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Instrumentatlon for Water Quallty Measurements*,'
Sidney L. Phllllps and D1ck A ‘Mack
Energy & Env1ronment Division
- Lawrence Berkeley Laboratory .

Un1vers1ty of California
Berkeley, CA 94720

" The dangers of polluted water have been recognlzed for at least
as 1ong as recorded history. ,Contamlnated_water has.been known to be~respon-,‘
Sible_for’countlesspdeaths. For‘example,*catastrophic'epidenics of>$uch;
diseases as cholera and typhoid were traceeble to Waterf There
have in the pastfbeentisoléted ettempts:to solve the problem of obtaining
good'weter.-”As early es.the third century B.C;E, Hippdcrates (460 to.
354'BJC.E;) stated that 'water contributed much to health" and'went.on
to assert that'rainFWater ehould be:boiled'and Strained because other;
Wise»it'woold_hayehaibad smell end cause hoarseness. ln_ancientdtimes
. much effort nas Spent in building equeducts, cisterns.and reservoirs to
' '.proyide Wnter for cities and towns, but little was done towards controlling

' the purity of this water Certaln brief references were made to b0111ng,
y:fllterlng, ‘sedimentation and treatment of water w1th salts however no .
::de£1n1te standards of quallty other than clarity and patatablllty”were :

" recorded. lhis was pertly due to a laCk’of.knowledge of the problem; o

and to a poorvunderstanding of a systems approach in solving large

*This work was funded under Grant AG-271 from Research Applied to National
Needs, National Science Foundation, and performed in facilities prov1ded
by the U.S. Atomic Energy Commission. o :



scale problems ; -however this_was.also”due to the lack of availability of
instrumentation to'quantitatively measure'water quality. - It'is.this instru-
mental aspect of" the problem which 1s the subject of this report

On October 21, 1914, the U S Treasury Department accepted the

recommendatlon of the Surgeon General of the Public Health Service, and
adopted thevfirst U.S. standards'fOr\drinking water.‘rThese standards"
specified the maximm permissible limits of bacterial impurity, and the
recommended procedures:fOr'their measurement. Since 1914, water drinking
standards have been revised four times, and the EPA is erpeCted to issue
new standards shortly. TCUrrently, the lateSt set of standards are those
npromulgated in 1962 w1th the tentatlve add1t1on of mercury to the 115t
of toxic constltuents Wthh nmust be’ mon1tored in 1970. In 1969, the
Amer1can Water Works Assoc1at10n recommended changes and ‘additions to -
Public Health Drinking Water Standards to include maximum permissible con-
centrations of boron, uranyl ion, and pesticides. dn September 7»‘1973;.the _

EPA published a list of toxiclpollutants for which effluent discharge" |
standards.will be-established Technlques for water quality mon1tor1ng
must be developed to take 1nto ‘account both standards The follow1ng
brlefly descrlbes both standards as they apply to metals, nutrients
' (n1trogen and phosphorus), pest1c1des and oxygen demand (biochemical
_oxygen demand, chemical oxygen demand total organ1c carbon)

The need to ma1nta1n the pr1st1ne nature of the waters of the United

States has resulted in laws whlch require measurements of an_1ncrea51ng



number of water quality parameters and with 1ncrea51ng number of samples
- Besides this growth in the number of measurements required is added the
burden of 1dent1fy1ng and quantltatively determinlng concentrations of
water constituents named asdharmful.or potentially harmful at low
levels. The recent developments inilaboratorY‘and-field instrumentation
are_making possible:this combined need for-increased work load and higher.
_sen51t1V1ty | | |

- Early water analy51s was performed either at the field 51te ‘or in
the 1aboratory on samples gathered from the site. - It was found quite
- early that taste, smell and visual 1nspect10n were inadequate to determine
thevchemiCal,'-Ph}’sical_and biological characteristics, and, that as a
minimum,'COnstituents or properties lnown or deemed harmful must be mea-
sured by.wet chemical methods  The dual demands of time and care required
trained personnel to perform even the most: routine analysis; this has-'
resulted in an 1ncrea51ng need forvinstrumentatlon to aid in the measure-
ments."The_results have taken severai forms. In some cases an electri-
cally accuated array of pumps and tubing still performs the wet-chemical
analysis, albeit automaticaily.. The Technicon AutoAnalyzer'is an example
,of this direction of development; in-other cases sensors or transducers
respond to'specific'thSical orvchemicaliparameters converting intensities
_1nto electrical 51gnals these 51gnals are in-turn- processed and converted
to readings u51ng convenient unlts of measurement ~ The atomic absorption

spectrophotometer is an example of this type of 1nstrument



In_the future, instruments will approach the characteristics
of an ”1deal" water analyzer. The ideal water mbnitoring instrument would
perfonn automatic measurements of specific parameters without interference
from other parameters at the ex1st1ng amblent concentratlon level; analysis
would be rapld accurate and economlcal Obv1ously much remalns to be

done before we. achleve this goal for. all parameters of 1nterest

| Water Standards.and Criteria.

Hlstorlcally, the quallty of water 1ntended for. Varlous uses (e g.,

- beverages, ‘or paper manufacturlng) is spec1f1ed in terms of the concen-
trations of"contamlnantS'whlch are perm1551ble, or-constltute grounds for
rejection of a partlcular water supply

- Standards for dlscharges of 1ndustr1a1 wastes actually pre- -date those

_ for drlnklng water, and are_contalned.ln the_Refuse Act of 1899. However,
“this Act was not rigidly enforced'untii'about'1970 when the U.S. Army

Corps of Engineers, and subsequently, the EPA requ1red industrial dlscharge
permits. "'Toxic Pollutant Effluent Standards” were publlshed in the

]

Federal Register on September 7, 1973. -The criteria used to_generate

this. list were to protect the general welfare against materials which may
- result in the following: ’(1)'reproductive impairment in any important '
species, or concentration in food sources in excess of applicable Federal

tolerance levels; (2)'materials_1ikely to be carcinogenic,'mutagenic, or
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teratogenic to man; (3) éubstanées with a hign'order'of tokicity'as
measured by Shoft—term léthality tests. The éurrent list includes
the metals:Cd and Hg; cyanide, and peSticideé; | )
| Thé“disCuSsion'and tableénnf inétfumentation nhiCh follow will cen-
ter around the important,waterwqualit}Vpargméters whiéh afe listed in the
ncurrenth,S‘ Publianeélth-Drinking Water Standards, and thebEPA lists'of

- pollutants in effluent discharges. Instrumentation covered will be con-

| - fined to presentiy employed methods such as those-given»in Standardeethods

for the Examination Qf watér and Wastewater, 13th Edition and the EPA Methods

for Chemical Analysis of Water and Wastes, and to certain other instruments

being developed. . .

InStrumentatiQn

The techniques which are discussed belon form the basis of current
commercial or developing téchnidues for measuring four major'categoriés,
-~ of wétér pollutants: (1) netals, (2) nutfients;.(Sj.peSticides; énd‘
(4 oxygen démand. The discussion is‘not exhanstive, but rather gives a
general picfure of the inStrﬁmentation which is available. More conplete
'infbrmation on current instrumentation and principleé of operation méy '
-be'fonnd invthe references. | . -
_:_'.InStruments'fbf‘Watér.Quality measurements cén be classified\in:a n
numbér of-Ways.. It is convenient to'Sepérate thém aé fbllnws: -(l)'manually

operated laboratory analyzers, (2) automated laboratory instrumentation,



(3) manual f1e1d monltors and (4) automatic f1e1d monitors. Laboratory

v’ manual analyzers as the name 1mp11es must be operated 1n the laboratory
owing to the constralnt of operator 1ntervent1on, operational environment,
frag111ty or h1gh malntenance requ1rements Automatic'labOratory instru-.
ments “do not requlre human 1ntervent10n other than to prov1de samples,
‘maintain callbratlon'and interpret the'data.: Manual field monitors are
portable, and COntain any_pOwer source“that may be required. : Such instru-
ments are more rugged - than manually operated laboratory. 1nstruments, and
-1nc1ude the reagents necessary for any chem1ca1 reactions. Automated_"
fleld monitors measure the pollutant'w1thout human a551stance:or‘inter;-
vention on an uninterrupted basis under field conditions. | Sanlpl_ing_'ahd' |
calibration are performed automatically;'and'human interventionvis required
-only for data interpretation and to:ascertain'the’integrity of the data
collected. Table 1 lists these four classes of 1nstrumenta1 technlques
generally used for. measurlng metals nutrlents, pest1c1des ‘and oxygen
demand 1n_fresh, waste, or saline water.

Well designed automated 1aboratoryvinstrumentation can perform mechanical
'onerations more'rapidiy and with mOre precision than can an operator with
the equ1va1ent manual means, also the results obtained have a hlgher
repeatablllty than manual laboratory methods The EPA has found that auto-
mated 1nstruments such as the Technicon AutoAnalyzer permlt up to 75-
determlnatlons per hour without requ1r1ng operator attention. .However

these automated analyzers have the dlsadvantage ‘that a given manifold



arrangement can cover only a’limitedlconcentration range, making.the instru-
ment_incapable_of compensating forian unusual (e}g.;-unexpectedly high con-
centration) ‘sample condition. The set-up time reauired-to perform a given
analysis is fairly long so that automation is worthwhile-only.when a

large number of samples'are‘to‘be examined.

,Water'Qnality MeasuringvSystemSn

AlthOugh thevactual'instrumental meaSurenent is‘central to the analy-
tical procedure it is only one portion of an overall water monitoring system.
~The 1ntegr1ty of the ana1y51s perfonned by a complete monitoring system
depends on a number-of‘factors 1nc1ud1ng sampllng s1te selection, pollutant
sampling and preservation procedures; pollutant chemical or physital
separation‘metHOds; cOmpleteness‘of'any‘required'Chemioaldreactions;vsensor
operation_and”signal:qoantifiéatiqn;'data'processing,”and calibration;\
Eadh.of these steps is of importance, so that the entire monitoring system
must be fully understood to assess the reliability of the data Erroneous

data are worse -than no data at alll

Water quallty measurlng systems can. be cla551f1ed for use- 1n e1ther
fresh waste or sallne waters Fresh water systems are those de51gned
for natural (unpolluted) and treated waters They are used for a reconnai-
: sance of the Natlon s resources and to establlsh background levels for

water constltuents. Waste water mon1tor1ng systems are those sultable



for analyzing.the'discharges from point sources such as industrial or
mumicipal effluentsl' They may‘require,‘forvexample, filtration’ofrthe '
sample to remove floating particles and other debris which would interfere
with subsequent steps of’ analy51s Saline water systems are used to
measure pollutants 1n estuarine waters or. brines _They may,requ1re.special
features as means of compensation for the high'mineral_content of‘the'-
sample. ‘ ‘ -
| " The complete system for monitoring water quallty must be evaluated
for re11ab111ty, durability -and ruggedness, and cost.' The integrity of
the-proeessedidata requires’aocuracy when compared with known standards,
_speCificity,in_the presence of interferingvconstituents, sensitivity
for‘the pollutant being determined, nand repeatability in
_ terms of repetitlve measurements by one laboratory as well as reproduc1-
bllity among many testingvlaboratories To allow 1ntercomparison of data
one,needs,also to recordfthe;temperature,depth, flow rate, and-direction
-~ of the watervstream being sampled. -These data will,permitrassessment of

mass concentration, mass flow and water composition.

~Manual Laboratory Analyzers -

Manual_operation'implies’numan involVement}to progress along the .
Various steps_in'an'analytical procedureg/ Despite'significant advanoeS'
in instrument.automation; most'water monitoring infonmation is still ob-
tained with manually operated 1aboratory analyZers.. ThiSvis'duedin'part
to cost considerations in comparing manual and.automated equipment--as. |
well as the lengthy time 1nvolved in accepting new procedures as standard

methods
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Rather than llstlng all of the laboratory manual 1nstruments wh1ch
mlght be employed to analyze for metals nutrlents pest1c1des and oxygen

demand -in water, we have 11m1ted.our d15cuss1on.to'the~most widely employed

'techniques in water quality-monitoring, Commercially available instruments

will be discussed for.the following methodology: @y atomic-absorption.

spectrophotometry,,(2),ultra—violet and visible absorptiOn spectrophoto—

_:metri (colorimetry), (3) emission spectrometry, -(4) gas.chrOmatography,v‘.

_(5),gas‘membraneﬂelectrodes'[e,g.,:NH3,FQZ);vand-(6) chemical oxidizersa

(e,g.,lchemical-oxygen demand,  total organic,carbon).

Atomic Absorption Spectrophotometry

Flame atomic absorption spectrophotometry is ‘a convenient and reliable

" means for measuring the metal content of water samples. Basically, mono-

chromatic light is generated with a spectral content characteristic of

the metal being analyzed. On passing through a flame containing atoms.

of the metal the 11ght is absorbed and the diminution 1n 1nten51ty recorded

v by a data handllng system The attenuation 1n light 1nten51ty due to

absorpt1on by the metal atoms in the flame, corrected for background effects,

is related to the metal concentration in the water sample by callbrat1on

 data. In cases. where the metal content is below the 1nstrumenta1 sens1—

t1v1ty, a pre- measurement concentrat1on step is requ]red For example, :
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| the contamlnant can be extracted 1nto a water 1mlsc1ble solvent of smaller
volume than the sample, and the solvent layer contalnlng the metal then
asplrated into the flame | .

Be51des the flame method atomlzlng ‘the metal for absorpt1on photo-
metry by hot or cold flameless atom;zatlon methods appears prom151ng In
the hot atomlzatlon method m1cr011ter aliquots of the water sarple are
pipetted into 3 carbOn, graphite or tantalum ribbon”furnace 'Theisample
is sequent1ally dr1ed ashed (1f necessary) and heated to 1ncandescence
to atomlze~the:metal. The hot atomization method 1s- more sensitive than
the flame for many metals and may have potentialvapplications for specific |
problems encountered in'watervanalysis,*but its usefulness for routine
praCtical‘analysis of water of variedrcomposition 47'eSpecially’by o
laboratories-engaged'in thélanalysisbof larée'numbers of samples -- is'
blimited" Attenuation of'light intensityfcan be caused by scattering due
to smoke or salt partlcles produced dur1ng the heatlng steps thereby
_ requ1r1ng add1t10nal means for compensat1on (e g s HZ’ D lamps) The
cold vapor atomlzat1on method is used in the analy51s of mercury; Hg is
generated by chem1ca1 reductlon using, e.g., stannous ion, and subsequently
is swept out by an air stream into the opt1cal cell for measurement This
is by far the most widely used method for Hg because of 1ts sens1t1V1ty
and accuracy at the ug/1 levels normally encountered in Hg determinations.
See Table 2 for typlcal commerc1ally available laboratory atom1c absorption

spectrophotometers
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Ultraviolet-Visible Absorption SpectrophOtometry (Colorimetry) 
Colorimetric.methods generally‘inv01ve furming.a”colored spéCiés'by
means of Chemical Teactions between a reageht and the metal or nutriént;
under analysis.* Poiychromatic lightvfrom a source“such as a tuhgstén lamp
uis paééed thrOugh.a monochromator which directs a narrow baudwidfh uf the
incident light through-a cell gontéiﬁing the.absbrbihg speuies; The
attenuation in iight inténsity die to absorption is-cofreufed for back- -
~ground effects and felatédzfo concentration in fhe‘wuter}sample through :
caiibration data.A'Optimum results depend on several factors. including
‘the following: 'adjustmeht of oxidation state, maintenénce of the correct .
pH, removal of:interferences, and suluent extraction. Samples should Bé
:measufed within a specified time period after the édldr-forming_feaction
vto minimize problems of color fading. |
‘, C010rimétric”meth0ds 1ack'$pécificify and sensitivity, andjaie:time;
consuming. To obtain suitable specificity solvent extraction techniques
which ofteﬁ involve more than one extraction are commonly used. Sensitivify
‘is obtained;by'éxtraC£ing the metal from a iérge volume of sample into a
smaller volume -of organic solvent. Extraction feuhniqUes involve use of
 1aboratory:g1assware and several reageﬁts, which Cah intrqduce_contamin-
.atidn.and_cause sampié 10$ses.; To minimize sample;lbss or contamiﬁatibn _
" by handling, all glasswéfé must be scrupulously Clean, énd all reagéuts _
 vmust be of high purity.  . o |
Attractive features of.colorimétric techniques for water analysis -
include tﬁe relatively low costs (1ess than $1000 fof some ihstfuments),
portablllty and the known rellablllty of the analyt1cal methods Tabié 3

© lists representatlve commerc1al instrumentation.
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Emission Spectrometry

Elements\emitllight with characteristic wavelengths whenvtheir outer
electrons return to.the ground state from a'higher'excited‘state." The
outer electrqns of’metals'are.more_eaSily excited than nonmetals, so that
‘emission spectr6SC6py is most eommonly appiied to the analysis of metals.
,and‘metal’salts; Certain nonmetals such as 5111con, phosphorus and
: carbon‘also-give measurable em1551on Quantltatlvely, the 1nten51ty of
emission at’ characterlstlc wavelengths is proportlonal to the amount of
the respectlve element within a specified concentratlon range. - The 1n-.
tensity may be measured1using'a densitometer to cempare lineablackenings
: on'a'photographicpplate; or by direct-reading*photdelectric devices. - The
'_ihtensity‘of'emissien is related. to concentration by-comparing_sampleband
calibration‘data. Emissiqn_spectrometers thus consistvof an excitation
Vseurce; a monochromator'using a grating and/or prism, and a photegraphie
film or photetube detector. |

Trace metals in fresh waters are generally present in concentratlons
too low to be measured d1rect1y using conventlonal em1551on spectroscopy
Thus, pre measurement concentrat10n techniques (e.g., evaporatlon) are
required. Plasma excitation gas discharge sources can overcome the lack

of sensitivity of conventional emission spectroscopy.
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Gas diSCharge 1ightvsources can be7made which are'much brighter in
the de51red portions of the spectrum than are the more conventional emis-
51on sources, thereby greatly 1ncreaslng the sen51t1v1ty of the system
These sources usually take the form of a radiofrequency excited gaseous
plasma (1 e. ,:a dlscharge with balanced p051t1ve and negatlve charges)

- Better efficiency and control of the discharge can be obtained if the |
-.plasma'iS’fOrmedVin the presence of a,magnetiC”fieldﬁV |

| An induction coil is used in the Applied Physics Laboratory instru-
‘ment to excite an electrodeless plasma discharge, iA‘highlvoltage Tesla
coil helps to initially break down the gas and start the discharge. :The
effective temperature‘in this type of discharge may be as high astOOQ'

~ or f10_,ooo'°-1<'wi_th Very.hig‘h'probability"of ionization of the gas:’and little
'ordno'selective'Volatilization; vAtoms have a long.residence time within
the plasma,‘leading to a higher excitation probability and more intense
readout.blThis_high_reSidence time accounts in part for the increased::
_sensitivity; ,See Table:4 for allisting.of commercially available

© -instrumentation.

Gas-Chromatography

In water quality assessments gas chromatography (GC) is used to ana-
lyze both qualitatively and quantltatively for constituents such as pes-

ticides. The great power of thls technique 1s the outstandlng ability to
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separate mixtures into indiVidual components; ‘In principle GC'phySically
separateS'a'complex mixture into ‘its componentS'bydpassing.the miiture
through a glass column conta1n1ng a stat1onary phase w1th a h1gh surface?
‘to-volume ratio. The stat1onary phase s usually a SOlld support materlal
coated w1th a thin 11qu1d film. An 1nert carrier gas passes through the
colum under carefully controlled cond1t1ons transportlng with it the
components of the sample. Components are retained for varying 1engthsdof
time by'thejliQUid'films; The compounds emerge from the cOlumn'at times
related to theirvdegree‘of-retention by the 1iquid'phase. For pestlcide
detenninations; a glass"column (e.g., silanized pyreX) is almost mandatory
because other materlals can catalyze sample decomp051t1on w1th1n the
column; thlS is espec1ally true in the case of Cu tublng used ‘for chlorin-

ated pest1c1des. Bes1des glass tub1ng, another d1fference in pest1c1de

monitoring is'the posslble use of two Oor more columns w1th different
stationary"phasesafor'COnfirmatory identificationtof the pesti-
c1des o | | |

Mass spectrometers (MS) have recently been comblned with GC and
the resultlng instrument applled,to pesticide detectlon. In the combinedv
. GC/MS instrument,sa-glass separator generally serves as the interface
for the carrier gasvhetween the outlet of the GC and the inlet to.the MS.
The glass separator is'maintained under_vacuum causing‘the pressure_to
drop from approximately.lOOO torr in the GC column'to about one torr in
the MS inlet. In the process the pesticide'concentration in the:carrier
| is somewhat enhanced becausevthe light mOlecules:of the carrier gas are
pumped off.faster than'the heavier pesticides. Pesticides separated by

the GC column then pass into the ionization chamber of the MS where frag-

_ mentation occurs into ions characteristic of-the_peSticide, The ion frag-

W
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ments are acceleratediinto the analyzer section and resolved_accordlng to
thelr maSS/Chargearatio to‘provide a.mass spectrum which‘identifies the
pesticide- In the Finnigan, Extranuclear and Hewlett- Packard GC/MS in-
_struments the mass analyzer is an electrostatlc quadrupole the DuPont
and Varlan 1nstruments have electrostatic and magnetlc sector analyzers,
while CVC employs a t1me of- fllght analyzer Table 5 lists commercially

avallable gas chromatographs appllcable to pesticide mon1tor1ng

Gas Membrane_Electrodes

In gas membrane electrode analyzers, the gas pollutant dlssolved in

water dlffuses through a permeable membrane (e.g., Tetlon) into an electro- :
.. Chemical cell compartment. The- electrochemlcal cell is comprlsed of a

f'sensing electrode, a reference electrode, and a supportlng electrolyte
'hv such'és-émmonium chloride or potassium hydroxide.‘ The semipermeable’
membrane eerves a dual function" it éeparates'the electrochemical cell
~ from the water sample and it permits only the dlssolved gas |
vbelng monltored to d1ffuse from the water sample through the membrane
into the support1ng electrolyte " The dissolved gas may subsequently
- react at the sens1ng electrode and thus cause a current flow. The
dissolved. oxygen electrode (DO probe) is an example of thls k1nd of elec-
’ trode Alternatlvely, the gas may change the ac1d1ty of the supportlng
electrolyte and thus cause a change 'in the measured pH The-ammonla

electrode functions in thlS manner.
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The ammonia electrode is affeéted by other d15301ved'gase§”inﬁthe
water sample if théSe gaées change the pH'of the'éuppofting»electrolyte.
'THeIgASes ﬁresent must difque'thrdugh'the'membfane; and must'héve'an
acidic or baéic haturé_(for example,vCOé, HZS) when dissoived in ammb-:
nium chloride:" When measuring total ammonia,ét high pH, co, and HéS‘do
not interfér¢ becaUsévthey afé present as COngr_sf ibns/and_no lohgef
.iﬁ the gasedus form. | | |

The-Orioﬁ'model'QS-ld ammonia Selective'instrumeﬂt is an'éxample
of a device using this“pfihéiﬁlé. It has an operatihg range of 0;017'_,
to 17,000 mg/l.and'an.accufaéy 1isted:as 2% or better;'”Interferencesvin'
the operation of the eiectrode'inciudé volatile amines such as methyl
amine or ethyl amine which>diffusevthfu the membrane and cause a éhange
_ in the pH ofvthe eleétrolyte. Aiso organic solvénts and wettihg égeﬁts
may‘shorteh the membrane electrode life. The time required for'a‘99%
respdnse to a chaﬁge in ammonia concentration is»8.minut¢5. See Table 6.

| All di$s§1Ved oxygen (DO) membrane_electrodes.include the following:
e an‘eléctrochemical celi_consisting of a metal cathode (e.g., Au;
: Ag, Pt) and,an'anode (e,g.,.Pb), (2) a thin 1ayef bf supporting electro~

lyte (e.g., 1 M KOH) ih which the cathode and anode are immersed, and
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(3)'a thin oxygen permeable'membrane'such as Teflon or'polyethyleneuwhich ’
serves to separate the water sanple from_the'electrolyte and electrodes.

In Operation -oxygen dissolved in the water sample diffuses through the
membrane into the electrolyte where . 1t accepts electrons and is reduced

at the‘cathode.to peroxide or hydroxyl ions. Concomitantly, electrons‘

are given‘up»at the anode (e.g , by oxidation of Ph tovPbO), therebylcausing
an electr1ca1 current to flow which is. measured in the external c1rcu1t :

by a meter or other recording dev1ce The magnitude of the current is a-

- measure of the DO in the water-sample The polymeric membranes are per-.
meable only to. gases so that other electroactive water constituents :

(e. g , Cu Hg, Cd) do not 1nterfere See Table- 6 for typical commerc1al DO probes.

Biochemical Oxygen Demand (BOD)

BOD is a test used-to determine the oxygen requirements of the water
under examinationi it is an empirical bioassay test which involves measure-
ment of thedquantity_of oxygen required for the bioChemicalvoxidation of |
the decamposable matter (e.g., organic material) atva.given-temperature :
(20°C) W1th1n a given time (usually 5 days). The reduction in dissolved
oxygen concentration after the five day incubation period is a measure' of
BOD. Measurements of the oxygen uptake during a BOD test may be carried
out usiné a DO probe. The DO'probe and modifiedvWinkler are normally

employed.

Total Organic Carbon (TOC)
- TOC is a test used to assess the potential oxygen—demand load of or-

ganic:materialbfrom waste discharges into a receiving stream. The usual
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test pfocedure involveé injecting 20 ul of the wasteWater sample into a

: catalytic combustion tube‘maintained at a temperatufé}of 950?C._.The Water
in thevsample'is Vaporized‘aha any carboﬁaCeous material is oxidized to
co, and HéO By reactiOn_in a stream of air or ongén; The air or oxygen
 flow carries the'steémvand COé to a condeﬁser Where'the bulkAQf the water

is removed. The;C02 and remaining H,0 are then passéd through a nondis-

persive infrared anaiyzef_Which.measureé th.e’C_O'2 content. The CO2 measure-

ment is corrected. for any inorganic carbon (e.g., carbonate or bicarbonate)

and'is'thén.related'to TOC by calibration data. The Beckmanfsingle channel

' analyzer is an example of this type of instrUmenti}”Oneiméthdd of Cofrec-v 

~ tion for inorganic carbbn is the userof a second furnace; thié furnacev

: operates at about 150°C, whi;h suffices to liberaté CO2 from'carbonates.
Two sighéls afe-obtained:ét-the‘analyzer; ahd thé.difference signal is

a measuré'of'fhe total'organic carboh.i'The Tonics Modél 1224 iéyan éxamplé
of é1dua1'¢hanne1 anaiyzer."' _

Another principal fqr'TCCﬂaﬁéiyzerS"is:that illuStrate&_By the
Dohrmanh Mddei'DC-SO system. ThéytarbOnaceous matefial is catalytically
oxidized to COZ’ and then reduced to‘methane With hydrogen on a nickel
catalyst. .The méthane pfoduced is subSequentlyhmeasured usihgva flame

ionization detector. . See Table 6.

Automatéd Laboratory instrUmentatioﬁ_.

Aﬁtomated 1aboratory instrumenté can bé Ciassified into the following
three categories; :(1)~centra1 measuring analyzers'with autdméted sampler
~comprised of a turntable‘or'caﬁsule; The Unicam;SPIQOO-étomic_abSOrption

spectrophotometer with a Mode1'SP450 automatic sample changer is an example

~

*
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: of an automated turntable sampler ‘ It has a batch capac1ty of 50 samples 1
"and is capable of handllng up. to 250 sampler per hour (2) Central mea-
._surlng analyzers ‘equipped with deta proce551ng units. One examplefis the
PerkinfElmervPEP—Z system mhich-Converts the peaks'frem’a'gas Chrométq_
graph‘ihtoja*récord.in d desired format. This system can be used as an
éutomAtic-integratbr. (3)_Centra1 measuring aﬁalyzers With‘attached
modules in.which required chemical reactions are-automatieally_performed
in'chambers to which samples and reagemts are'pmmpe& and mixed. The
H'vTechnicon AutoAna1yzerfis.en example of this category of automated labora-
- tory instrumentatibn.f:This system can automatically perform the fellowing
_functionst sampling, filtering, dilutihg,.réagentvaddition,smiXing,
heating;fdigesting, color dereiopment,,amdemeasurement of the color pro—:
ducedr ‘For>e§ample, the EPA includes ra method ef determining émmonie |
' colorimetrically using the_AutoAnalyzer. The.instrument_train
includes the follewing: sampler; manifold proportionihg pump ;. heating
bath with double delay coil; a colorimeter equipped with 15 mm tubular
 flow ceil'end 630 or 650 nm filters; and a.recorder. ‘The basicfchemical
reaction between ammenia nitrogen and sodium pheneléte.solution in the
‘presence ofrsodium hypochlorite forms a bluefcolored reaction'prodmct.
The concentratibn of ammonia is related to the intensity of the blue'_
'colorvBy'calibrgtion'data. See Tab1e17.for typical 1aBoratory automation

equipment.
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Manual Field Monitors
Manual field monitors are portable instruments that measure pollﬁ-'
tants by a variety of methods, two of which are volumetric titration and
colorimetric reactions. - In the latter case, the intensity of the color
is determined by comparison with liquid-in-glass color standards, or

a reagent}impregnated paper, The LaMotte_Octet Comparator'outfits are

examples of the liquid-in-glass comparator measurements. Another approach

to,cblorimetric intensity determlnation?is that employed by.the Bausch -
and Lomb MiniSpeC‘20»battery-p0weredrspectrephotometer This instrument
measures the attenuatlon in light 1nten51ty due to .a sample,

and. relates ‘the readlng to the ‘pollutant concentratlon by

calibration data. Table 8 lists typlcal currently avallable manual fleld

monitors which encompass these three classes of analyzers.

Automated Field Monitors

Automated field monitors can be classified as either.continuous or
semicontinuous samplers. Continuous eampler'instruments measure a consti-
tuent'onvanvuninferrﬁpted basis, and include both prebe-type continuous',
'samplers (e.g., DO electrode) and wet chem1ca1 analyzers (e. g . Hach
Model 651B s111ca analyzer) The Enviro Control Ser1es 2000 wet chemlcal
analyzer'is an-example of a semicontinuous sampler. ‘A metered sample
from the water stream is filtered and.mlxed wirh a fixed quantity of

reagent. Depending on the rapidity of the chemical reaction between re-

v
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v_agent and water cbnstituénf; the sample of water andvreégent is passed
. either through a délay coil to allow ﬁimé for color deVe1opment, or

7 directly into a colorimeter. The.éolbrimeter ¢ohtaihS a single'lamp
source and two matched ceiis{ 'Tﬂevcolored sample streém'passes through
§né cell, whiie the unreacted. water stream passes through_fhe other. .

- The differenceviﬁ 1ight intensity is. detected ahd recorded as a measufe
;of»the pollutant concéntrétion{ _ | o
B Table 9 contains-ailist of currently évailable automated field

analyzers.

COnclusioé. .

After reviewing current inStfumentation iﬁ 1ight of.the needs of
water mqnitoring,'some'genefal obserVations are appropriate. While the
‘typical curréntly used instrument is adequate in many respects, it still
has a humber of shortcomings. The optimum instrUmentation sfstem'for
thé next generation of water anélyZers should include:

AAdetector Which is specificvfor'the parameter of interest --
the detector should not be subject to interferences. | | |
A monitoring system with multi-parameter capébility which can

be aééémbled ffoﬁ individual specific detectors. Conversely, instru-

ments that can measure'a>number.of parametérs_(e;g.,'gas chrométo- |

graph) is a step in this direction.
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Instruments operating on-physical principles:are'preferred to
'those Tequiring wet chemlcal methods | » | ’ dh

Methods by which samples are either analyzed qulckly or preserved
quickly to help insure the-rellablllty of the information; 1n situ
mon1tor1ng be1ng preferred A number of water ‘reactions are time
dependent. For example the pH may change 51gn1f1cantly in a matter of.
.m1nutes dlssolved gases may be lost or galned |

Sens1t1y1ty“eapab1e of detectlng amblent levelS'of?a contaminant
' _is'of'partioular'importance; As the emission levels of pollutants
decrease,‘it is necessary'thatgthe-instrumentation be able to cope
with these lower levels; Any'steps"such as enhanced'sensitivity'
that ellmlnate pre measurement concentratlon are welcome. |

The capablllty of being read out both d1rect1y (e.g., for field
'use) and into remote data -handling fac111t1es for. p01nt source or _
- laboratory appllcatlon _ _
Sampllng and analy51s techniques capable of handling suspended
and sediment forms of constituents, as well as distinguishing indi-
“vidual forms of a pollutant
Methods for aCCurate callbratlon elther 1n ‘the laboratory or 1n

the field. - Where p0551blev built-in callbratlon means utilizing

. . standard solut1ons are partlcularly de51rable

Instruments that are rugged and thoroughly rel1able
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Automated data‘handiing'Which is'propérlyvintérfaced'tobhaﬁdle
_large_numbérs of samﬁles;'partiéularly'Qhen intricatercaiculations
are féquired, | v |

| Aﬁdlfinally,'the price éh@uld be one thaf is economiCéily de-

fensible.
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Table 1: Typlcal 1nstrumenta1 methods for measurement of metals nutrlents

pesticides, and oxygen demand

Instrument Method . Pollutant Measured

Manual Laboratory Analyzers

Atomic Absorption ’  Metals o
‘ColorimetriC_A ' o _ : o 'Metals,.nutrients'(ammonia, nitrate,
A ' | nitrite, phosphate) chemical oxygen
demahd' total organic carbon

‘EmiSSionispecthmetry . ~ Metals; phosphorous,v
<. Gas chromategraphy v I - Pesticides -

Gas membrane electrodes ' ) _Y Dissolved oxygen; ammohia, nitrite;
_ - : BOD _ v . :

Ion selective electrode o .Nitrate'

Activation analysis o L . Metals; nitrogen; phosphorus

X-ray fluorescence o Metals

Gas chromatography/Mass spectrometry - Pesticides

Thin layer chromatography_ '  Pesticides

Infrared spectfophotometfy'_ | Total brganic carbon

Automated Laboratory Analyzers

Atomic absorption B Metals .
Colorimetric = - ' . Metals; nutrients
Gas chromatography _  Pesticides

Manual F1e1d Monltors

Colorimetric ’_ - - . Metals nltrlte phosphate
Electrode | = o DO; metals
Volumetric T1trat10n'-" : . DO; nitrate



Table 1. Continued

Automated Field Monitors

- 2.

Atomic absorptionrv
Colorimetric

Electrometric =
Flame IOnization;.Infrared

Hg

: Cr;NhQ4; ‘PO E; Fe; Cu;

NHz; NO3™; NO,”; total phos-
phorus; chemical oxygen de-

: mand _ . -
' Cu; dissolved oxygen; NHz; NOZ"

Total Organic Carbon
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Table 2. Representatlve commerc1ally avallable manual laboratory analyzers
| for measuring metals, nutrlents pest1c1des -and oxygen demand

METALS
Atomic Absorption Spectrophotometers o

Manufacturer | B - Model No.
Bausch § Lomb, Inc. AC2-20
Beckman Instruments Inc. ' o 485; 495
~ Bendix Corporation- ' - . A1740' '
Corning Glaés Works : ' - 240
Fisher Scientific Co. ~ Dial Atom. IT; 810
GCA/McPherson Instrument Corb.' ' , EU-703 "
Hilgét and Watts o :  H1170 | ) |
~ Instrumentation Laboratory Inc. ~ 151; 251; 253; 353; 453; 151/455
' Perkin-Elmer Corp. | | . 103; 107; 300; 305B; 305B6; 306;
: : i ) Lo 360 403 503 _
Phillips Electronics (see Pye-Uniéam) ,
Pye-Unicam = | | 'SP90; SP1900; SP1950
Rank Precision Industrles Inc. (see Hilger ’
' and Watts) ‘ - - -
" Shandon Southern, Ltd. ” . A3400
SpectraMetrics, Inc. ' o Spectraspan 101;j210
Spectro Products Inc.,;b k R . HG-2AG o

Varian Techtron o . " 1000; 1100; 1200; AA-6
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Table 3. Representative‘commercially availabie manual laboratory analyzers

for measuring metals, nutrients, pesticides; and oxygen demand

METALS AND NUTRIENTS

Ultrav1olet VlSlble Absorptlon Spectrophotometers (Colorlmeters)

Manufacturer

.~ Model No.

American Instrument Co.
Baird-Atomic, Inc.
Bausch § Lomb, Inc.

Beckman Instruments Inc.

’ Brlnkmann Instruments Inc
Chemtrlx Inc.
GCA/McPherson Instrument Corp

Gilford Instrument Laboratorles, Inc.

Hach Chemical Co. -
Hitachi Scientific Instruments
Markson Science, Inc.
Micromedic Systems, Inc.

- Perkin-Elmer Corp.

Pye-Unicam |
Tektronix, Inc.
" G.K. Turner Associates -

Varian Instrument Division (Cary
Instruments)

Carl Zeiss, Inc.

 DK-2 -
~ FP-100; SF-100°
_Nﬁnispec 20; Spectronic Nos. :

20, 70, 88, 100 200 210,

700, 710

24, 25; ACTA Nos. :.CII, CIII,
CV, MIV, MVI, MVII B; DB-GT;
DV-2

‘Probe Colorlmeter

.Type 20

EU-701-D; EU-707; DU-721-D

240

DR/2 2504; DR/2 2582

-181-7000; 101; 10Z2; 191

Solid-state colorimeter -
MS-2 .

Coleman Junior Series: 54, 55,
124, 156; 295; 1323; 356; 402
SP1700; SP1800; SO800

RS5

© 110; 111; 330; 430; 510
'17; 118A; 118B; 118C; Techtron 635

PMZ3; PMZ D; DMR21
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Table 4. .Representative,Cemmeicially available manual'labora;ory analyzers
- for measuring metals nutrients' pesticides and'oxygen‘demand'

METALS AND PHOSPHORUS (Slmultaneous Analyzer)
' Em1551on Spectrometers

Manufacturer o -  Model No.

Applled Research Labs (Bausch & Lomb Inc. ) Quantohetric Analyzef with In-
ductlvely Coupled Radio Frequency
Plasma Excitation Source

‘Baird-Atomic, Inc. - - ~ SB-1; SH-1; GW-1; GK-1; GX-3;
o - o " various mohoehremators'
_'Bausch & Lomb, Inc.:." : " Various monochromators |
Jarrell-Ash’ D1v151oh (Flsher Sc1ent1f1c - 1500 Atom counter; 750 Atom
Co. )| o .~ counter; 3.4 m. Ebert Spectrograph

Natlonal Spectrographlc Laboratorles, Inc. _Exc1tat10n sources

Spex Industrles, Inc. . : ' Exc1tat10n source; Sample Mixers
Spectrex Corp. : .  Quantrex; Vreeland 6A



Table 5. Typ1ca1 Commerc1a11y Available Gas

Analy51s

Manufacturer
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Chrqmétographs for Pesticide

MOdglvtoption)

Bendix'(Pfocéss Iﬁstfuments-DiviSioﬁ)
Beckman Instruments Inc |
Chromtronix Inc. o _
'.Columbla Sc1ent1f1c Industrles
~ CVC, Products '
' CVC Products GC/MS
~ GC/MS/Data System
Dohrmann Divisibn;_Envirotech Corp.
_‘DuPont Instrumehts GC/MS
| - GC/MS/Data System
Extranuclear GC/MS‘_
GC/MS/Data System'
Finnigan GC/MS
GC/MS/Data System
Fisher Scientific Co. /Vlctoreen
Hewlett-Packard '
Hewlett-Packard GC/MS.
GC/MS/Data System _
' JEOL Analytical Instruments, Inc.
LKB Instruments, Inc.;
‘Nuclide GC/MS - .
Packard Instrument Co., Inc.
‘Perkin-Elmer Corp..
System TnduStries
Tracor, Inc. |
Varian, Instrument Div;
Varian GC/MS
-GC/MS/Data System

GC 65(577653)
Series 500 (501 UV)

'SCI-260 Data System
_2655(R)—3(064008)A

Direct- Coupled
SI-150

. 2465-E

21-490-B-4

121-094

SpectrEL
51-150”"

3000 D-003; 9500

6000

JMS-D100/JMA
3-60-SECTORR
417(8044)
3920(045- 006)

System/lSO Data System

550 (4201-1400-3201)

' 147520-00

MAT 112
SS-100 MS

2400-001; 4400 series
© 5713A (055-011-017)
'5700A/5930A

' 5932A; 5933A
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Table 6. 'Oxygen_Demand anvautrientsa

Manufacturer ‘_' S C § Model No.

' Dlssolved Ogygen Gas Membrane Electrodes

Beckman Instruments, Inc. © 735

~ Delta Scientific Corp. . | 2010 -

eFisher Scientific Co. = . Precision OXYgen Analyzer |
International Blophys1cs Corp. . 500- 051
Weston and Stack S o 6, 350, 650

Chemical OxygenrDemand

iBendix-Environmental Sciénce'" ,
Delta Scientific 260 _
Fisher Scientific Co. o o ~© “Precision AquaRator

Total Organlc Carbon

ARRO Laboraﬁories, Inc. R - TOC Analyzer

Astro Ecology Corp. _ | 600
vBeckman Instruments, Inc. S 915

Bendix- EnV1ronmental Sc1ence
Ecologic Control

Enviro Control, Inc. : . ' vv TOC/TOD Analyzers
Envirotech Corp. Dohrmann Division. . DC-50°

Oceanography International Corp. . Total Carbon System -

Ammonla and N1tr1te -Gas Membrane Electrode

Kent Instrument Co.
Orion Research . o - 195-10, 95-46



Table. 7. Automated Laboratory Instrumentation -

51, 36; 485

. Ty | : . Oxygen -
Manufacturer Model Metals Nutrlents PeSt1C1de$ Demand
Brinkmann Instru- Sample _ X
ments, Inc. turntable -
. . g Kjeldahl
| Foss America Inc. Kjel-Foss Nitrogen .
Hewlett Packard 3380A Inte- SR
. 3 ‘ grator
Tonics,  Inc. . _ TOC
Perkin-Elmer Corp. Auto 200 X '
Perkin-Elmer Corp. 4900; AS-41 '
Samplers;
PEP-2 data
_ " reduction
Perkin-Elmer Corp Automatic
. ' Integrator
- Pye-Unicam SP450; DR10 X X
Spectra-Physics ‘Autolab System
_ I, IV data re-
. duction _
~Technicon Corp. Autoanalyzer IT X X COD,DO
The London Co. ‘Multisample X X
' -Phototitrator :
PMI'2; Autopi-
petting Titra- :
tion System ATS-1.
Varian X
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Table 8. Typical manual ficld monitors

Yellow Springs Instrument.Co.

Manufacturer: Mcl - Métals Nutrients Pesf.ic'_idcs‘ g::iﬁg
Aﬁ:i~12011ution"'réchn§1c>_gy Corp. Mercometer 171 " Hg
Aquatronics Inc. .. ’ _510; 520 DO
- Bausch and Lomb Minispec Zd : X X
Beckman Instruments Inc. Fie'ldlaﬁ' - Do
Chemtrix, Inc. Type 30 00
.Oonsoll'idated' Technology, Inc. - DO:BOD
Delta Scientific Corp. 22; 50; 260; 3000; X X _ 10;COD;
: 85-02; 75; 2010; - : ' ... BOD
2260 Spectrophotometer
Ecologic Instrument Corp 106 )
En_v:ilmxmental Sciences Associates ,. SA 201'1“ -X
nc.
" Hach Chemical Co. DR/2Z 2504 X
" International Biephvsics Corp 490-051 . ‘ DO;FOD
Intemation;l E;ologicai 'S'yvstems 1120 Photometer X X .
Corp.
Koslow Scientific Co. 1233; 1282-A; 1280-A; As, Cd,
: _ 1248-A Hg
LaMotte Chemicai Products Co. :.ALI;OZ; AM-11; AM-22 to X X . Do
Martek Instruments, Inc. oA in situ; DO-S; % o o DO
Mark I and II
Nera, Inc. s Do
Rexnord Ins’fmmen_ts Div. Do
S¢nsox"ex X
Taylotr Chanicals Inc. - X
Tekmar In_stmﬁén‘:s Inc. BYK 700-21 Do’
Weston and Stack, Inc. 300; A-15 DO -
Do
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o Table 9. Typical Commercially Available Automated Field Monitors

Parameter S _ . - Maﬂufacturer
DO : | _ , - Aquatronics Serles 25; Model 525;
S ‘ MIDAS 1000

NH;, Cr0,~ K Cu Fe, Ni, N02 » NO3 7, POH , Deélta Scientific Serles 8000 Multl-
Si ‘ _ _ parameter

TOD, NO3;~, Cu, Cr0u=,_P09§, NHg,'Fe, DO  Enviro Control, Inc ’ Series 500, 1000

. 2000
DO o b - EnV1ronmenta1 Dev1ces Corp Type 146
Hg - : _' . o Enraf Non1us N.V.
Cu, P, MnO," - - Fischer & Porter Co.
o B S 'v | o o Geomet, Inc. A
si, 0,7, Cr0,=, Fe, Cu  Hach Chemical Co., Series CR2 |
Do '_ i | o ; A_ . Honeywell, IhduStriaI Div., System 200 |
“TOD, TOC, DO, PO, o R ionics,_Inc;?lModei 1224, 225, 1236, 1131
Hg - o - L Olin Corp./ionics; Inc; |
NH3;‘Cd,>Cu,_Pb, NOZ;; NO;~, Ag Ofion Research'fnc.i Sefies 1000
DO ' | - o . Ph111ps | _V |
Cr, Fe, Cu, Poui, TOC ," D Raytheon Co., AES, Series 1200, 1400,

- 1500, 1550, 1600 1700

- PO, R - , - Siemens Corp

NH3;, NO3~, NO» 7, POQE, Total P, Si,'Fe, 3Techn1con Instruments Corp CSM6 Multl—

Cr0,~, Cu, COD o ‘parameter; Monitor IV
PO,~, Cr0,~ - Universal Interloc, Inc., Model 1203; 1205
DO ' . Weston and Stack, Inc., Royal Series;

Model 400; Model 5000; Model 3000
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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