59-65; Stumm and Morgan, 1981, p.
490-495; Bricker, 1965, p. 65). Methane, bicarbonate, nitrogen gas, sulfate, and dissolved oxygen
generally are not in equilibrium with platinum electrodes (Berner, 1981).

TECHNICAL NOTE: Misconceptions regarding the analogy between Eh (pe) and pH as master variables
and limitations on the interpretation of Eh measurements are explained in Hostettler (1984), Lindberg and
Runnells (1984), Thorstenson (1984), and Berner (1981). To summarize:

(1) Hydrated electrons do not exist in meaningful concentrations in most aqueous systems--in contrast, pH
represents real activities of hydrated protons. Eh may be expressed as pe, the negative logarithm of the
electron activity, but conversion to pe offers no advantage when dealing with measured potentials. -

(2) Do not assume that redox species coexist in equilibrium. Many situations have been documented in which
dissolved oxygen coexists with hydrogen sulfide, methane, and ferrous iron.

o The practicality of Eh measurements is limited to iron in acidic mine waters and sulfide in waters
under- going sulfate reduction.

« Other redox species are not sufficiently electroactive to establish an equilibrium potential at the surface
of the conducting electrode.

(3) A single redox potential cannot be assigned to a disequilibrium system, nor can it be a531gned to a water
sample without specifying the particular redox species to which it refers. Different redox elements (iron,
manganese, sulfur, selenium, arsenic) tend not to reach overall equilibrium in most natural water systems;
therefore, a single 'Eh measurement generally does not represent the system.

6.5.3.B
INTERPRETATION

A rigorous quantitative interpretation of a measurement of Eh requires interactive access to an aqueous
speciation code. Exercise caution when interpreting a measured Eh using the Nernst equation. The

Nernst equation for the simple half-cell reaction (M, = M? , + e-) is

4of5 11/08/2001 4:28 PM
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Ehr = E° + 2.303RT/nF log (a"y0,/ @ yiur)

where:

R = gas constant;
T = temperature, in degrees kelvin;
n = number of electrons in the half-cell reaction;
F = Faraday constant; and '
@, and e’y = thermodynamic activities of the free ions M’ o
' ' and M" _and not simply the analytical concen-
trations of total M in oxidation states I and H,
tespectively.

Measurements of Eh are used to test and evaluate geochemical speciation models, particularly for _
suboxic and anoxic ground-water systems. Eh data can be useful for gaining insights on the evolution of
water chemistry and for estimating the equilibrium behavior of multivalent elements relative to pH for
an aqueous system. Eh can delineate qualitatively strong redox gradients; for example, those found in
stratified lakes and rivers with an anaerobic zone, in an oxidized surface flow that becomes anaerobic
after passing through stagnant organic-rich systems, and in mine-drainage discharges.

= Section 6.5.4
4 Return to Section 6.5.2
" 4 Return to Contents for 6.5--Reduction Oxidation Potential (Electrode Method)

4 Return to Chapter A6 Contents Page
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 This document is also available in pdf format:

Chapter 6.5.4.pdf

6.5.4
TROUBLESHOOTING

Contact the instrument manufacturer if the suggestions in table 6.5-4 fail to resolve the problem.

»  Check the voltage of the batteries.

»  Always start with good batteries in the instruments and carry spares.

Table 6.5-4. Troubleshooting guide for Eh measurement
[, plus or minus; m¥, millivolts; emf, electromotive force]

Eh of ZoBell's solution
exceeds theoratical by
$HmV

Excessive drift
Erretic performance

Poor responsa when
using peired slectodas

Check meter oparation:

+ Uss shorting lesd to establish meter reading st zero mV.

» Checkfreplsce batteries.
* Check against backup meter.

Check elsctrode opamtion:

»* Checkthast electrode reference solution level is o the
fill hole.

* Plug qusstionable refsrence slactrads irto referance
alactrode jeck and another reference electrode in good -
working order of the sam e type into the indicator
slectrode jack of the meter; immerse elactradesin a
potassium chloride solution, record mV, ringe off and
imm erse electrodes in ZoBsll's splution. The two mV
readings should be 0+ 5 mV. if using diffarent slec-
trodes (Ag:AgCl and Hg:HQClg), reading should be 44 +
5 m¥ for a good reference electrade,

* Polish pletinum tip with mild sbrasive {crocus cloth,
hard erasar, or a 4 00-800-grit wetiiry Carborundum™
paper), rinse thoroughly with deicnized water. Uss a
Kimwipe™ if these abresives are not svailable.

» Drain and refill reference electrolyte chambar.

* Disconnect reference electrode, Drain and refill electro-
lyte chambar with correct filling solution. Wipe off
connectera on electrode and m eter. Use backup
slectrode to checkthe emf

» Read am#with fresh sliquot of ZoBsll's solution;
prepare fresh ZoBell's aolution if possible.

* Recondition electrede by claaning with aque regis and
renewinyg filling solution—ithis is a last resort.

11/08/2001 4:28 PM
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6.5.5
REPORTING

Report the calculated Eh in mV to two significant figures.

Potentials are reported to the nearest 10 mV, along with the temperature at which the measurement was -
made, the electrode system employed, and the pH at time of measurement.
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Responae tima Is the time 1equired for 8 measuramant to accomplish 95% of a step-chasnge In only that meesurement. For nstance, ¥ the temperatars chengad sudeanly from 25*C to 36°C, lemperature’s time respcnse would
be the time raqulred for the reading to chang# to 95% {35-26)+ 26= 34.5°C,

Stabitity l9 2 muitiprobe’s abfity Lo read within s sccuracy spacifications in the same stendard usad fox callbrallon. Cartaln siations cen adversely affect stabliity, For exemple, & referance electroce soakad for a month in very
low Specific Conductanos walsr cannet cealnarily be expected o produce accsrate pH (or Redex of ISE) readings. Similerly. a DO prcbe coverad wih active algas Is not likely 1o produce accurate DO readings. Tha stabilily
spacifications ere besed on an analysls of the sensor alectronkes and net on direct tzaling, because of the d_rfﬂculty In applying such @ test 10 spacific field conditions,

Hydrolab's standard thermistor provides & 0,15°C accuracy worst cass ard + 0, 0°C using 55% Certainty (most probable srror) method for calculating Bccuracy. This seans thel more than 85 out of 100 multiprobes will meet
the < 0.10°C specification. )

Tha four rarges {0 1o 0,1988, 0.2%0 1.5, 1.5 10 15, and 15 to 100 mS;om) are charged sutomatically {autoranged) to proviie the rast digits avellable. '
The 4 dighh resciution tor Specific Conduclerce depends on viich of tha four automalically selscted ranges &re In uss. For mstance, a reeding of 0,13 mSice wout be displayed es .1300; resoluton would be ten thousandths

of mSiem. A Spacific Conductanoe ef §0.157 mSfem would bs clapleyed as 10.46; rescluten youid be Lo hundredihs of mSfcm, if the optonal oulpul, pSicm, Is chossn, the resclulion for Specific Conductance over 2988
uSiam will be four digits, #dih @ zaro added as the I;sl (ffih) digh. .

Tha Tamperature compaensation for Specific Consuclanca ¢an be disabled sssily If raw” Conductivity reedings are neaded.
The Selinly accuracy Is enhanced when tha systam's callbraied for Salinity (instesd of Spacific Conduciarca) near e expected fleld values.
Although the mullprobe will measure the full © 19 14 unit pH range, ik (s nos recomenanded that the sensors be exposed 1o pH extremes outside the 2 to 12 unitrange,

The pH accuraey Is vaiid for watars of Specific Condustance giaater than 0.2 mSiem, when using Hydrolab's standaed, rebulldable reference eleclcods. Tris aocuracy can be ordinailly met in very fresh vialers (Specific

Conductance less ihan 0.2 mS/em) I you use Hydrolab's eptional LISREF {'ow lonks strength) teferance eecirode and fallow very perticular maintenance and calitration srocedures. Tha LISREF reference etectroda Is rol
refilgile,

When operated 1 lemperature of calitration and callbealed with turbid ree water and a Formezin stendard of 75% of renge. Typlcal lamperature coefficient is —0.25 NTIVC",

Response Uims i less than ten seconds with averaging disebved, but reguires thity saconds afier powar-up. The mexirun moving average 4me ls &0 veconds for a worst case response Lime of 80 seconds from power-up.

Turbidity measutement Is divided inlo twa ranges: 0 (0 100 and 100 to 1000 NTU. Readings are more acsurate in the rangs In which calibration i made, a8 shown in the chart below. The chast also showes the readings are
more accurale when made at the temparzstura of calibration,

% renge on % rang® on
cel range non-csl range
at cal tamnp +5 10
nol at cal temp 110 15

The Redox accuracy refers to frus slaciroda voilage. Aclual readings ate sublect to slow elactrode equillbration mes and urcertainty in measurerment theory and callbration. A typicel as-measured gccuracy might be 2 SOmY,
Aosuracy Is alded In very frash waters (Specific Conductance |9 1est then 0.2 mSicm) by Hydrolab's optional LISREF referance electrods (see footnota g

A transfer standarg is a calibratlen solulion or stendard graded by ensther measurement method, such as chemical tiration {e.g. Winider). In the casa of Redox, 8 transfer stendard sight be a selution messured ty a truslec
laboratoey pH-my meter. For many purposes, it Is na! necescary (o callbeate Redox at all,

The time required for a Redox sensor \0 respand to a step-change In Redox in highly veriabla ard depends on the condilien of the suifece of the Hlatinum sfectrods and on Whe direction of the step-chenge. Because response
Ume s litte affacted by nor-Redox sensar liems, such as stectronic desgn or the effects of other sensors, the respansa time of Hydrolab's Redox sensor s vlitually the same as thal of other Redax-measutement instrumenrnts.

Typlcal Accusacy, Ammonium: £ 5% of reading, of & 2 mg/-N, whizhever Ia grealer, Minimvam Accuracy: & 10% of reading. of £ 2 mgiL-N, whichever is greater. Both accuracy specifications ere st tempsraturs of callbeation
with no interfering fons. Interfaring lons artificially increase the ammenium reeding as follows:

inatfering 4 mg/L-N
lon Interferance
K+ 13mg/L
L N+ 1,300 mp
Updated /2001 ‘ Page 3
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Qualifications for Serles 4a Specifications {continued) Hydrolab Technical Note 204

Typu:ﬂ Accuracy, Ammonla: + 27% of teading, or 4 2 mgiL-N, whichavar is greaisr. Minlmum Aocuracy: £ 70% of reading, or + 2 mg/L.-N, whichever I8 greater. Ammenia ks cakasated from the sensoc’s ammenium oulput
according [o pH, and tha Inherent uncerainty In pH is 3.2 urits, which waans an unsenalnty In ammonla of + 80% when mathematically converied from ammonjum (@ emmonis. Both accuracy spedﬂcabons are el temperature

. af calibretion with no Interfadng hm and pH lass than 10. Intarfenna lans artificially increase the ammanium raading and hance e ammon'a resding,

Typlcal Mcur&w. Nitrate * 6% cf raading, or £ 2 mg/L-N, whichever 1§ greates, Minimum Accuracy; & 10% of reading, of £ 2 mgiL-N, whichaver ts greatsr. Both accuracy specifications are at ternperaturs of calibeation with ne
interfering ions. interering lons cen ariificlelly increase tha nitrete 1eeding as follows:

Intartaring 1 mg/L-N
fon inteiference
CIQy 0.0071 mgit.
) 0.45 mg/L
CN 28 mglk
ar 30,7 mglL
NOs 23 mgll
H8" 23 mglL
HC(E 433 mgil
C| Bﬂnm
Cl 765 mal.

Typical Accuracy, Chlorkde & 5% cf reading, or & 2mgh., whichever is grester. Minimum Accuracy: £ 10% of reading or £ 2 mgiL, wiichevar la greater, Both socuracy specifications are at tempearatwe of callbration with no
Intsrfeding Tons and pH tess than 12.4. Interfering lons can artificially Increase the chicride reading es follows:

lmedertng_ t mg/lL

len Interferanca

cN 1.6 x 10-6 mgl

r 16 % 106 mg/L

st 9.0x 10-8 M.

Br 8.7 x D2 mpfL J

Chloride resolution varies with the magrituds of the m':ilng as follaws:

Reading Rasalution
0.00 to 89.89 mgil. 0.0t mg/L,
100.0 to 889.8 mgL 0.t mgil
1,000 1o 18,000 mgiL. 1mglL

The 85% responss changs to a chanps In total dissolvad gas peowe tass than 180 seconds at ~1'C,

Typlnatlvxmracy Is£ %6 of teading, or £ 1 ymel & m?, wnichevar Is graster, I Inlmum Bocuracy: 2 10% of rudlng or £ 2 ymal 5 m2, whichever is greater. Manufecturer recommends factory sansor recaiibration at lsest one
every fwo years.

it Is important ko ncta thet the fluarescent yield ebserved In the natural environment can deviats widely over varying condltens. Glven this, the Rhodamine stendard shokld not be directly compared to chiorephytl, The standarc
i3 used In tuning of fuoromelers B8 a refarence, not es a cafiurelion. We encourage cur users to parfonn filed calibeations bn the locels of thelr sampling If they are intsresiad In more than relative Ueads.

Ths 10m Depth sccuracy Is the 95% Certainty {most probabie error] accuracy. based on the worsi-case ertors such as drifl, temperature compensailon, tiC error, ete. The 10m Depth fransducer Is atmospherically vented to
ellminats the very largs ecrors possible from barometric predsure shits causad, for Instance, by changing waather),

Updated /2001 ' , Page 4
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Qualifications for Series 4a Specifications {continued) Hydrolab Technical Note 204

The Depth reedings ere oompematad for Sallrity {that Is, water denslty} sb {had readings are accurets \'-imhar mace in frash or salt walers.
The 26m, 100, and 200m Dapth accurecy are the 95% Certalnty {most prebable arver} socuracy, based on the worst-casa erors such as drift, tamparatura compansation, titt errer, e'c. Ths socuracy raquires that the user -
employ atmosphesic coraction If changes In barometric prassure arato be consldered. The accuracy is much batter In sliuations were 1smperaturs changes are sma'i and changes [n Depth, rather than the exach Depth, ate of
primary intarast, i _
Sallnlly Ls caloulated from conductivity and tempatature based on USGS WS Papes 2511 or Section 2523 of Standard Metheds for the Examination of Waiss and Wastewater. The Stendard Methods function Is alsd commonly
referred to as the Prectical Salintly Scale o UNESCO Methad,

Heed Offica:

Hydrolab Corporation

8700 Camercn Rd. #100

Austin, TX 78764 USA

Phone: {B00) $49-3766 or {512) §32-8832
Feo: {612) 832-8838

Emall; ﬂi!ﬁﬁ@h!ﬂ.&'ih.mm

bliovwww hydrglah cam

_Inthe Irfgrest of Improving and updeting s equipeend, Hydrolab reserves the right to alter specifications o equipraent al any time, Hydrolab Cop® 2001

Undated 9/2001 | Page s
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Tech Note 204

Serles 4a DataSonde® 4a & MIniSonde®4a & Surveyor” 4a Display

Parameter Specifications

PARAMETER RANGE ACCURACY | RESOLUTION { SENSOR | COMPENSATIONS | CALIBRATION | RESPONSE | gpapyipy |  OUTPUT
TIME OPTIONS
TEMPERATURE " | $1050°C £0.00'C" 0.01°C the mistor none required - none requited < 1 minuts \hree years °C. "F.or K
0.0C00 10 0.1696 mSfem .
0.200 lo 1.500 mSfem £ 1% ol reading 0.25" x 1" oval bere KCl o olher mSlcm, pSiam,
SPECIFIC .45 t0 15,00 mSlem +1 pount 4cighs* witn four graphite | atometic to 26°C° stendard <10 secands six months conductivity, TDS,
CONDUCTANCE 24.5 to 400.0mifem £ 4Stom elocirudes - ' o¢ reslstivily
autoranged) .
o)
: Iculatad from M &p. -
’ % 1% of reading cd calibrate directty
SALINITY Olo 70 PSS $001 PSS 0.01 PSS :::ddtlanca nene {aquired vth sallnlty < 10 ssconds one month pPss
siandards
. rabulidable water-saturated alr, mel., %
CISSOLVED +0,2 mgiL. {<20) polaropraphio; 1 s | Buiomats for Vinider, or al- ) saturation, e
OXYGEN 0o 80 mgll. $08mgn 20y | 901 mall Fefionts epesaiure nd soturated wales | < - Minle one manth mplL vitheut
mambrane Y salintty correction
glass pH;
|
pH Ota 14 uris* £02units® 0.01 unit o o ' g ety | <4 ainutn anemorth | pH urits
refarance elatrode : )
Ry e e
DiTY 01 100NTU e 0.4 NTU | ith diludens
{Datzsonde 4a D0 {300 NTU t28%otrarge | Sy ?ﬁﬁﬁi‘i&"&?&ﬁ‘. ?mgc amblent Mt ) Fomazin or AEPA- | < 10 ssconds” | ane mantn NTU orvolis
oniy} {user solectable} switar {US Patant 1 potymer beads
. #6,111,249}
NoA- 010 100 NTU 0.4 NTU
SHUTTERED . ' must be operated al dilutlons of
TURBIDITY 100140 1000 NTU t5%otrange® | VNV IS0 7027-based depth >1°r‘:§r shialded Forrno:ﬂsn o AEPA- | <1minute
& ’ : . one manth NTU
{Datagonde 48 {autoranged) nephelometet trom sunlight 1 polymar beads
and Minisonde 4a)
. Quinbydrons,
REDOX -390 10869 m¥ +20 my™ 1V Pl electrode rone required Zobell LGNS0 | yasieg® one morth | mv
activity cdt»;ﬂlclan;tml41
cempuied from 8 c 1 2-,3, or4-poinl
ANMMONIUW greaier of + 5% of onspeciic cenductance; and callbretion with mgfl-N, mV, or
AMMONIA 010 100 mgiL-N reading or _ 0.01 mgt-N electroda pmmenla dedved fom | Hydrolab of uses- | <1 minuts ore month mg/L-N of iotal
2 2 mph-N : ammonium produced NH'>
. pesature, pH, an Brds
temn| H, and sland
J_speu‘ﬂc contuctance
Updated 92001 Page 1
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Pararﬁater Specifications — Serles 4a DataSonde® 4a & MinISonde® 4a & Surveyor® 4a Display

Hydrolab Technical Note 204

(Continued from Page 1) ;
: OUTPUT
PARAMETER ~ | RANGE ACCURACY | RESOLUTION | SENSOR COMPENSATIONS | CALIBRATION | SESRONSE | gragimy’ ] ONToNS
2, &, of &poini '
greates of £ 5% of A activity coefficient callbration with
NITRATE 010 100 mp/L-N teating of 01 mpA-N alactrpudo compLted from spacific | Hydroleb oruses- | <1 minute one month mgiLN or my
+ 2 mpfl-| conducience : produced :
sMandards
) 2-, 3-, ot &-point
greaterof = 6% of jor3paciic eclhity cosfficlent catibmienwith »1 year vith
CHLORIDE 0.5 to 18,000 mgil. tendingor 4digts ™ elactods commied (om specfic | Hydrokab or user- <\ minute occasional mpil. or my
: 1. & 2 mglL-NY condustance produced polish
slandards
TOTAL 400 to 1300 mmHg - membrane-povered
(max Immarsion depfh: 30 £ 01% of span 0.1 menbp pressure rone required satin ale <3 minytes™ ore menth memHgmV, or PSI
DISSOLVED GAS 1 [ traneducar :
+ 5% of raading rajection of amblent
&'1%’;“ LIGHT 00 10,000 1 mal 5 m* :rpml B 1 pmed a''m? phatovoltele ced %rg o:glde Jh%w none required < 10 seconds two years'! 1 umol 8”'m?
- nm band:
dilutions af
e
CHLOROPHYLL | 0.0310 150 ugiL : gn';' 3‘,}_‘5""“ 0.1 pgh fluorometric none taquired caSbrelion cubs) <10 secords one month wgil or volts
) with user
coelelion to fieyd
samples
DEPTWO-10?Tm“ owm 2003 m® 0001 m zﬁm‘m: aulomaticfor saiinlty | setzesoinalr <10 saconds ong month m, & or P81
DEPT“mﬁEmM 0% m 10,08 m®* 0.0 m m‘;gggf stomatlc for sallnty®* | selzero In elr <10seconds - | one month m, f, or PSI
DEPTH/C1 DOMM 0 100m £ 0,8 me* 0.4 m mdfraj: autorratic foe selinty® | set zero Inair < 10 sesonds one month m. ft, of P8I
I}EPTHJ&ZO!)hlm1 0to 200m 08 m™ aim ?ﬁﬁf automatie for sainib™ | setze:o i alr < 10 s8conds one month m, ¢, or P&
BAROMETRIC | : | mmHg, (nHg,
PRESSURE $00 1o 850 menHp % {0Ommtlp 0.1 mmHg mﬁ: nore required et in air < 10 seconds s manths KPA, mbar, Atm,
orP8l J

Note: Theao spacificatons apply over the opsraliyg temperature range ¢f =6 to 50°C (mn-m;zlng). ard avar the operating voltage range of 8 10 16VDC, foe wedl malntalned

sensors In cleen, unchanging watets, Thete are many slisations, such as blofoullng, that will nagete axtrapoletion of these'spactfications to fleld conditions.
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